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Summary

This meta-analysis aimed to assess the effect of Roux-en-Y gastric bypass (RYGB) on
three-dimensionally assessed volumetric bone mineral density (vBMD) with the effect
of time on these changes, on bone quality, and the agreement of dual-energy X-ray
absorptiometry (DXA) with quantitative computed tomography (QCT) or high-
resolution peripheral QCT (HR-pQCT) estimates of bone loss. We searched PubMed,
Web of Science, Cochrane, Scopus, and EBSCO. Longitudinal studies on adults
undergoing RYGB in which vBMD was assessed by QCT or HR-pQCT with 26
months follow-up were included. Total hip (TH) changes were reported in four
studies, lumbar spine (LS) in eight, radius in eight, and tibia in seven. Significant
post-RYGB vBMD reductions occurred at all skeletal sites analyzed. Meta-regression
revealed that time post-RYGB was significantly associated with vBMD deterioration
in all skeletal sites except at the TH. RYGB also led to significant deterioration on
bone quality. DXA underestimated LS and overestimated TH bone losses post-RYGB.
In conclusion, RYGB was associated with significant vBMD loss, which makes
screening of bone mass progression by three-dimensional technology a crucial clinical

issue to prevent fracture risk and osteoporosis.
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1 | INTRODUCTION

Obesity is a major risk factor for non-communicable health problems,*
such as type 2 diabetes, nonalcoholic fatty liver disease, coronary
artery disease, obstructive sleep apnea, and osteoarthritis.? Its preva-
lence has tripled in the last four decades,? affecting approximately 2.1
billion adults worldwide* with serious health® and economic implica-
tions.® Severe obesity (body mass index [BMI] = 35 kg m™2), in particu-
lar, reduces median survival by 8-10years.” Bariatric surgery (BS) is
the most effective treatment for severe obesity,8 improving quality of
life,” mortality risk,’® and associated comorbidities.** Nevertheless,
despite its many cardiometabolic health benefits, epidemiological evi-
dence suggests that malabsorptive BS procedures, such as the
Roux-en-Y gastric bypass (RYGB), increase bone fracture risk.}? A
recent systematic review!® estimates that at a mean post-operative
follow-up of 2.2years, the risk of any fracture was 45% higher in
patients undergoing malabsorptive BS procedures compared to con-
trols with obesity and 61% higher compared to those undergoing
restrictive BS procedures. Several studies show that RYGB leads to an

increase in bone resorption*1°

and, consequently, to bone mass
loss® at several skeletal sites!” that tend to persist long after BS,'®
potentially compromising bone strength. Nevertheless, there is also
evidence that patients with obesity tend to have a higher bone mass
compared to normal weight counterparts’® and that, despite bone
mass losses, many post-BS patients maintain an areal bone mineral
density (aBMD) T score within the normal range (T score > — 1).2° This
suggests that increases in fracture risk observed in these patients
could result mostly from changes on other bone parameters besides
bone mass.

Most studies investigating the effect of BS on bone mass have
relied mostly on aBMD assessed by Dual-energy X-ray absorptiome-
try (DXA). This technique however can have substantial measure-
ment errors in this population due both to a large amount of
adipose tissue and the drastic changes in body size and composition
occurring after BS.2%?2 Additionally, bone fracture depends not only
on bone mass but also on bone quality?® that represents the sum of
all bone characteristics that influence its ability to resist a
fracture,2* most of which cannot be assessed with DXA. In opposi-
tion, imaging techniques based on the volumetric assessment [volu-
metric BMD (vBMD)] of bone mass and structure, such as
guantitative computed tomography (QCT) and high-resolution
peripheral QCT (HR-pQCT), overcome several of these limitations.?®
Since they are less affected by changes in body size and composi-
tion, they can provide a more accurate estimate of bone mass losses
in post-BS patients.?%?2 Importantly, they can also provide relevant
information on cortical and trabecular bone geometry and micro-
architecture®® that are paramount to understand the mechanisms
whereby RYGB increases fracture risk.

Previous meta-analyses of the effect of RYGB on bone mass
losst”2728 have all relied exclusively on DXA-derived estimates of
aBMD, which can lead to substantial measurement errors and are
unable to provide information on bone quality. Most of these pre-

vious studies also have very short follow-ups, usually between

1 and 2vyears. Consequently, and considering that a substantial
portion of the fracture risk in post-BS patients could result from
changes in bone quality parameters other than bone mass alone,?’
it is clinically relevant to accurately determine to what extent are
bone mass, geometry, and microarchitecture affected by RYGB.
This could improve post-BS patients' medical care and reduce
fracture risk.

The aims of this systematic review and meta-analysis with meta-
regression are to determine: (i) the effect of RYGB on vBMD, (ii) how
RYGB affects bone geometry and trabecular microarchitecture, and
(iii) the degree of agreement between estimates of aBMD and vBMD
losses following RYGB.

2 | METHODS

This systematic review and meta-analysis with meta-regression of lon-
gitudinal studies is registered at PROSPERO (CRD42021260106) and
was performed according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines®® (PRISMA

checklist presented as supporting information).

21 | Search strategy

To conduct the current systematic review, Pubmed®, Web of
Science®, Cochrane, Scopus®, and EBSCO® were searched from
inception to June 11, 2021. The supporting information Table S1 fully
details the search strategy. Relevant studies from reference lists of
included studies (snowball technique) were also screened. Two
authors independently performed the search (A.H.M, F.D.S) and indi-
vidually performed the eligibility criteria assessment through title and
abstract screening, and the full text was inspected whenever detailed
information was needed. Duplicate records were removed, and all
records of potential interest were saved to an Endnote database
(Endnote X9, Thomson Reuters, San Francisco, CA, USA). Disagree-
ments were resolved by a third author (L.V). After the final pool, full
texts were analyzed, and all relevant data were extracted. Disagree-
ments and ambiguity were resolved by discussion and consensus

among the authors.

2.2 | Eligibility criteria and studies selection

Studies were included using the following criteria: (i) Participants:
adults (aged 18-65) with BMI 2 35 kg m~?; (ii) Interventions: patients
submitted to RYGB that followed the standard post-BS medical care;
(iii) Comparators: same patients before BS; (iv) Outcomes: the primary
outcome was VBMD assessed at least one clinically relevant skeletal
site by either QCT (total hip [TH] or lumbar spine [LS]) or by HR-pQCT
(radius or tibia). Secondary outcomes were cortical and trabecular
bone microarchitecture variables from radius and tibia assessed by

HR-pQCT, namely: cortical vBMD, cortical porosity (Ct. Po), cortical
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thickness (Ct.Th), trabecular vBMD, trabecular number (Th.N), trabec-
ular separation (Th.Sp), trabecular thickness (Tb.Th), and trabecular
bone volume fraction (Tb.BV/TV), radius, and tibia failure load esti-
mated by finite element analysis as well as aBMD at the TH, LS, and
one-third radius assessed by DXA. The minimum follow-up between
pre-post intervention was 6 months since this is considered the mini-
mum length of time required to detect vBMD changes®!; and
(v) Study design: longitudinal studies (e.g., cohort, clinical trials, and
quasi-experimental). In cases where the studies included more than
one group, only the group exclusively involved in the standard medical
care after RYGB was considered for the analyses. Whenever the same
study sample and follow-up measurements were reported in different
studies, only the outcome from the study with the larger sample size

was used to avoid data overlap.

2.3 | Data extraction

Whenever available, the following data were extracted from each
study: author, year, sample size, sex, post-menopausal status, pre-BS
BMI, post-surgery nutritional and pharmacological interventions, bone
mass evaluation technique, and skeletal regions assessed. Data
regarding the outcomes of interest were collected at pre-BS and at all
available follow-up visits. Outcome data that were only available from
figures were extracted with WebPlotDigitizer (version 4.4; Pacifica,
CA, USA).1>20222932 gutcomes reported as the median and inter-
quartile range (IQR) were converted into mean and standard deviation
(SD) based on Wan and colleagues' formula.®® Whenever standard
error or confidence intervals (Cl) were reported as dispersion mea-
sures, SD was calculated according to the Cochrane-recommended
formulas.>* When outcomes were reported as absolute values, these
data were converted to percentage change by subtracting between
pre-and post-BS mean data and dividing by pre-BS data. More infor-
mation regarding data transformations to run this meta-analysis can
be found elsewhere (https://bit.ly/3syo95N). Two authors (A.H.M
and L.V) independently performed data extraction and discrepancies
were resolved by discussion with a third author (G.B). No authors
were contacted to obtain further information. The data file used to
perform the statistical analysis is presented in supporting information
Table S2.

2.4 | Studies quality assessment

The Quality Assessment Tool for Before-After (Pre-Post) Studies With
No Control Group®® developed by the National Heart, Lung and Blood
Institute (NHLBI) was used to evaluate the methodological quality of the
included studies. This tool comprises 12 items that can be answered with
either yes, no, cannot be determined, not applicable, or not reported.
Overall quality may be rated as good, fair, or poor. Study quality was
independently reviewed by two authors (A.H.M. and G.B), and disagree-

ments were resolved through discussion with a third author (F.D.S).

2.5 | Statistical analysis

Statistical analyses were conducted using the metafor package (ver-
sion 3.0-2)%¢ in the R statistical software (version 4.1.0; R Foundation
for Statistical Computing, Vienna, Austria). Three-level random-effects
hierarchical meta-analysis models were used to estimate the pre-post
mean percentage difference with 95% CI for all outcomes. As the
model can deal with hierarchically structured data, more than one
follow-up time point from the same study could be included.®” The
Z test was used to assess the overall effect with statistical significance
set at p < 0.05.

Heterogeneity present in each analysis of the primary outcomes
was initially assessed by the I? statistic,>® which estimates the amount
of heterogeneity relative to the total amount of variance in the
observed effects excluding variance from sampling error. Heterogene-
ity, according to I%, was qualitatively rated as 0-40% not important,
30-60% moderate, 50-90% substantial, and 75-100% consider-
able.®” Furthermore, since the meta-analytic models applied to
encompass three hierarchical levels, the total variance sources were
decomposed into (i) random sampling error, (i) variance within studies
(due to time effect), and (jii) variance between studies.

Meta-regressions were also used to explore the potential effect
of several relevant moderators on bone mass and microarchitecture
change after RYGB. Due to their clinical significance, body composi-
tion variables, such as percentage of body mass loss, lean mass loss,
and fat mass loss after RYGB, were initially explored in these ana-
lyses but were not included due to the low number of studies avail-
able for any of the primary outcomes. The only moderator with
sufficient data to perform the meta-regression was the time after
RYGB, and therefore, its influence was tested for all clinically rele-
vant skeletal sites. The proportion of total variance explained by the
predictor (time after RYGB) was reported as a pseudo-R? and com-

puted as

2 _ 2
R2 — "RE _"MR
2
TRE

where 72¢ is the heterogeneity based on the random-effects model
and rf,,R is the amount of heterogeneity based on the meta-regression
model.

Finally, to evaluate whether there were differences in the estima-
tion of bone mass losses following RYGB assessed by 2D (aBMD;
DXA) and 3D (vBMD; QCT or HR-pQCT) techniques, the mean per-
centage change differences were computed by subtracting the post-
RYGB vBMD change assessed by 3D techniques from aBMD change
obtained with DXA. To be included in this analysis, studies must have
assessed BMD in at least one of three designated skeletal regions
(TH, LS, or radius) by both 2D and 3D techniques. The same three-
level random-effects hierarchical model structure was used to pool
the effect sizes in this analysis.

The publication bias assessment was not conducted following the

recommendations for analysis involving less than 10 studies.*%#*
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2.6 | Strength of the body of evidence assessment
The Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) approach was used for assessing the certainty of
the evidence for the primary outcomes.*>*® GRADE (rating from 1 to
4) evaluation started with the maximum rate, but as only longitudinal
studies were considered in the analysis, all outcomes were
downgraded into two levels by default. Other domains presenting
serious limitations were also downgraded by one level. Certainty of
the evidence was independently reviewed by two authors (A.H.M.,
and F.D.S.), and disagreements were resolved through discussion with
a third author (G.B).

3 | RESULTS

3.1 | Study selection and characteristics

Table 1 provides the details of the included studies. A total of
151 articles were initially identified from the literature searches
(149 from databases and 2 from citation searching). Of these,
54 remained after removing duplicates, of which 30 were excluded
based on title and abstract, and 11 were excluded during a full-text
assessment. The main reasons for exclusion were: (i) lack of longitudi-
nal design (n=1>5), (ii) reports derived from the same original study
with substantial data reporting overlap (n = 5), and (iii) no assessment
of any of the primary outcome measures (n = 1). Fourteen studies met
the inclusion criteria and were included in the systematic review
(Figure 1).

All pooled studies were published between 2014 and 2021. The
sample size of the studies varied between 7 and 45 patients, and most
studies included both women and men, except for 3 studies in which
only women were included.??***° The participants' average age ranged
between 41 and 58 years and pre-BS average BMI ranged between
37 and 48kgm~2 In most studies, usual post-BS medical care
included multivitamin nutritional supplements. DXA and QCT were
used in most of the studies, except for two studies>** in which only
QCT was used. Post-BS follow-up time ranged from 6 to 84 months.
The weighted mean follow-up time calculated according to weight
attributed to each study in the meta-analysis was 14.2, 11.9, 10.9, and
10.8 months at TH, LS, radius, and tibia, respectively.

3.2 | Methodological quality assessment

Using the NHLBI quality assessment tool, nine studies were rated as
good,1415:22:29:82:44-46.50.51 £ 55 fair,2%4”~4? and none as poor. The
main limitations detected were related to the lack of a priori calcula-
tion of the sample size and low statistical power, lack of blinding dur-
ing outcomes assessment, high dropouts, and limitations with
statistical analyses. A detailed description of the risk of bias assess-

ment is reported in supporting information Table S3.

3.3 | vBMD changes at TH, LS, radius, and tibia
after RYGB
3.3.1 | Overall effect

Figure 2 shows the vBMD mean percentage change after RYGB on
the several skeletal regions of interest. There was a significant vBMD
reduction after RYGB at the TH (—3.4% [95% ClI —5.9 to -0.8]; p=
0.009), LS (—6.3% [95% Cl —9.8 to —2.8]; p <0.001), radius (—6.6%
[95% Cl —11.3 to —2.0]; p =0.005), and tibia (—7.5% [95% CI —11.6
to —3.3]; p < 0.001).

3.3.2 | Sensitivity analysis

The heterogeneity for the analyses of the overall effects (Figure 2)
regarding TH, LS, radius, and tibia was 71%, 95%, 99%, and 98%
respectively. The heterogeneity decomposition revealed that 91.3%
of the variance in LS vBMD changes derived from the between-
studies differences, while 70.8% of the variance in TH, 98.7% in
radius, and 98.2% in tibia was explained by the time effect
(supporting information Table S4). Since the variance derived from
between-studies differences in LS was considerable, and it was
observed that the study®’
diverged from the others, a sensitivity analysis excluding this study
Table S4). After

removing this study, the difference between studies' heterogeneity

results of one substantially

was conducted (supporting information
decreased from 91.3% to 73% while the overall effect was not

affected.

3.3.3 | Meta-regression

A meta-regression to evaluate the effect of the follow-up time
on vBMD decreases after RYGB was performed (Figure 3). The
time after RYGB was significantly associated with a
vBMD reduction at the LS (p=0.009; R?=0.18), radius (p < 0.001;
R?=0.84), and tibia (p<0.001; R>=0.97) but not at the TH
(p = 0.698; R% =0.00).

3.34 | Certainty of evidence

The certainty of the evidence for each outcome using the GRADE
approach is presented in Table 2. The certainty of post-RYGB vBMD
estimated changes was graded as (i) low at the TH because no serious
limitations were observed in any domain; (ii) very low certainty at the
LS due to serious limitations detected in an inconsistency;
(iii) moderate certainty at the radius and the tibia because no serious
limitations were observed in any domain, and the strength of evidence
was upgraded in one level based on “dose-response gradient”

presence.
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[ Identification of studies via databases and registers ] Identification of studies via other methods ] FIGURE 1 Flow diagra m of StUdY
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3.4 | Bone quality changes at the distal radius and
tibia after RYGB

Cortical and trabecular bone microarchitecture changes after RYGB at
the distal radius and tibia are depicted in Figures 4 and 5, respectively.
The effect sizes of each outcome for both skeletal sites are summa-
rized in supporting information Table S5. After RYGB, there was a sig-
nificant reduction of the cortical (p = 0.033) and trabecular (p = 0.020)
vBMD at the radius and a non-significant trend for a decrease in the
cortical (p = 0.060) and a significant decrease in the trabecular vBMD
(p=0.011) at the tibia. Post-RYGB, Ct.Po increased significantly at
the radius (p =0.001) and tibia (p =0.023), while Ct.Th significantly
decreased at the radius (p <0.001) and tibia (p < 0.001). Significant
decreases in Tb.N were also found at the radius and tibia (in all p <
0.01), while Tb.Sp was also significantly increased at both radius and
tibia (in all p <0.001). No significant changes were observed on both
Tb.Th and Th.BV/TV either at the radius or tibia (p > 0.05). No signifi-
cant changes in trabecular failure load after RYGB at any skeletal sites
were also observed (p > 0.05).

3.5 | Comparison of BMD assessment techniques:
2D (DXA\) versus 3D (QCT and HR-pQCT)

BMD measurement differences regarding 3D and 2D techniques at the
TH, LS, and radius are presented in Figure 6. Four studies were used to
compare both techniques at TH,2%?2%2°1 ysing data from 12 and 24

months of follow-up, three at the radius,**?%*° with data from 6, 9,

Time after surgery (months)

12, and 48 months of follow-up and six at the LS, 42022324551 with data
from 6, 12, and 24 months of follow-up. BMD reductions following
RYGB at the TH assessed by DXA were significantly larger than those
assessed by QCT (—5.5% [95% Cl —7.7 to —3.2]; p < 0.001). In opposi-
tion, BMD reductions at the LS assessed by DXA were significantly
lower than those identified by QCT (4.7% [95% Cl 0.7 to 8.7]; p < 0.001).
There were no differences between BMD changes assessed by DXA and
QCT at the radius (2.7% [95% Cl —2.7 to 8.1]; p = 0.332).

4 | DISCUSSION

This systematic review and meta-analysis with meta-regression aimed
to assess the effect of RYGB on skeletal health by determining how
vBMD assessed by QCT or HR-pQCT and bone quality parameters
change following surgery. The main study findings indicate that, after
RYGB, there are significant vBMD losses at the TH, LS, radius, and
tibia. Importantly, higher vBMD losses at LS, radius, and tibia were
identified with longer follow-ups. Bone quality was also negatively
affected by RYGB as shown by the deterioration of almost all cortical
and trabecular bone parameters assessed at the radius and tibia. Due
to the caveats of DXA-derived aBMD measurements in post-BS
patients,?? we also sought to determine the differences in aBMD
assessed by DXA and vBMD assessed by QCT or HR-pQCT in these
patients. Having QCT and HR-pQCT as a reference, DXA was found
to significantly underestimate LS and to overestimate TH post-RYGB
BMD losses. This is clinically relevant since therapeutic decisions are

largely based on aBMD estimates of bone mass.
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FIGURE 4 Bone quality mean percentage change after RYGB at

the radius
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FIGURE 6 Differences between BMD
assessment techniques (DXA versus QCT and HR-
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vBMD decreases overestimated by DXA

To the best of our knowledge, this is the first meta-analysis focus-
ing on the effect of RYGB on vBMD. Our findings revealed that RYGB
induces a significant vBMD reduction, which is in line with previous
meta-analyses assessing bone mass after surgery through DXA.
Rodriguez-Carmona and colleagues?” reported that, at the end of the
first year after surgery, patients submitted to mixed restrictive and
malabsorptive procedures (e.g., biliopancreatic diversion and RYGB)
displayed an aBMD reduction at central skeletal sites. Similar results
were also reported when only studies involving RYGB were consid-
ered.’” Yu®? also reported DXA hip aBMD decreases ranging from
5to 11% in the TH and 3 to 7% in the LS but an unclear effect at the
radius at the first follow-up year after RYGB. Our results also showed
that approximately 1 year after RYGB a rapid decline of vBMD tended
to occur at the TH (0.8% to 5.9%) as well at the LS (2.8% to 9.8%).
Nevertheless, our results also show substantial vBMD losses at the
radius and tibia. These findings show that, not only central skeletal
sites but also the appendicular skeleton is negatively affected by
RYGB, including a non-weight-bearing skeletal site such as the radius.
This is particularly interesting, since several authors have proposed
that the decrease of mechanical loading resulting from the substantial
weight loss might be the main factor for RYGB-induced bone loss, at
least during the massive weight loss phase that typically occurs
throughout the first year after surgery.>> > By contrast, our results
support recent findings showing that gravitational loading changes to
which RYGB patients are exposed during the first year after surgery
do not fully explain the typically observed bone losses.>® This suggests
that the detrimental effect of RYGB on BMD is mostly systemic in
nature. Although incompletely understood, factors such as nutritional
malabsorption, energy deficits, and changes in adipose and gastroin-
testinal hormones could be the main contributors to RYGB-induced
bone loss.>”~>?

A relevant finding of the present study indicates that vBMD reduc-
tions observed following RYGB seem to worsen for higher follow-up
times, suggesting a cumulative deleterious effect throughout the years
after surgery. Our meta-regression analysis estimated that, on average,
the annual vBMD losses at the LS, radius, and tibia are 5.0%, 2.8%, and
2.7%, respectively. It is important to highlight that this average bone
loss rate can only be assumed within the analyzed time frame, which is
from 6 months to 2years for LS, and from 6 months to 7 years for
radius and tibia. This time effect was not observed at the TH, possibly

due to the scarce number of available studies with sufficient follow-up

vBMD decreases underestimated by DXA

data on this specific skeletal site. The time effect on vBMD was found
to be more consistent at the radius and tibia, as these were the skeletal
sites for which there were reports with longer follow-ups. Our meta-
regression models allowed us to estimate, with some confidence, that
vBMD at the radius and tibia may decrease up to values between
15 and 25% 7 years after RYGB, going well beyond what would be
expected due to the effect of aging alone.®® These findings are particu-
larly worrisome considering that most patients undergo BS at their
40s°! and provide a rationale for why RYGB not only increases the risk
of major osteoporotic fractures but does so in a time-dependent man-
ner, with a more pronounced fracture risk increase occurring since the
third-to-fifth year after surgery.!?62%* Moreover, Ahlin and col-
leagues'? recently published a non-randomized prospective controlled
intervention with up to 26 years of follow-up and found a significant
trend towards a higher cumulative incidence of major osteoporotic
fractures over the years. These authors found a 3.77-fold increase in
major osteoporotic fracture risk in patients undergoing RYGB com-
pared with counterparts with severe obesity.*?

The increase in bone fracture risk that occurs after BS may not
only be due to substantial decreases on bone quantity (bone mass)
but also due to a concomitant impairment of its quality.?> We
aggregated data from the studies that assessed bone micro-
architecture through HR-pQCT. By pooling the effect size of these
studies, it was possible to observe an expressive deterioration on
cortical and trabecular parameters both at the radius and tibia after
RYGB. Cortical porosity seems to be one of the most expressive
RYGB side effects, which is particularly problematic since bone
strength declines as a seventh power function of the increase in this
parameter,®> which may lead to a considerable increase in the risk
of fracture.® Trabecular bone tissue was also affected as seen
through the trabecular number reduction and trabecular separation
increase, which are also important bone quality paraments for frac-
ture risk prediction, even after adjustment for BMD.%” Although an
overall deterioration of bone microarchitecture was observed, this
was not reflected on a failure load reduction, at both the radius and
tibia. It must be considered that the estimation of bone failure load
reduction through finite element analysis has a higher variability
compared to the other bone quality variables, which may conceal
the true effect of BS on this bone strength outcome. The analysis
of the bone microarchitectural alterations following BS is important

for understanding the bone fracture risk in these patients since,
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despite bone mass losses, several studies report a relatively low inci-
dence of T scores < — 2.5 according to DXA standards.>®® There-
fore, the observed increase in bone fracture risk is not just due to
bone mass loss but also due to impairments in bone quality, leading
to a reduction in bone strength.

We explored potential discrepancies between 2D (i.e. DXA) ver-
sus 3D BMD assessment techniques. Despite the limited number of
available studies, we observed that, compared to 3D techniques, DXA
tends to overestimate bone losses at the TH and to underestimate
losses at the LS, while no differences were observed for the radius. It
is important to keep in mind that although the magnitude of the
changes in aBMD and vBMD at TH and LS are different, these
changes point in the same direction, that is, both skeletal sites pres-
ented an accentuated bone loss after RYGB. Interestingly, a study
showed that the percent change in aBMD after adding fat layers
decreases at LS and presents a trend for an increase at the TH.2* The
effect of fat mass on DXA accuracy may vary with the device manu-
facturer and model, %7772 but the massive fat loss occurring after BS
may progressively diminish the DXA assessment error. This may lead
to the overestimation of actual BMD loss at the TH and to the under-
estimation at the LS found in the present meta-analysis. In contrast,

more advanced imaging techniques’>74

seem to be less affected by
body composition changes, due to the sensitivity of the device.?! The
technical reasons that may explain the BMD magnitude discrepancies
reported by DXA are not clear but might be related to changes on
several parameters prompted by BS, namely the amount of fat,?%”>
inhomogeneity of soft tissue,”® amount and bone marrow composi-
77,78

tion and artifact magnification such as bone distance from the X-

ray source and detector array.”” QCT and HR-pQCT are more precise

2125 since they

techniques for the detection of changes in bone mass
measure the real vBMD (in three dimensions) and differentiate soft
tissue during bone density calculation, making them less susceptible
to changes in body composition.?!

These findings have relevant clinical implications, underlying the
importance of screening bone mass and bone quality progression
and highlighting the essential role of preventive strategies to pre-
clude the premature development of bone fragility and consequent
increase in fracture risk in post-RYGB patients. The therapeutic
options that have been proposed are based on nutritional, physical
exercise, and pharmacological interventions.®° Although current find-
ings seem to suggest that these options may mitigate RYGB-induced
bone deterioration, due to the very low strength of evidence, no
final conclusion can be drawn about the best treatment strategy
that should be followed, emphasizing the urgency of further investi-
gation on this research field.818% It should also be mentioned that
RYGB is no longer the most frequently performed BS procedure
worldwide since 2014, being surpassed by the sleeve gastrectomy,®*
which is mainly based on a restrictive component. Although most of
the evidence indicates that restrictive procedures have a lower
impact on fracture risk compared to RYGB,%*® recent findings
showed that an increased fracture rate may be observed on the
long term.'? Therefore, further investigation is warranted regarding

the effect of BS on bone health in other surgical procedures, such

as the sleeve gastrectomy,®® which is currently the mostly per-
formed BS technique, as well as new procedures that are rapidly
gaining momentum in BS clinical practice.

The present study has limitations that must be underlined. First,
our results regarding bone mass losses at the LS should be interpreted
with caution due to the high heterogeneity identified between stud-
ies. Second, we did not include a comparator group in our analyses,
and therefore, some of the changes in bone mass and quality
observed might also reflect the effect of ageing. Third, differences in
BMD observed between DXA and QCT/HR-pQCT should also be
interpreted with caution since, although both procedures grossly
assess the same skeletal region (TH, LS, or radius), the specific region
of interest under analysis may not coincide, as for the case of the
radius, which may contribute, at least partially, to the disagreement
identified between 2D and 3D imaging techniques.®” However, this
meta-analysis also presents several strengths, such as the use of a
three-level hierarchical random effects meta-analytic model. This
model allowed us to include data from multiple follow-up periods of
the same study permitting, therefore, to decompose the heterogene-
ity and determine the amount of variance explained by follow-up time
after RYGB. More importantly, the meta-regression models also
allowed us to quantify this time effect and to estimate the yearly aver-
age amount of bone loss experienced by patients following BS, which
may be an important information in clinical practice.

5 | CONCLUSION

The main findings of this systematic review and meta-analysis with
meta-regression indicate that, after RYGB, there is a significant
vBMD loss at the TH, LS, radius, and tibia. Importantly, there was an
estimated annual vBMD loss of 5.0% at the LS, 2.8% at the radius,
and 2.7% at the tibia during the assessed follow-up time after RYGB.
Bone quality is also negatively affected by RYGB as shown by the
deterioration of almost all cortical and trabecular bone parameters
assessed at the radius and tibia. We also sought to determine the dif-
ferences in aBMD assessed by DXA and vBMD assessed by QCT or
HR-pQCT in these patients. With QCT and HR-pQCT as a reference,
DXA significantly underestimated LS and overestimated TH post-BS
BMD losses.

CONFLICT OF INTEREST

The authors have no conflicts of interest to declare.

ORCID

Alba Herndndez-Martinez "2 https://orcid.org/0000-0001-5234-7530
https://orcid.org/0000-0003-0562-5803
https://orcid.org/0000-0003-2974-6343
https://orcid.org/0000-0002-4626-

Lucas Veras
Giorjines Boppre
Alberto Soriano-Maldonado
420X

José Oliveira "2 https://orcid.org/0000-0002-1829-4196
https://orcid.org/0000-0001-9042-383X

https://orcid.org/0000-0002-9002-8976

Floréncio Diniz-Sousa

Hélder Fonseca


https://orcid.org/0000-0001-5234-7530
https://orcid.org/0000-0001-5234-7530
https://orcid.org/0000-0003-0562-5803
https://orcid.org/0000-0003-0562-5803
https://orcid.org/0000-0003-2974-6343
https://orcid.org/0000-0003-2974-6343
https://orcid.org/0000-0002-4626-420X
https://orcid.org/0000-0002-4626-420X
https://orcid.org/0000-0002-4626-420X
https://orcid.org/0000-0002-1829-4196
https://orcid.org/0000-0002-1829-4196
https://orcid.org/0000-0001-9042-383X
https://orcid.org/0000-0001-9042-383X
https://orcid.org/0000-0002-9002-8976
https://orcid.org/0000-0002-9002-8976

120014 | WILEY_9BESITY

HERNANDEZ-MARTINEZ €T AL.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Nyberg ST, Batty GD, Pentti J, et al. Obesity and loss of disease-free
years owing to major non-communicable diseases: a multicohort
study. Lancet Public Health. 2018;3(10):e490-e497. doi:10.1016/
S$2468-2667(18)30139-7

Heymsfield SB, Wadden TA. Mechanisms, Pathophysiology, and Man-
agement of Obesity. N Engl J Med. 2017;376(3):254-266. doi:10.
1056/nejmral514009

World Health Organization. Obesity and overweight. https://www.
who.int/news-room/fact-sheets/detail/obesity-and-overweight. Pub-
lished 2021. Accessed April 28, 2022.

Khan SS, Ning H, Wilkins JT, et al. Association of body mass index
with lifetime risk of cardiovascular disease and compression of mor-
bidity. JAMA Cardiol. 2018;3(4):280-287. doi:10.1001/jamacardio.
2018.0022

Di Angelantonio E, Bhupathiraju SN, Wormser D, et al. Body-
mass index and all-cause mortality: individual-participant-data
meta-analysis of 239 prospective studies in four continents.

Lancet. 2016;388(10046):776-786. doi:10.1016/50140-6736(16)
30175-1
Vuik S, Lerouge A, Guillemette Y, Feigl A, Aldea A. The economic

burden  of November  2019:74-100. 10.1787/
6CC2AACC-EN

Prospective Studies Collaboration, Whitlock G, Lewington S, et al.
Body-mass index and cause-specific mortality in 900 000 adults:
collaborative analyses of 57 prospective studies. Lancet. 2009;
373(9669):1083-1096. doi:10.1016/50140-6736(09)60318-4
Arterburn DE, Telem DA, Kushner RF, Courcoulas AP. Benefits and
risks of bariatric surgery in adults: a review. JAMA - J Am Med Assoc.
2020;324(9):879-887. doi:10.1001/jama.2020.12567

Bruschi Kelles SM, Machado CJ, Barreto SM. Before-and-after study:
does bariatric surgery reduce healthcare utilization and related costs
among operated patients? Int J Technol Assess Health Care. 2016;
31(6):407-413. doi:10.1017/50266462315000653

Carlsson LMS, Sjoholm K, Jacobson P, et al. Life expectancy after
bariatric surgery in the Swedish obese subjects study. N Engl J Med.
2020;383(16):1535-1543. doi:10.1056/nejmoa2002449

Schauer PR, Bhatt DL, Kirwan JP, et al. Bariatric surgery versus inten-
sive medical therapy for diabetes—5-year outcomes. N Engl J Med.
2017;376(7):641-651. doi:10.1056/nejmoal600869

Ahlin S, Peltonen M, Sjéholm K, et al. Fracture risk after three bariat-
ric surgery procedures in Swedish obese subjects: up to 26 years
follow-up of a controlled intervention study. J Intern Med. 2020;
287(5):546-557. doi:10.1111/joim.13020

Saad RK, Ghezzawi M, Habli D, Alami RS, Chakhtoura M. Fracture risk
following bariatric surgery: a systematic review and meta-analysis.
Osteoporos Int. 2022;33(3):511-526. doi:10.1007/s00198-021-
06206-9

Schafer AL, Kazakia GJ, Vittinghoff E, et al. Effects of gastric bypass
surgery on bone mass and microarchitecture occur early and particu-
larly impact postmenopausal women. J Bone Miner Res. 2018;33(6):
975-986. doi:10.1002/JBMR.3371

Ivaska KK, Huovinen V, Soinio M, et al. Changes in bone metabolism
after bariatric surgery by gastric bypass or sleeve gastrectomy. Bone.
2017;95:47-54. doi:10.1016/J.BONE.2016.11.001

Saad R, Habli D, El Sabbagh R, Chakhtoura M. Bone health following
bariatric surgery: an update. J Clin Densitom off J Int Soc Clin Densitom.
2020;23(2):165-181. doi:10.1016/j.jocd.2019.08.002

Liu C, Wu D, Zhang JF, et al. Changes in bone metabolism in morbidly
obese patients after bariatric surgery: a meta-analysis. Obes Surg.
2016;26(1):91-97. doi:10.1007/s11695-015-1724-5

Raoof M, Naslund |, Rask E, Szabo E. Bone Mineral Density, Parathy-
roid hormone and vitamin D after gastric bypass surgery: a 10-year
longitudinal follow-up. Obes Surg. 2020;30(12):4995-5000. doi:10.
1007/511695-020-04912-7

obesity.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Maimoun L, Renard E, Humbert L, et al. Modification of bone mineral
density, bone geometry and volumetric BMD in young women with
obesity. Bone. 2021;150:116005. doi:10.1016/j.bone.2021.116005
Yu E, Bouxsein ML, Putman MS, et al. Two-year changes in bone den-
sity after Roux-en-Y gastric bypass surgery. J Clin Endocrinol Metab.
2015;100(4):1452-1459. doi:10.1210/JC.2014-4341

Yu EW, Thomas BJ, Brown JK, Finkelstein JS. Simulated increases in
body fat and errors in bone mineral density measurements by DXA
and QCT. J Bone Miner Res. 2012;27(1):119-124. doi:10.1002/
JBMR.506

Yu EW, Bouxsein ML, Roy AE, et al. Bone loss after bariatric surgery:
discordant results between DXA and QCT bone density. J Bone Miner
Res. 2014;29(3):542-550. doi:10.1002/jbmr.2063

Fonseca H, Moreira-Gongalves D, Coriolano HJA, Duarte JA. Bone
quality: the determinants of bone strength and fragility. Sports Med.
2014;44(1):37-53. doi:10.1007/540279-013-0100-7

Bouxsein ML. Bone quality: where do we go from here? Osteoporos
Int. 2003;14(Suppl 5):118-127. doi:10.1007/s00198-003-1489-x

van den Bergh JP, Szulc P, Cheung AM, Bouxsein M, Engelke K,
Chapurlat R. The clinical application of high-resolution peripheral
computed tomography (HR-pQCT) in adults: state of the art and
future directions. Osteoporos Int. 2021;32(8):1465-1485. doi:10.
1007/500198-021-05999-Z

Engelke K, Adams JE, Armbrecht G, et al. Clinical use of quantitative
computed tomography and peripheral quantitative computed tomog-
raphy in the management of osteoporosis in adults: the 2007 ISCD
official positions. J Clin Densitom. 2008;11(1):123-162. doi:10.1016/J.
JOCD.2007.12.010

Rodriguez-Carmona Y, Lopez-Alavez FJ, Gonzalez-Garay AG, Solis-
Galicia C, Melendez G, Serralde-Zuniga AE. Bone mineral density
after bariatric surgery. A systematic review. Int J Surg. 2014;12(9):
976-982. doi:10.1016/].ijsu.2014.08.002

Ko BJ, Myung SK, Cho KH, et al. Relationship between bariatric sur-
gery and bone mineral density: a meta-analysis. Obes Surg. 2016;
26(7):1414-1421. doi:10.1007/s11695-015-1928-8

Krez A, Agarwal S, Bucovsky M, et al. Long-term bone loss and deteri-
oration of microarchitecture after gastric bypass in African American
and Latina women. J Clin Endocrinol Metab. 2021;106(4):e1868-
€1879. doi:10.1210/CLINEM/DGAA654

Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation and
elaboration: updated guidance and exemplars for reporting systematic
reviews. BMJ. 2021;372:n160. doi:10.1136/bmj.n160

Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR.
American College of Sports Medicine Position Stand: physical activity
and bone health. Med Sci Sports Exerc. 2004;36(11):1985-1996.
doi:10.1249/01.MSS.0000142662.21767.58

Bredella MA, Greenblatt LB, Eajazi A, Torriani M, Yu EW. Effects of
Roux-en-Y gastric bypass and sleeve gastrectomy on bone mineral
density and marrow adipose tissue. Bone. 2017;95:85-90. doi:10.
1016/J.BONE.2016.11.014

Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and stan-
dard deviation from the sample size, median, range and/or inter-
quartile range. BMC Med Res Methodol. 2014;14(1):135. doi:10.1186/
1471-2288-14-135

Higgins JP, Li T, Deeks JJ. Chapter 6: choosing effect measures and
computing estimates of effect|Cochrane training. https://training.
cochrane.org/handbook/current/chapter-06. Accessed October 7,
2021.

National Heart L and BI. The quality assessment tool for before-after
(pre-post) studies with no control group.

Viechtbauer W. Conducting meta-analyses in R with the metafor
package. J Stat Softw. 2010;36(1):1-48. doi:10.18637/JS5.V036.103
Cheung MW-L. Modeling dependent effect sizes with three-level
meta-analyses: a structural equation modeling approach. Psychol
Methods. 2014;19(2):211-229. doi:10.1037/A0032968


info:doi/10.1016/S2468-2667(18)30139-7
info:doi/10.1016/S2468-2667(18)30139-7
info:doi/10.1056/nejmra1514009
info:doi/10.1056/nejmra1514009
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
info:doi/10.1001/jamacardio.2018.0022
info:doi/10.1001/jamacardio.2018.0022
info:doi/10.1016/S0140-6736(16)30175-1
info:doi/10.1016/S0140-6736(16)30175-1
info:doi/10.1787/6CC2AACC-EN
info:doi/10.1787/6CC2AACC-EN
info:doi/10.1016/S0140-6736(09)60318-4
info:doi/10.1001/jama.2020.12567
info:doi/10.1017/S0266462315000653
info:doi/10.1056/nejmoa2002449
info:doi/10.1056/nejmoa1600869
info:doi/10.1111/joim.13020
info:doi/10.1007/s00198-021-06206-9
info:doi/10.1007/s00198-021-06206-9
info:doi/10.1002/JBMR.3371
info:doi/10.1016/J.BONE.2016.11.001
info:doi/10.1016/j.jocd.2019.08.002
info:doi/10.1007/s11695-015-1724-5
info:doi/10.1007/s11695-020-04912-7
info:doi/10.1007/s11695-020-04912-7
info:doi/10.1016/j.bone.2021.116005
info:doi/10.1210/JC.2014-4341
info:doi/10.1002/JBMR.506
info:doi/10.1002/JBMR.506
info:doi/10.1002/jbmr.2063
info:doi/10.1007/S40279-013-0100-7
info:doi/10.1007/s00198-003-1489-x
info:doi/10.1007/S00198-021-05999-Z
info:doi/10.1007/S00198-021-05999-Z
info:doi/10.1016/J.JOCD.2007.12.010
info:doi/10.1016/J.JOCD.2007.12.010
info:doi/10.1016/j.ijsu.2014.08.002
info:doi/10.1007/s11695-015-1928-8
info:doi/10.1210/CLINEM/DGAA654
info:doi/10.1136/bmj.n160
info:doi/10.1249/01.MSS.0000142662.21767.58
info:doi/10.1016/J.BONE.2016.11.014
info:doi/10.1016/J.BONE.2016.11.014
info:doi/10.1186/1471-2288-14-135
info:doi/10.1186/1471-2288-14-135
https://training.cochrane.org/handbook/current/chapter-06
https://training.cochrane.org/handbook/current/chapter-06
info:doi/10.18637/JSS.V036.I03
info:doi/10.1037/A0032968

HERNANDEZ-MARTINEZ €T AL.

OBESITY

—Wl LEY 13 of 14

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med. 2002;21(11):1539-1558. doi:10.1002/sim.1186
Deeks J, Higgins JPT, Altman DG. In: Higgins JPT, Thomas J,
Chandler J, et al., eds. Chapter 10: Analysing Data and Undertaking
Meta-analyses|Cochrane Handbook for Systematic Reviews of Interven-
tions. 2nd ed. John Wiley & Sons; 2019 https://training.cochrane.
org/handbook/current/chapter-10. Accessed December 23, 2021.
Sedgwick P, Marston L. How to read a funnel plot in a meta-analysis.
BMJ. 2015;351:h4718. doi:10.1136/BMJ.H4718

Sterne JAC, Sutton AJ, loannidis JPA, et al. Recommendations for
examining and interpreting funnel plot asymmetry in meta-analyses
of randomised controlled trials. BMJ. 2011;343(7818):1-8. doi:10.
1136/bm;j.d4002

Schinemann H, Brozek J, Guyatt GO. GRADE handbook for grading
quality of evidence and strength of recommendations. https://gdt.
gradepro.org/app/handbook/handbook.html. Published 2013.
Accessed April 28, 2022.

Schiinemann HJ, Higgins JPT, Vist GE, et al. On behalf of the
Cochrane GRADEing Methods Group (formerly Applicability and Rec-
ommendations Methods Group) and the Cochrane Statistical
Methods GroupCompleting ‘summary of findings’ tables and grading
the certainty of the evidence. In: Cochrane Handbook for Systematic
Reviews of Interventions. 2nd ed. John Wiley & Sons; 2019:375-402.
doi:10.1002/9781119536604.ch14.

Beekman KM, Akkerman EM, Streekstra GJ, et al. The effect of Roux-
en-Y gastric bypass on bone marrow adipose tissue and bone mineral
density in postmenopausal, Nondiabetic Women. Obesity. 2021;
29(7):1120-1127. doi:10.1002/0BY.23171

Brzozowska MM, Tran T, Bliuc D, et al. Roux-en-Y gastric bypass and
gastric sleeve surgery result in long term bone loss. Int J Obes (Lond).
2021;45(1):235-246. doi:10.1038/541366-020-00660-X

Frederiksen KD, Hanson S, Hansen S, et al. Bone structural changes
and estimated strength after gastric bypass surgery evaluated by HR-
pQCT. Calcif Tissue Int. 2016;98(3):253-262. doi:10.1007/s00223-
015-0091-5

Hansen S, Jgrgensen NR, Hermann AP, Stgving RK
Continuous decline in bone mineral density and deterioration of
bone microarchitecture 7 years after Roux-en-Y gastric bypass surgery.
Eur J Endocrinol. 2020;182(3):303-311. doi:10.1530/EJE-19-0741
Lindeman KG, Greenblatt LB, Rourke C, Bouxsein ML, Finkelstein JS,
Yu EW. Longitudinal 5-year evaluation of bone density and
microarchitecture after Roux-en-Y gastric bypass surgery. J Clin
Endocrinol Metab. 2018;103(11):4104-4112. doi:10.1210/JC.2018-
01496

Murai IH, Roschel H, Dantas WS, et al. Exercise mitigates bone loss in
women with severe obesity after Roux-en-Y gastric bypass: a ran-
domized controlled trial. J Clin Endocrinol Metab. 2019;104(10):4639-
4650. doi:10.1210/JC.2019-00074

Shanbhogue VV, Stgving RK, Frederiksen KH, et al. Bone structural
changes after gastric bypass surgery evaluated by HR-pQCT: a two-
year longitudinal study. Eur J Endocrinol. 2017;176(6):685-693. doi:
10.1530/EJE-17-0014

Tan HC, Tan MZ-W, Tham KW, et al. One year changes in QCT and
DXA bone densities following bariatric surgery in a multiethnic Asian
cohort. Osteoporos Sarcopenia. 2015;1(2):115-120. doi:10.1016/J.
AF0S.2015.08.001

Yu EW. Bone Metabolism After Bariatric Surgery. J Bone Miner Res.
2014;29(7):1507-1518. doi:10.1002/jbmr.2226

Scibora LM. Skeletal effects of bariatric surgery: examining bone loss,
potential mechanisms and clinical relevance. Diabetes Obes Metab.
2014;16(12):1204-1213. doi:10.1111/dom.12363

Stein EM, Carrelli A, Young P, et al. Bariatric surgery results in cortical
bone loss. J Clin Endocrinol Metab. 2013;98(2):541-549. doi:10.1210/
jc.2012-2394

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Fleischer J, Stein EM, Bessler M, et al. The decline in hip bone density
after gastric bypass surgery is associated with extent of weight loss.
J Clin Endocrinol Metab. 2008;93(10):3735-3740. doi:10.1210/jc.
2008-0481

Diniz-Sousa F, Veras L, Boppre G, et al. The effect of bariatric surgery
on gravitational loading and its impact on bone mass. Bone. 2021;
153:116153. doi:10.1016/j.bone.2021.116153

Paccou J, Caiazzo R, Lespessailles E, Cortet B. Bariatric surgery and
osteoporosis. Calcif Tissue Int. 2021;110(5):576-591. doi:10.1007/
s00223-020-00798-w

Gagnon C, Schafer AL. Bone health after bariatric surgery. JBMR Plus.
2018;2(3):121-133. doi:10.1002/jbm4.10048

Krez AN, Stein EM. The skeletal consequences of bariatric surgery.
Curr Osteoporos Rep. 2020;18(3):262-272. doi:10.1007/s11914-020-
00579-2

Seeman E. Age- and menopause-related bone loss compromise corti-
cal and trabecular microstructure. J Gerontol a Biol Sci Med Sci. 2013;
68(10):1218-1225. doi:10.1093/GERONA/GLT071

Welbourn R, Hollyman M, Kinsman R, et al. Bariatric surgery world-
wide: baseline demographic description and one-year outcomes from
the fourth IFSO global registry report 2018. Obes Surg. 2019;29(3):
782-795. doi:10.1007/s11695-018-3593-1

Zhang Q, Dong J, Zhou D, Liu F. Comparative risk of fracture for
bariatric procedures in patients with obesity: a systematic review
and Bayesian network meta-analysis: bariatric procedures and
fracture risk. Int J Surg. 2020;75:13-23. do0i:10.1016/].ijsu.2020.
01.018

Yu EW, Lee MP, Landon JE, Lindeman KG, Kim SC. Fracture risk after
bariatric surgery: Roux-en-Y gastric bypass versus adjustable gastric
banding. J Bone Miner Res. 2017;32(6):1229-1236. doi:10.1002/
JBMR.3101

Axelsson KF, Werling M, Eliasson B, et al. Fracture risk after gastric
bypass surgery: a retrospective cohort study. J Bone Miner Res. 2018;
33(12):2122-2131. doi:10.1002/jbmr.3553

Ramchand SK, Seeman E. The influence of cortical porosity on the
strength of bone during growth and advancing age. Curr Osteoporos
Rep. 2018;16(5):561-572. doi:10.1007/s11914-018-0478-0

Holzer G, Von Skrbensky G, Holzer LA, Pichl W. Hip fractures and the
contribution of cortical versus trabecular bone to femoral neck
strength. J Bone Miner Res. 2009;24(3):468-474. doi:10.1359/JBMR.
081108

Szulc P, Boutroy S, Chapurlat R. Prediction of fractures in men using
bone microarchitectural parameters assessed by high-resolution
peripheral quantitative computed tomography—the prospective
STRAMBO study. J Bone Miner Res. 2018;33(8):1470-1479. doi:10.
1002/jbmr.3451

Lindeman KG, Rushin CC, Cheney MC, Bouxsein ML, Hutter MM,
Yu EW. Bone density and trabecular morphology at least 10 years
after gastric bypass and gastric banding. J Bone Miner Res. 2020;
35(11):2132-2142. doi:10.1002/jbmr.4112

Evans EM, Mojtahedi CM, Kessinger RB, Misic MM. Simulated
change in body fatness affects hologic QDR 4500A whole body and
central DXA bone measures. J Clin Densitom. 2006;9(3):315-322. doi:
10.1016/J.JOCD.2006.04.117

Madsen OR, Jensen JEB, Sorensen OH. Validation of a dual energy X-
ray absorptiometer: measurement of bone mass and soft tissue com-
position. Eur J Appl Physiol Occup Physiol. 1997;75(6):554-558. doi:
10.1007/s004210050204

Kim KN, Kim BT, Kim KM, et al. The influence of exogenous fat and
water on lumbar spine bone mineral density in healthy volunteers.
Yonsei Med J. 2012;53(2):289-293. doi:10.3349/ymj.2012.53.2.289
Hangartner TN, Johnston CC. Influence of fat on bone measurements
with dual-energy absorptiometry. Bone Miner. 1990;9(1):71-81. doi:
10.1016/0169-6009(90)90101-K


info:doi/10.1002/sim.1186
https://training.cochrane.org/handbook/current/chapter-10
https://training.cochrane.org/handbook/current/chapter-10
info:doi/10.1136/BMJ.H4718
info:doi/10.1136/bmj.d4002
info:doi/10.1136/bmj.d4002
https://gdt.gradepro.org/app/handbook/handbook.html
https://gdt.gradepro.org/app/handbook/handbook.html
info:doi/10.1002/9781119536604.ch14
info:doi/10.1002/OBY.23171
info:doi/10.1038/S41366-020-00660-X
info:doi/10.1007/s00223-015-0091-5
info:doi/10.1007/s00223-015-0091-5
info:doi/10.1530/EJE-19-0741
info:doi/10.1210/JC.2018-01496
info:doi/10.1210/JC.2018-01496
info:doi/10.1210/JC.2019-00074
info:doi/10.1530/EJE-17-0014
info:doi/10.1016/J.AFOS.2015.08.001
info:doi/10.1016/J.AFOS.2015.08.001
info:doi/10.1002/jbmr.2226
info:doi/10.1111/dom.12363
info:doi/10.1210/jc.2012-2394
info:doi/10.1210/jc.2012-2394
info:doi/10.1210/jc.2008-0481
info:doi/10.1210/jc.2008-0481
info:doi/10.1016/j.bone.2021.116153
info:doi/10.1007/s00223-020-00798-w
info:doi/10.1007/s00223-020-00798-w
info:doi/10.1002/jbm4.10048
info:doi/10.1007/s11914-020-00579-2
info:doi/10.1007/s11914-020-00579-2
info:doi/10.1093/GERONA/GLT071
info:doi/10.1007/s11695-018-3593-1
info:doi/10.1016/j.ijsu.2020.01.018
info:doi/10.1016/j.ijsu.2020.01.018
info:doi/10.1002/JBMR.3101
info:doi/10.1002/JBMR.3101
info:doi/10.1002/jbmr.3553
info:doi/10.1007/s11914-018-0478-0
info:doi/10.1359/JBMR.081108
info:doi/10.1359/JBMR.081108
info:doi/10.1002/jbmr.3451
info:doi/10.1002/jbmr.3451
info:doi/10.1002/jbmr.4112
info:doi/10.1016/J.JOCD.2006.04.117
info:doi/10.1007/s004210050204
info:doi/10.3349/ymj.2012.53.2.289
info:doi/10.1016/0169-6009(90)90101-K

140f214 | WILEY_9BESITY

73.
74.
75.

76.

77.

78.
79.

80.

81.

82.

HERNANDEZ-MARTINEZ €T AL.

Engelke K, Libanati C, Fuerst T, Zysset P, Genant HK. Advanced CT
based in vivo methods for the assessment of bone density, structure,
and strength. Curr Osteoporos Rep. 2013;11(3):246-255. doi:10.1007/
S$11914-013-0147-2

Whittier D, Boyd S, Burghardt A, et al. Guidelines for the assessment
of bone density and microarchitecture in vivo using high-resolution
peripheral quantitative computed tomography. Osteoporos Int. 2020;
31(9):1607-1627. doi:10.1007/500198-020-05438-5

Knapp KM, Welsman JR, Hopkins SJ, Fogelman |, Blake GM. Obesity
increases precision errors in dual-energy X-ray absorptiometry mea-
surements. J Clin Densitom. 2012;15(3):315-319. doi:10.1016/j.jocd.
2012.01.002

Svendsen OL, Hendel HW, Gotfredsen A, Pedersen BH, Andersen T.
Are soft tissue composition of bone and non-bone pixels in spinal
bone mineral measurements by DXA similar? Impact of weight loss.
Clin Physiol Funct Imaging. 2002;22(1):72-77. doi:10.1046/J.1475-
097X.2002.00398.X

Blake GM, Griffith JF, Yeung DKW, Leung PC, Fogelman |. Effect of
increasing vertebral marrow fat content on BMD measurement, T-
Score status and fracture risk prediction by DXA. Bone. 2009;44(3):
495-501. doi:10.1016/J.BONE.2008.11.003

Tothill P, Weir N, Loveland J. Errors in dual-energy X-ray scanning of
the hip because of nonuniform fat distribution. J Clin Densitom. 2014;
17(1):91-96. doi:10.1016/J.JOCD.2013.02.008

Eiken P, Barenholdt O, Jensen LB, Gram J, Nielsen SP. Switching from
DXA pencil-beam to fan-beam. I: studies in vitro at four centers. Bone.
1994,15(6):667-670. doi:10.1016/8756-3282(94)90315-8

Paccou J, Tsourdi E, Meier C, et al. Bariatric surgery and skeletal
health: a narrative review and position statement for management by
the European Calcified Tissue Society (ECTS). Bone. 2022;154:
116236. doi:10.1016/J.BONE.2021.116236

Liu Y, Cété MM, Cheney MC, et al. Zoledronic acid for prevention of
bone loss in patients receiving bariatric surgery. Bone Reports. 2021;
14:100760. doi:10.1016/j.bonr.2021.100760

Carlin AM, Rao DS, Yager KM, Parikh NJ, Kapke A. Treatment of vita-
min D depletion after Roux-en-Y gastric bypass: a randomized pro-
spective clinical trial. Surg Obes Relat Dis off J am Soc Bariatr Surg.
2009;5(4):444-449. doi:10.1016/j.s0ard.2008.08.004

83.

84.

85.

86.

87.

Diniz-Sousa F, Boppre G, Veras L, Hernandez-Martinez A, Oliveira J,
Fonseca H. The effect of exercise for the prevention of bone mass
after bariatric surgery: a systematic review and meta-analysis. Obes
Surg. 2022;32(3):912-923. doi:10.1007/511695-021-05873-1
Angrisani L, Santonicola A, lovino P, Ramos A, Shikora S, Kow L. Bar-
iatric surgery survey 2018: similarities and disparities among the
5 IFSO chapters. Obes Surg. 2021;31(5):1937-1948. doi:10.1007/
$11695-020-05207-7

Paccou J, Martignéne N, Lespessailles E, et al. Gastric bypass but not
sleeve gastrectomy increases risk of major osteoporotic fracture:
French population-based cohort study. J Bone Miner Res off J am Soc
Bone Miner Res. 2020;35(8):1415-1423. doi:10.1002/jbmr.4012
Beavers KM, Greene KA, Yu EW. Bone complications of bariatric sur-
gery: updates on sleeve gastrectomy, fractures, and interventions. Eur
J Endocrinol. 2020;183(5):R119-R132. doi:10.1530/EJE-20-0548
Engelke K, Libanati C, Liu Y, et al. Quantitative computed tomography
(QCT) of the forearm using general purpose spiral whole-body CT
scanners: accuracy, precision and comparison with dual-energy X-ray
absorptiometry (DXA). Bone. 2009;45(1):110-118. doi:10.1016/j.
bone.2009.03.669

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Herndndez-Martinez A, Veras L,
Boppre G, et al. Changes in volumetric bone mineral density
and bone quality after Roux-en-Y gastric bypass: A meta-
analysis with meta-regression. Obesity Reviews. 2022;23(8):
€13479. doi:10.1111/0br.13479


info:doi/10.1007/S11914-013-0147-2
info:doi/10.1007/S11914-013-0147-2
info:doi/10.1007/S00198-020-05438-5
info:doi/10.1016/j.jocd.2012.01.002
info:doi/10.1016/j.jocd.2012.01.002
info:doi/10.1046/J.1475-097X.2002.00398.X
info:doi/10.1046/J.1475-097X.2002.00398.X
info:doi/10.1016/J.BONE.2008.11.003
info:doi/10.1016/J.JOCD.2013.02.008
info:doi/10.1016/8756-3282(94)90315-8
info:doi/10.1016/J.BONE.2021.116236
info:doi/10.1016/j.bonr.2021.100760
info:doi/10.1016/j.soard.2008.08.004
info:doi/10.1007/S11695-021-05873-1
info:doi/10.1007/S11695-020-05207-7
info:doi/10.1007/S11695-020-05207-7
info:doi/10.1002/jbmr.4012
info:doi/10.1530/EJE-20-0548
info:doi/10.1016/j.bone.2009.03.669
info:doi/10.1016/j.bone.2009.03.669
info:doi/10.1111/obr.13479

	Changes in volumetric bone mineral density and bone quality after Roux-en-Y gastric bypass: A meta-analysis with meta-regre...
	1  INTRODUCTION
	2  METHODS
	2.1  Search strategy
	2.2  Eligibility criteria and studies selection
	2.3  Data extraction
	2.4  Studies quality assessment
	2.5  Statistical analysis
	2.6  Strength of the body of evidence assessment

	3  RESULTS
	3.1  Study selection and characteristics
	3.2  Methodological quality assessment
	3.3  vBMD changes at TH, LS, radius, and tibia after RYGB
	3.3.1  Overall effect
	3.3.2  Sensitivity analysis
	3.3.3  Meta-regression
	3.3.4  Certainty of evidence

	3.4  Bone quality changes at the distal radius and tibia after RYGB
	3.5  Comparison of BMD assessment techniques: 2D (DXA) versus 3D (QCT and HR-pQCT)

	4  DISCUSSION
	5  CONCLUSION
	CONFLICT OF INTEREST
	REFERENCES


