
B A R I A T R I C S U R G E R Y / B OD Y COMPO S I T I O N

Changes in volumetric bone mineral density and bone quality
after Roux-en-Y gastric bypass: A meta-analysis with meta-
regression

Alba Hernández-Martínez1,2 | Lucas Veras3,4 | Giorjines Boppre3,4,5 |

Alberto Soriano-Maldonado1,2 | José Oliveira3,4 | Florêncio Diniz-Sousa3,4 |

Hélder Fonseca3,4

1Department of Education, Faculty of Education Sciences, University of Almería, Almería, Spain

2SPORT Research Group (CTS-1024), CERNEP Research Center, University of Almería, Almería, Spain

3Research Centre in Physical Activity, Health and Leisure (CIAFEL), Faculty of Sports, University of Porto, Porto, Portugal

4Laboratory for Integrative and Translational Research in Population Health (ITR), University of Porto, Porto, Portugal

5Human Motricity Research Center, University Adventista, Chillan, Chile

Correspondence

Alberto Soriano-Maldonado, Department of

Education, Faculty of Education Sciences,

University of Almería, Almería, Spain.

Email: asoriano@ual.es

Hélder Fonseca, CIAFEL (Centro de

Investigaçao em Actividade Física, Saúde e

Lazer) Group, Faculty of sport, University of

Porto.

Email: hfonseca@fadeup.up.pt

Funding information

AHM was supported by “Plan Propio, Gerty

Cori program” from University of Almería,

Spain. FDS was supported by the Foundation

for Science and Technology of Portugal (FCT)

(grant SFRH/BD/117622/2016), GB was

supported by the FCT (grant SFRH/BD/

146976/2019), and LV was supported by the

FCT (grant UI/BD/150673/2020). HF was

supported by Fundação para a Ciência e

Tecnologia (FCT) grant PTDC/SAU-DES/

4113/2020. ASM was supported by Spanish

Ministry of Economy and Competitiveness

(grant no. RTI2018-093302-A-100). The

Research Center in Physical Activity, Health,

and Leisure (CIAFEL) is funded by FCT grant

UID/DTP/00617/2020 and the Laboratory for

Integrative and Translational Research in

Population Health (ITR) by FCT grant LA/P/

0064/2020.

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 ≥6

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,1

such as type 2 diabetes, nonalcoholic fatty liver disease, coronary

artery disease, obstructive sleep apnea, and osteoarthritis.2 Its preva-

lence has tripled in the last four decades,3 affecting approximately 2.1

billion adults worldwide4 with serious health5 and economic implica-

tions.6 Severe obesity (body mass index [BMI] ≥ 35 kgm�2), in particu-

lar, reduces median survival by 8–10 years.7 Bariatric surgery (BS) is

the most effective treatment for severe obesity,8 improving quality of

life,9 mortality risk,10 and associated comorbidities.11 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.12 A

recent systematic review13 estimates that at a mean post-operative

follow-up of 2.2 years, 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 resorption14,15 and, consequently, to bone mass

loss16 at several skeletal sites17 that tend to persist long after BS,18

potentially compromising bone strength. Nevertheless, there is also

evidence that patients with obesity tend to have a higher bone mass

compared to normal weight counterparts19 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).20 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.21,22 Additionally, bone fracture depends not only

on bone mass but also on bone quality23 that represents the sum of

all bone characteristics that influence its ability to resist a

fracture,24 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

quantitative computed tomography (QCT) and high-resolution

peripheral QCT (HR-pQCT), overcome several of these limitations.25

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.21,22 Importantly, they can also provide relevant

information on cortical and trabecular bone geometry and micro-

architecture26 that are paramount to understand the mechanisms

whereby RYGB increases fracture risk.

Previous meta-analyses of the effect of RYGB on bone mass

loss17,27,28 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 2 years. 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,29

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) guidelines30 (PRISMA

checklist presented as supporting information).

2.1 | 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 ≥ 35 kgm�2; (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 (Tb.N), trabec-

ular separation (Tb.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 6months since this is considered the mini-

mum length of time required to detect vBMD changes31; 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).15,20,22,29,32 Outcomes reported as the median and inter-

quartile range (IQR) were converted into mean and standard deviation

(SD) based on Wan and colleagues' formula.33 Whenever standard

error or confidence intervals (CI) were reported as dispersion mea-

sures, SD was calculated according to the Cochrane-recommended

formulas.34 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 Group35 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)36 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.37 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 I2 statistic,38 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 I2, was qualitatively rated as 0–40% not important,

30–60% moderate, 50–90% substantial, and 75–100% consider-

able.39 Furthermore, since the meta-analytic models applied to

encompass three hierarchical levels, the total variance sources were

decomposed into (i) random sampling error, (ii) variance within studies

(due to time effect), and (iii) 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-R2 and com-

puted as

R2 ¼ τ2RE� τ2MR

τ2RE

where τ2RE is the heterogeneity based on the random-effects model

and τ2MR 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.40,41
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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.42,43 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= 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.29,44,49 The participants' average age ranged

between 41 and 58 years and pre-BS average BMI ranged between

37 and 48 kgm�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 studies15,44 in which only

QCT was used. Post-BS follow-up time ranged from 6 to 84months.

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

10.8months at TH, LS, radius, and tibia, respectively.

3.2 | Methodological quality assessment

Using the NHLBI quality assessment tool, nine studies were rated as

good,14,15,22,29,32,44–46,50,51 four as fair,20,47–49 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% CI �5.9 to -0.8]; p=

0.009), LS (�6.3% [95% CI �9.8 to �2.8]; p < 0.001), radius (�6.6%

[95% CI �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 results of one study15 substantially

diverged from the others, a sensitivity analysis excluding this study

was conducted (supporting information Table S4). After

removing this study, the difference between studies' heterogeneity

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; R2= 0.18), radius (p < 0.001;

R2= 0.84), and tibia (p < 0.001; R2= 0.97) but not at the TH

(p= 0.698; R2= 0.00).

3.3.4 | 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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F IGURE 1 Flow diagram of study
selection

F IGURE 2 vBMD mean percentage change
after RYGB at the TH, LS, radius, and tibia
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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 Tb.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,20,22,32,51 using data from 12 and 24

months of follow-up, three at the radius,14,29,49 with data from 6, 9,

12, and 48months of follow-up and six at the LS,14,20,22,32,45,51 with data

from 6, 12, and 24months of follow-up. BMD reductions following

RYGB at the TH assessed by DXA were significantly larger than those

assessed by QCT (�5.5% [95% CI �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% CI 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% CI �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,21 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.

F IGURE 3 Meta-regression for
assessing the effect of follow-up time on
vBMD decreases
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F IGURE 4 Bone quality mean percentage change after RYGB at
the radius

F IGURE 5 Bone quality mean percentage change after RYGB at
the tibia
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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.

Rodríguez-Carmona and colleagues27 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.17 Yu52 also reported DXA hip aBMD decreases ranging from

5 to 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.53–55 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.56 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.57–59

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 6months to 2 years for LS, and from 6months 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

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.60 These findings are particu-

larly worrisome considering that most patients undergo BS at their

40s61 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.12,62–64 Moreover, Ahlin and col-

leagues12 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.12

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.23 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,65 which may lead to a considerable increase in the risk

of fracture.66 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.67 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,

F IGURE 6 Differences between BMD
assessment techniques (DXA versus QCT and HR-
pQCT)
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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.53,68 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.21 The

effect of fat mass on DXA accuracy may vary with the device manu-

facturer and model,21,69–72 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 techniques73,74 seem to be less affected by

body composition changes, due to the sensitivity of the device.21 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,21,75

inhomogeneity of soft tissue,76 amount and bone marrow composi-

tion77,78 and artifact magnification such as bone distance from the X-

ray source and detector array.79 QCT and HR-pQCT are more precise

techniques for the detection of changes in bone mass21,25 since they

measure the real vBMD (in three dimensions) and differentiate soft

tissue during bone density calculation, making them less susceptible

to changes in body composition.21

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.80 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.81–83 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,84

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,62,85 recent findings

showed that an increased fracture rate may be observed on the

long term.12 Therefore, further investigation is warranted regarding

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

as the sleeve gastrectomy,86 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.87 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.
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