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Abstract

Background A meta-analysis regarding bone loss after bariat-
ric surgery, designed to compare surgical and nonsurgical
groups, has not yet been performed. Therefore, we performed
a meta-analysis to compare the differences between bariatric
surgical groups and nonoperated controls with regard to bone
mineral density.

Methods In March 2015, we performed a review of the litera-
ture using PubMed, EMBASE, and the Cochrane Library. The
search focused on retrospective and prospective studies, includ-
ing but not limited to randomized studies published in English.
Results Among 1299 studies that were initially screened, ten met
the selection criteria. For all types of bariatric surgery, bone
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density at the femoral neck was lower in the surgical group than
in the nonsurgical control group (mean difference [MD] —0.05 g/
em?; 95 % confidence interval [CT], —0.07 to —0.02; p=0.001);
no difference in bone density was found between the two groups
at the lumbar spine (MD —0.01 g/cm?; 95 % CI —0.07 to 0.05;
p=0.661). The analysis of Roux-en-Y gastric bypass showed
similar results.

Conclusion Bone density at the femoral neck decreased
after bariatric surgery, compared to that in nonsurgical
controls, whereas bone density at the lumbar spine did
not show a difference between groups. Further larger
scale studies with comparative nonsurgical controls are
warranted to overcome the heterogeneity among studies
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in this analysis and to add evidence of possible bone loss
subsequent to bariatric surgical procedures.

Keywords Bariatric surgery - Bone density - DXA -
Meta-analysis

Introduction

Bariatric surgical procedures, including Roux-en-Y gastric by-
pass (RYGB) and adjustable gastric banding (AGB), increased
from 40,000 in 1998 to 468,609 in 2013 worldwide, in line
with the growth of laparoscopic surgery [1]. Bariatric surgery
is effective, particularly for morbidly obese patient groups
(body mass index [BMI] >40 kg/m?, or 35 kg/m* with other
obesity-related complications), exerting long-term sustained
effects on weight loss in 62 % of gastric bypass patients and
47 % of gastric banding patients [2]. Bariatric surgery is re-
ported to improve diabetes mellitus, dyslipidemia, hyperten-
sion, and sleep apnea in greater than 60 % of patients [2, 3].
Despite the positive effects of bariatric surgery, concerns
have been raised over potential adverse effects on the skeletal
system, e.g., increased bone loss and fragility [4]. This may be
explained by decreased calcium intake and absorption, in-
creased parathyroid hormone (PTH) due to lower vitamin D
absorption, decreased estrogen level in women, decreased
plasma leptin and ghrelin, and increased concentration of
adiponectin [5—7]. Long-term complications after gastrectomy
include osteoporosis and osteomalacia. Osteomalacia was es-
timated to occur in 2.5 % of patients following gastric bypass
in the USA [8]. Therefore, the development of secondary bone
loss after bariatric surgery and resultant increase in skeletal
fragility is an important issue that warrants further research,
given the substantial growth of bariatric surgical procedures.
Bone density measurement using dual-energy X-ray ab-
sorptiometry is a clinically proven surrogate marker applica-
ble to measuring bone strength and fracture risks [9, 10].
Despite a few limitations in bone strength measurement [11],
dual-energy X-ray absorptiometry has been widely used in
studies on the postoperative bone strength of patients under-
going bariatric surgical procedures. However, systematic re-
views or relevant meta-analyses on this issue are rare, and
bone mineral density (BMD) change after surgery differs ac-
cording to body region and the type of surgery [12-15]. A
meta-analysis on BMD after bariatric surgery showed that
bone density decreased after mixed surgical procedures but
not in restrictive surgeries [14]. Another review on this issue
showed that BMD at the spine and radius was greater in post-
surgical patients compared to an obese population, according
to cross-sectional and retrospective research [12]. Moreover, a
meta-analysis regarding bone loss after bariatric surgery, de-
signed to compare surgical and nonsurgical groups, has not yet
been performed. Therefore, the relationship between bariatric

surgery and BMD is still inconclusive. The aim of this meta-
analysis is to evaluate the difference in bone mineral density
between those who had bariatric surgery and nonoperated con-
trols among studies with morbidly obese patients.

Materials and Methods
Data Source and Keywords

Two researchers independently searched MEDLINE
(PubMed), EMBASE, and the Cochrane library database in
March 2015, using selected keywords “bariatric surgery or
gastric bypass or gastric sleeve or sleeve gastrectomy or gas-
tric banding,” AND “bone or bone density or fracture or os-
teoporosis,” for English-based thesis titles and abstracts, and
performed an initial screening. For EMBASE, we used quoted
keywords to maintain a specific word sequence (“bariatric
surgery ’/exp OR “bariatric surgery” OR “gastric bypass”/
exp OR “gastric bypass” OR “gastric sleeve”/exp OR “gastric
sleeve” OR “sleeve gastrectomy”/exp OR “sleeve
gastrectomy” OR “gastric banding”/exp OR “gastric banding”)
AND (“bone”/exp OR “bone” OR “bone density”/exp OR
“bone density” OR “fracture”/exp OR “fracture” OR
“osteoporosis”/exp OR “osteoporosis”). The researchers aggre-
gated the initially screened articles and collected original texts
on the internet or at medical libraries.

Selection Criteria of Relevant Studies

We selected articles that met the selection criteria (i.e.,
retrospective and prospective studies, including but not
limited to randomized studies designed to compare bar-
iatric surgical and nonsurgical groups) to be included in
the meta-analysis. The control group included individuals
who were not operated on and were compared to those
who underwent bariatric surgery. We only selected arti-
cles written in English. We tried to obtain the complete
data for analysis by contacting the authors of articles
with insufficient or missing data. Selected variables were
extracted from the studies: study design, type of surgery,
time point after surgery, number of participants, gender,
initial BMI (kg/m?) or weight (kg), BMI or weight at the
time of BMD, the changes in weight or BMI, and BMD
(g/cm?) at the femoral neck and lumbar spine.

Statistical Analysis

All statistical analyses were calculated using STATA 12.0
(Stata Corp, College Station, TX, USA). The presence of pub-
lication bias was evaluated by using Egger’s test for the char-
acteristics of BMD data. Heterogeneity of the included studies
was estimated by using Higgins I*[*= (O— df)/Q x 100].
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Either a fixed effects or random effects model was used for
analysis. The fixed effects model was used when °<50 % and
the random effects model when F#>50 %. A forest plot was
used to present the point estimates of effects with Cls and the
pooled estimates with CIs observed in individual studies.
Mean difference of BMI or BMD with 95 % CI was calculat-
ed. Weighted mean difference (the difference between two
means weighted by the precision of the study) was used, con-
sidering that the scales were the same among the individual
studies included herein. Subgroup analysis was performed
with reference to different types of bariatric surgery, body
region (e.g., lumbar and femoral), BMI of the surgical group
and controls at the time of BMD, and time point after surgery.

Results

The literature review identified 1299 titles from PubMed
(n=455), EMBASE (n=828), and the Cochrane Library
(n=16). A total of 1055 titles were selected, with 244
overlapping titles excluded. A further 1010 titles that
failed to meet the selection criteria (retrospective and
prospective studies, including randomized studies, de-
signed to compare bariatric surgical vs. nonsurgical
groups) were excluded, and 45 articles were included
in the final review. Two articles that were not written
in English, 5 that failed to provide sufficient data, 27
that lacked control groups, and 1 that lacked bone den-
sity variables were excluded. A total of ten articles were
included in the final analysis (Fig. 1). Table 1 outlines
the articles included in the final analysis. In sum, 241
patients undergoing bariatric surgical procedures and
261 subjects in the nonsurgical control group were an-
alyzed. The time lapse after bariatric surgery ranged
from 9.8 months to 10 years. No publication bias was
observed, with p for bias =0.926.

Analysis without differentiation of the types of surgi-
cal procedures found no difference in BMI between sur-
gical and nonsurgical groups (mean difference [MD]
-3.62 kg/m*; 95 % CI, —7.67 to 0.43; p=0.080)
(Supplementary Fig. 1). Bone density in the femoral
neck was lower in the surgical group than in the non-
surgical control group (MD —0.05 g/cm?; 95 % CI,
—0.07 to —0.02; p=0.001). In studies of whether BMI
of the surgical group at the time of BMD was less than
that of the nonsurgical controls, the bone density at the
femoral neck was lower in the surgery group than that
in controls (MD —0.10 g/cmz; 95 % CI, —0.15 to —0.06;
p<0.001). However, in studies of whether BMI of the
surgical group at the time of BMD was equal to or
higher than that in the nonsurgical controls, the BMD
of surgical and nonsurgical groups did not differ (MD
-0.02 g/em?; 95 % CI, —0.05 to 0.01; p=0.238)

@ Springer

(Fig. 2). No difference in lumbar spine bone density
was found between the two groups (MD —0.01 g/cm?;
95 % CI, —0.07 to 0.05; p=0.661); the result was the
same when we divided the studies according to the dif-
ference in BMI at the time of BMD for the two groups
(Fig. 3).

The analysis of RYGB found BMI was lower in the
surgical group than in the nonsurgical group (MD
-5.80 kg/m?*; 95 % CI, —=10.80 to —0.79; p=0.023)
(Supplementary Fig. 2). The femoral neck bone density
was lower in the surgical group than in the nonsurgical
control group (MD —0.03 g/ecm?; 95 % CI, —0.06 to
—0.00; p=0.045); however, there was no difference in
BMD among the studies in which BMI of the surgery
group was equal to or higher than that of controls
(Fig. 4). Consistent with the analysis that did not con-
sider different types of surgical procedures, no differ-
ence in lumbar spine bone density was found between
the surgical and nonsurgical groups (MD —0.03 g/cm?;
95 % CI, —0.06 to 0.01; p=0.149); the results were the
same, regardless of the difference in BMI at the time of
BMD (Fig. 5). In a subgroup analysis of studies at a
time point two or more years after surgery, the MD in
BMD between RYGB and controls was not significant,
both at the femoral neck (MD —0.02 g/cm?; 95 % CI,
—0.05 to 0.01; p=0.235) (Supplementary Fig. 3) and
lumbar spine (MD —0.04 g/cm?; 95 % CI, —0.08 to
0.00; p=0.056) (Supplementary Fig. 4).

Discussion

Subjects who underwent bariatric surgery had a lower BMD
than nonoperated controls at the femoral neck, but there was
no difference in BMD at the lumbar spine between subjects
and controls. The result was the same, both in studies of dif-
ferent types of bariatric surgery and those of RYGB alone.
This is the first study to consider both the bariatric surgery
group and nonoperated controls in regard to BMD in a meta-
analysis.

Bariatric surgery may adversely affect bone. Weight loss
after surgery induces mechanical unloading, which, in turn,
affects the progress of bone loss, although some exceptions
exist [16—18]. However, some studies showed little associa-
tion between weight loss and bone loss, which warrant more
research on the mechanisms underlying this phenomenon [19,
20]. Secondary hyperparathyroidism may occur after surgery
due to the malabsorption of vitamin D and calcium [21].
However, there are some reports that BMD decreased signif-
icantly in the absence of changes in PTH or vitamin D levels
[18, 22]. Some biomarkers, including leptin and adiponectin,
may act as mediators between the surgery and the BMD
changes. Given the findings of in vitro studies that leptin could
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Fig. 1 Flow diagram for
identification of relevant studies

Identified studies from the databases using the keywords (n=1299):
PubMed (n=455), EMBASE (n=828), and Cochrane Library (n=16)

‘>< Excluding duplicate studies (n=244)

Studies after excluding duplicates (n=1055)

Excluded according to selection criteria
during 1t screening (n=1010)

Studies reviewed including the full text (n=45)

Excluded studies (n=35)
Not written in English (n=2)
Insufficient data (n=5)
No control group (n=27)
Bone density was not measured (n=1)

Studies included in the final analysis (n=10)

positively affect bone density by increasing bone formation
and decreasing resorption [23, 24], decreased leptin concen-
trations after bariatric surgery may affect bone loss due to the
loss of body fat mass [25]. Serum adiponectin levels were
inversely associated with BMD [26], and the increased level
of adiponectin after bariatric surgery may be related to bone
loss [5]. Yet, there are insufficient data on the actual mecha-
nisms relating these biomarkers and bone density in relation to
bariatric surgery.

There are several studies on the presence of
postbariatric surgery bone loss measured by BMD
changes. Recently, a meta-analysis of BMD after bariat-
ric surgery reported that mixed surgery, such as RYGB,
resulted in the reduction of BMD after 1 year, whereas
the effect of restrictive surgery, such as gastric banding,
on the BMD was not significant. That paper, however,
did not have a nonsurgical comparator group to serve as
a control for the effect of bariatric surgery itself.

We found that the decrease in BMD due to bariatric
surgery is only significant at the femoral neck and not
at the lumbar spine, regardless of the type of surgery. In
a subgroup analysis of studies considering whether the
BMI of the surgical group at the time of BMD was less
than that of controls, the bone density at the femoral
neck was lower in the surgery group, both for all types
of surgery and RYGB alone. When we focused on stud-
ies in which BMI of the surgery group was equal to or
higher than that of controls, BMD was not different at
either the femoral neck or lumbar spine, regardless of
the type of surgery. This finding suggests that the
weight loss caused by bariatric surgery predominantly
affects BMD at the femoral neck not the lumbar spine.
Some studies of bariatric surgery and subsequent bone

loss showed that surgery resulted in a decreased BMD
at the hip and unchanged BMD at the lumbar spine [16,
17]. There was a strong association between the extent
of weight loss and amount of bone loss at the hip, a
weight-bearing site. On the contrary, a more cancellous
lumbar spine may have been influenced by the anabolic
effect of slightly increased PTH, rather than being af-
fected by weight loss [17], which is consistent with our
findings. When we analyzed studies with a time point
after surgery >2 years, there was no difference in regard
to femoral neck and lumbar BMD between RYGB and
controls, which implies that weight loss has a greater
effect on bone density than the duration after bariatric
surgery. Weight loss eventually is accompanied by a
change in body composition, which varies according to
the type of bariatric surgery, and may act differently on
the change in BMD of different body regions [27, 28];
however, the association between the change in body
composition after bariatric surgery and that of BMD
remains unclear.

This study has several limitations. First, there was
heterogeneity among the studies included. Some studies
did not separate BMD of men and women, and the
samples included individuals of different ethnicity,
women at various stages of menopause, and various
surgical procedures. Some studies also lacked data for
initial BMI, had very small numbers of participants, or
had controls without identical follow-up periods. Most
of this heterogeneity is thought to be due to the differ-
ent types of surgery; therefore, we conducted subgroup
analysis with RYGB alone to overcome this limitation,
and the heterogeneity was reduced. Second, most of the
study designs were retrospective, which could not rule
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Study %
ID WMD (95% Cl) Weight

)
1.1 BMI, surgery < control :

'
Ott, 1992 —a 1 -0.12 (-0.24, 0.00) 4.88
de Vasconcelos, 2010 —_— -0.07 (-0.17, 0.03) 7.35
Hintze, 2014 _— -0.20 (-0.30, -0.10) 6.97
Yu, 2014 —a T -0.06 (-0.14, 0.02) 11.41
Subtotal (I-squared = 38.0%, p = 0.184) < -0.10 (-0.15, -0.06)  30.61

1

i
1.2 BMI, surgery = control :

1
Guney, 2003 L 0.02 (-0.53, 0.57) 0.24
Goode, 2004 —_— 0.00 (-0.06, 0.06) 20.49
Pereira, 2007 —— -0.06 (-0.15, 0.02) 9.76
Valderas, 2009 — -0.03 (-0.08, 0.03) 25.07
Costa, 2015 —_—— -0.00 (-0.08, 0.07) 13.82
Subtotal (I-squared = 0.0%, p = 0.784) -0.02 (-0.05, 0.01) 69.39

)

)
Heterogeneity between groups: p = 0.005 :
Overall (lI-squared = 44.6%, p = 0.071) 0 -0.05 (-0.07, -0.02) 100.00

'

)

I

T T L T T
-5 -2 -.050 .05 2 55

Fig. 2 Mean difference in femoral neck BMD between all types of surgery and controls (n=9, fixed effects model)

out the possibility of variable quality of surgical tech-  Third, the duration after surgery ranged from 9.8 months
nique, selection of participants according to the sur- to 10 years, which could decrease the homogeneity of
geon’s preference, or the subjects’ choice of treatment.  the studies. However, we conducted a subgroup analysis

Study
ID

1.1 BMI, surgery < control

1]
i
Ott, 1992 :.
Von Mach, 2004 =—
de Vasconcelos, 2010 —C—
Hintze, 2014 ——
Yu, 2014 ——
Subtotal (I-squared = 54.2%, p = 0.068)
[
I
1
l
I
- Il
—

1.2 BMI, surgery = control

Guney, 2003
Goode, 2004
Pereira, 2007 | —.—
Valderas, 2009 —C—
Costa, 2015 ——
Subtotal (I-squared = 77.3%, p = 0.001)

Overall (I-squared = 69.1%, p = 0.001)

NOTE: Weights are from random effects analysis

WMD (95% Cl)

0.20 (-0.79, 1.19)
-0.10 (-0.20, -0.01)
0.06 (-0.03, 0.16)
-0.14 (-0.27, -0.01)
-0.03 (-0.11, 0.05)
-0.05 (-0.12, 0.03)

-0.16 (-0.59, 0.27)
0.03 (-0.05, 0.11)
0.15 (0.07, 0.23)
-0.01(-0.11, 0.08)
-0.08 (-0.15, -0.01)
0.01(-0.08, 0.11)

-0.01 (-0.07, 0.05)

%
Weight

0.38
11.74
11.88
9.67
13.31
46.97

1.80

12.79
12.82
12.00
13.63
53.03

100.00

! T T
-5 -2-1

[ T
A2 =5

o k===

Fig. 3 Mean difference in lumbar BMD between patients who underwent surgeries and controls (n=10, random effects model)
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Study

1.1 BMI, surgery < control

Ott, 1992

de Vasconcelos, 2010
Yu, 2014
Subtotal (I-squared = 0.0%, p = 0.728)

1.2 BMI, surgery = control
Goode, 2004
Valderas, 2009

Costa, 2015

WMD (95% Cl)

-0.12 (-0.24, 0.00)
-0.07 (-0.17, 0.03)
-0.06 (-0.14, 0.02)
-0.08 (-0.13, -0.02)

0.00 (-0.06, 0.06)
-0.03 (-0.08, 0.03)
-0.00 (-0.08, 0.07)

%

Weight

5.88
8.85
13.74
28.47

24.68
30.20

16.65

Subtotal (I-squared = 0.0%, p = 0.765) > -0.01 (-0.05, 0.02) 71.53

Heterogeneity between groups: p = 0.059

Overall (I-squared = 0.0%, p = 0.450)

1
]
|
1
1
H
@ -0.03 (-0.06,-0.00)  100.00
i
1
1
:
T

T T T
-.15 = -.05 (0] .05 ol 15

Fig. 4 Mean difference in femoral neck BMD between patients who underwent Roux-en-Y gastric bypass and controls (n=6, fixed effects model)

of studies with of >2 years after RYGB, and the het-  reports to those published in English or to only certain
erogeneity among studies was much reduced. Fourth,  databases.

BMD is a surrogate marker for bone density, not an In conclusion, BMD at the femoral neck decreased after
endpoint, such as a fracture, which must be considered  bariatric surgery compared to that in nonsurgical controls,
before interpreting the results of the study. Finally, bias ~ but BMD at the lumbar spine did not show a difference be-
may occur if relevant studies are missed by restricting  tween the groups. Further larger scale studies with a

Study %
1D WMD (95% ClI) Weight
I
1.1 BMI, surgery < control E
Ott, 1992 r 0.20 (-0.79, 1.19) 0.12
Von Mach, 2004 —— -0.10 (-0.20, -0.01) 12.49
de Vasconcelos, 2010 —_—— 0.06 (-0.03, 0.16) 13.01
Yu, 2014 —— -0.03 (-0.11, 0.05) 20.58
Subtotal (I-squared =49.8%, p=0.113) €> -0.02 (-0.07, 0.03) 46.21
|
i
1.2 BMI, surgery = control ]
Goode, 2004 — 0.03 (-0.05, 0.11) 17.18
Valderas, 2009 —_— -0.01 (-0.11, 0.08) 13.47
Costa, 2015 —e— -0.08 (-0.15, -0.01) 23.14
Subtotal (I-squared = 48.5%, p = 0.143) -0.03 (-0.07, 0.02) 63.79

Heterogeneity between groups: p = 0.907
Overall (I-squared = 39.2%, p = 0.130) -0.03 (-0.06, 0.01) 100.00

T T LI T T
-5 -25-10 .1 .25 .5

Fig. 5 Mean difference in lumbar BMD between patients who underwent Roux-en-Y gastric bypass and controls (n=7, fixed effects model)
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prospective design and comparative nonsurgical controls are
warranted to strengthen the conclusions of this meta-analysis.
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