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Abstract

Background There is a growing interest in the post-operative bone-related effects of bariatric surgery. However,
little is known about the comparative effects of the most commonly performed bariatric procedures, namely Roux-
en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG).

Objectives To systematically assess the differences in areal bone mineral density (aBMD) and biochemical and
hormonal markers of bone metabolism among patients undergoing RYGB and SG.

Methods We conducted a systematic review and meta-analysis of studies aBMD at different sites, as well as bone-
specific alkaline phosphatase (BALP), 25-OH-vitamin D, calcium and parathyroid hormone (PTH) after RYGB and
SG.

Results Fourteen studies were included (717 patients, 50.63% in the RYGB arm). Based on data collected at 1 year,
2 years and > 2 years, there were no significant differences in aBMD measurements at the total hip, lumbar spine,
femoral neck, and the whole body with no statistical heterogeneity among different comparisons. Patients in the
RYGB group showed significantly higher concentrations of BALP at 1 year (SMD = 0.52, 95%ClI, 0.23-0.81,
p = 0.0004) and PTH at > 2 years of follow-up (SMD = 0.68, 95%ClI, 0.31-1.05, p = 0.0003) compared to the SG
group.

Conclusion There were no significant differences in aBMD measurements at the hip, lumbar spine, femoral neck,
and the total body following RYGB and SG procedures. However, BALP and PTH concentrations were significantly
higher after RYGB surgeries compared to SG. Attention should be paid to patients undergoing RYGB to prevent the
expected skeletal fragility over time.
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Introduction

Bariatric surgery is widely accepted as the most reliable
approach for achieving effective, long-term weight loss
[1, 2]. Sleeve Gastrectomy (SG) is currently the most
popular bariatric procedure (47.0%), followed by Roux en
Y Gastric Bypass (RYGB) (35.3%) gastric banding (8.4%)
and One Anastomosis Gastric Bypass (3.7%) [3].

However, a growing body of evidence suggests that the
risk of fracture increases after bariatric surgery [4, 5]. In a
large, population-based cohort study in France, the risk of
major osteoporotic fracture was significantly higher among
patients who had undergone bariatric surgery than matched
controls. The risk remained significant with RYGB but not
SG [5]. Nevertheless, a recent meta-analysis of 22 studies
showed significant decreases in bone mineral density
(BMD) even after SG [6].

Areal BMD (aBMD) is a standardized test used to
evaluate BMD. Other biochemical and hormonal markers
of bone metabolism include serum calcium, Bone-Specific
Alkaline Phosphatase (BALP), Parathyroid Hormone
(PTH), and 25-OH-vitamin D. The available meta-analyses
to date [6, 7] have focused on the changes after RYGB and
SG rather than head-to-head comparisons of RYGB and SG
at different follow-up endpoints. To the best of our
knowledge, there is no systematic review in published
scientific literature comparing bone profile outcomes after
RYGB and SG.

We, therefore, conducted a systematic review and meta-
analysis comparing BMD and other markers of bone
metabolism in RYGB and SG patients following the Pre-
ferred Reporting Items for Systematic reviews and Meta-
analyses (PRISMA) guidelines [8].

Methods
Eligibility criteria

Studies reporting aBMD data on both RYGB and SG
patients with at least 1-year post-operative follow-up were
included. These included observational cohort studies,
case—control studies, randomized clinical trials (RCTs)
Case series, pre-and post-intervention studies with a single-
arm, and narrative reviews were excluded. Only English-
language articles were included.

Types of outcomes measures

The primary outcome measure was the aBMD scores at
1 year, 2 years, and > 2 years. The secondary outcome
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measures were serum concentrations of bone turnover
markers, including BALP, Vitamin D, calcium, and PTH.

Search strategy

A specific search strategy was developed using dedicated
search terms combined with Boolean operators. The strat-
egy was performed on three academic databases—
PubMed, Embase, and the Cochrane Library. The follow-
ing set of specific search terms was developed: (“bariatric”
OR “bariatric surgery” OR “gastric bypass” OR “bypass”
OR “gastric sleeve” OR “sleeve gastrectomy”) AND
((“bone” OR “mineral density” OR “bone mineral den-
sity” OR “fracture”) OR (“vitamin D” OR “vit D” OR
“25(0OH)D” “PTH” OR “calcium”)), Appendix 1.

Study selection and data collection

Two authors independently performed the search. The
researchers screened the titles and abstracts of all the
records across the three databases. Additionally, the bibli-
ographies of screened articles were searched for additional
eligible studies. The full-article versions of eligible articles
were accessed, and the studies were further assessed for
formal inclusion based on the availability of the primary
outcomes. Any disagreement between authors was resolved
by discussion.

Risk of bias

The methodological quality of non-randomized studies
(cohort-based studies and case—control investigations) was
assessed by two reviewers using the Newcastle-Ottawa
Scale (NOS) [9]. A star-based scoring system was applied,
and the total score was calculated based on the number of
stars that were assigned to each study (score range was
0-9). Studies were considered medium or high quality at a
NOS score of 4-6 and > 7, respectively. The quality of
RCTs was assessed using the Cochrane risk-of-bias tool for
randomized trials [10] to explore the risks of bias in ran-
dom sequence generation, blinding, and allocation con-
cealment, as well as attrition bias and other sources of bias.

Statistical analysis

Outcome data (aBMD and biomarkers) were analyzed and
expressed as standardized mean differences (SMDs) and
95%Cls. This was carried out using the metacont package
in R (R i386 version 4.0.0). The I statistic was used to
indicate the statistical heterogeneity between studies,
which was deemed significant at /> > 0%. Results were
retrieved from a fixed-effects model when there was no
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Fig. 1 A PRISMA
flowchart depicting the used
search process in the current
study
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statistical heterogeneity; otherwise, results were reported
from a random-effects model.

Subgroup analysis (mixed-effects models) was per-
formed if the analysis comprised more than five studies
(k>5), and it was based on the study design, place of
publication, and the study population. Publication bias was
assessed visually using funnel plots and statistically using
Egger’s test [11].

Results

Results of the search process

We found a total of 768 records. After an initial screening,
20 studies were identified for full-text review. Six of these

were excluded due to the lack of information on our pri-
mary outcome (aBMD measurements) [12—-14]. One was
excluded as it reported the volumetric BMD (g/cm3) rather
than the aBBMD (g/cmz) [15], and one article was excluded
because it only reported the primary outcome up to
6 months [16]. A total of 14 studies were included in the
qualitative and quantitative syntheses (Fig. 1).

Characteristics of the included studies

The included studies were published between 2010 and
2021 (Table 1). Three studies were conducted in the United
States [17—19], Southern America [20, 21], Asia [22, 23],
Australia [24], and Europe [25-30]. Regarding the study
design, three studies were RCTs [19, 26, 27], two studies
were case-matched controlled studies [22, 30], and one was
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Table 1 Characteristics of included studies

Authors Country  Study design Follow-up Population Number No. of Quality
timepoint(s) (year) of patients by score
patients interventions (NOS)
M/F/T GB SG

Bredella et al. USA Prospective 1 General 3/18/21 11 10 7
2017 [17] cohort

Brzozowska Australia  Prospective 1,2 and > 2 Men + Premenopausal 11/17/28 7 21 8
et al. 2021 cohort & > Sy postmenopausal
[24] Women

Cadart et al. France Prospective 1 and > 2 General 21/74195 47 48 6
2020 [25] cohort

Carrasco et al. Chile Prospective 1 Premenopausal women 0/43/43 23 20 8
2014 [20] cohort

Carrasco et al. Chile Prospective 1,2 Premenopausal women 0/58/58 32 26 8
2018 [21] cohort

Guerrero-Pérez ~ Spain RCT 1 and > 2 Obesity and T2DM 12/18/30 15 15 NA
et al. 2020
[26]

Hofsg et al. Norway RCT (Oseberg) 1 Obesity and T2DM 27165192 44 48 NA
2021 [27]

Hsin et al. 2015 Taiwan Case-matched, 1 Men + Premenopausal 26/54/80 40 40 7
[22] retrospective ‘Women

Ieong et al. 2020 USA A retrospective 2 General 8/32/40 24 16 6
[18] chart review

Maghrabi et al.  USA RCT (The 1,2 Obesity and T2DM 13/24/37 18 19 NA
2015 [19] STAMPEDE

trial)

Muschitz et al. Austria Prospective 1,2 Premenopausal women 0/90/90 52 38 7
2015 [28] Cohort

Nogués et al. Spain Prospective 1 General 0/15/15 7 8 6
2010 [29] Cohort

Tan et al. 2015  Singapore Prospective 1 General 9/13/22 10 12 7
[23] Cohort

Vilarrasa et al. Spain Case-matched, 1 Women matched for the 0/66/66 33 33 6
2013 [30] prospective menopausal status

RCT randomized clinical trial; F female, M male; T total, GB gastric bypass, NOS Newcastle-Ottawa Scale, SG sleeve gastrectomy, 72DM type
2 diabetes mellitus, NA quality assessment using the NOS score was non-applicable to RCTs

a retrospective chart review [18]. In contrast, the remaining
articles employed a prospective cohort design. Out of the
14 studies, 13 articles reported the outcomes at 1 year, five
articles at 2 years, and three articles at >2 years.

Surgical interventions were performed on a total of 717
patients (81.87% females), where 363 (50.63%) patients
underwent RYGB and 354 (49.37%) patients underwent
SG. Based on the NOS scoring system of the method-
ological  quality, four  non-randomized  studies
[18, 25, 29, 30] were judged as having a medium
methodological quality, whereas the remaining studies
were of a high quality (Table 1). Results of reviewers’
judgment regarding the risk of bias for RCTs are depicted
in Fig. 2.
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Changes in body weight and BMI

There was no significant difference in BMI values between
the RYGB and SG groups at 1 year (SMD = —0.18,
95%CI, —0.65 to 0.29, p=0.413) and at 2 years
(SMD = —0.03, 95%CI, —1.49 to 1.54, p = 0.948,
Fig. S1). The pooled results of BMI change at > 2 years
were not available due to loss of follow-up.

Changes in the parameters of bone mineral density

The combined analysis of aBMD results at 1 year of the
follow-up period showed no significant differences in
aBMD between these two groups at different sites,
including the total hip (Fig. 3a), lumbar spine (Fig. 3b),
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Fig. 2 A summary of risk of
bias assessment results for each
included randomized clinical
trial. Risk of bias summary:
review authors’ judgements
about each risk of bias item for
each included study
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femoral neck (Fig. 3c), and the whole body (Fig. 3d) with
no significant statistical heterogeneity (F° ranged between
0-42%). Likewise, there were no significant differences
between groups in all BMD parameters at 2 years and at
longer follow-up periods (Table 2).

On subgroup analysis, eligible comparisons (k > 5)
were primarily related to BMD measurements at 1 year.
There were no significant differences between the study
groups based on the location at which the study was con-
ducted, study design, and the study population (Table 3).

Changes in the markers of bone metabolism

At 1 year, BALP concentration was significantly higher in
the RYGB group compared to the SG group (SMD = 0.52,
95%CI, 0.23-0.81, p = 0.0004, Table 4) with no statistical
heterogeneity between studies (I = 14%, p = 0.32).

However, the outcomes of BALP were not available for
longer follow-up periods. There were no significant dif-
ferences in other bone turnover markers at 2 years. Nota-
bly, the RYGB group had significantly higher PTH
concentrations at > 2 years of follow-up compared to the
SG group (SMD = 0.68, 95%CI, 0.31 to 1.05, p = 0.0003),
and there was no significant heterogeneity between studies
(P = 0%, p = 0.75, Table 4).

Publication bias

Assessment of publication bias was performed for com-
parisons with > 5 studies. Therefore, the analysis was
limited to the reports of BMD at 1 year. Visually, there was
no asymmetry of published studies around the mean effect
estimate of BMD of the total hip (Fig. 4a), lumbar spine
(Fig. 4b), femoral neck (Fig. 4c), and the whole body
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(A

(B

(b), femoral neck (c), and the whole body (d)

RYGB sG RYGB SG
Study Mean SD Total Mean SD Total Weight SMD [95% CI] Study Mean SD Total Mean SD Total Weight SMD [95% CI] ’
Bredella 2017 099015 11 101009 10 4.5% -0.11 [-0.97; 0.74] I | E— Bredella 2017 107010 11 114015 10 3.1% -0.53[-141; 034 —&——
Brzozowska 2021 1.06 0.10 7 113043 21  4.4% -0.55[-1.42;0.32) — Brzozowska 2021 125024 7 141023 21 31% -067[-154; 021) ——®——
Cadart 2020 112014 47 106015 48 20.0% 0.3 [-0.02: 0.79] Cadart 2020 1310417 47 123020 48 14.2% 0.43[0.02: 0.84] |-
Hofso 2021 098015 44 101012 48 19.6% -0.23[-0.64:0.18] L | Carrasco 2014 124018 23 126016 20 65% -0.11[0.71; 048] ——
Hsin 2015 103013 40 105012 40 17.1% -0.16 [-0.60; 0.28] - Carrasco 2018 124018 32 125016 26 8.8% -0.06 [0.58; 0.46] -
Maghrabi 2015 1.06 0.25 18 1.050.08 19 7.9% 0.04 [-0.60; 0.69] G Pérez2020 096008 15 110015 15 3.9% -1.13[-1.91;-0.35) —#—— .
Muschitz 2015 1.13 011 52 147 011 38 18.7% -0.30[0.72;0.12) —- Hofso 2021 109016 44 1.110.14 48 14.0% -0.10[-0.51: 0.31]
Nogués 2010 093005 7 094007 8 32% -01[-112 091 = Hsin 2015 125013 40 126 111 40 12.2% -0.01[-0.45; 0.43]
Tan 2015 102012 10 097015 12 4.6% 0.35[-0.50; 1.20] i 2015 131034 18 1190147 18 55% 042[-0.23; 1.07)
H Muschitz 2015 120010 52 122013 38 13.4% -0.17 [0.59; 0.24]
Total (95% Cl) 339 338 100.0% -0.06 [-0.25; 0.12] - Nogués 2010 1.03 0.07 7 097042 8 2.2% 0.54[-0.50; 1.58] i
Prediction interval 1-0.40; 0.27] —_— Tan 2015 143011 10 110042 12 3.3% 0.25[-0.59; 1.09] —r—
Heterogeneity: Tau® = 0.0097; Chi* = 8.95, df = 8 (P = 0.35); = 11% | S B Vilarrasa 2013 105012 33 108012 33 10.0% -0.25[-0.73; 0.24] —-
Test for overall effect: Z = -0.69 (P = 0.4810) -1 05 0 0.5 1 H
Total (95% Cl) 339 338 100.0% -0.05 [-0.21; 0.10] -
Prediction interval [-0.66; 0.51] SE——
Helerogeneily: Tau® = 0.0591; Chi’ = 20.68, df = 12 (P = 0.06); = 42% I S
Test for overall effect: Z = .67 (P = 0.5003) 15 -1 -05 0 05 1 15
e " O . .
Study Mean SD Total Mean SD Total Weight SMD [95% Cl] Study Mean SD Total Mean SD Total Weight SMD [95% CI]
Bredella 2017 083045 11 0890.07 10 4.6%-0.51[-139,036) —*—— Cadart2020 129013 47 124 012 48 23.7% 0.39 [0.01; 0.80] P
Cadart 2020 106 014 47 102014 48 21.5% 0.27[-0.13:0.67) L Carrasco 2014 119008 23 148 0.08 20 10.9% 0.11 [0.48:0.71] — .
Carrasco 2014 103010 23 102013 20 9.8% 0.09[-0.51;068] —— Carrasco 2018 120008 32 118 0.08 26 14.5% 0.23[-0.29; 0.75] B —
Carrasco 2018 103010 32 102013 26 13.1% 0.09(-0.43;0.60] Hofso 2021 122010 44 125012 48 23.1% -026 [-0.67:0.15] -
Guerrero-Pérez 2020 080 010 15 084010 15 6.7%-0.39[-1.11;0.33) Muschitz 2015 1.19.0.10 52 1.19 0.13 38 22.3% 0.00 [-0.42; 0.42] ——
Hofso 2021 085016 44 086012 48 21.0%-0.03[-0.44:0.37] Tan 2015 125010 10 122 0.11 12  55% 0.27 [[0.57; 1.12) — -
Nogués 2010 077004 7 081008 8 3.3%-049[-1.530.54] :
Tan 2015 082 011 10 088014 12 4.9% 0.30(-0.54; 1.15] Total (95% CI) 339 338 100.0% 0.09 [-0.10; 0.29] 4
Vilarrasa 2013 101012 33 101012 33 151% 0.00(-0.48;0.48) Prediction interval 1-0.29; 0.48] ——
Helerogeneily: Tau® = 0.0076: Chi® = 5.60, df = 5 (P = 0.35); I = 11%
Total (95% CI) 339 338 100.0% 0.02[-0.17;0.21] Test for overall effect: Z = 0.93 (P = 0.3539) -1 -0.5 0 0.5 1
Prediction interval [-0.21; 0.25]
Hoterogencity: Tau” = 0; Chi’ = 5,68, df = 8 (P = 0.68): I = 0%
Tesl for overall affect: 2= 0.20 (P = 0.4408) 15 1 05 0 05 1 15

Fig. 3 Forest plots depicting the outcomes at one year in terms of bone mineral density parameters, including at the total hip (a), lumbar spine

Table 2 Differences in bone mineral density parameters between the two surgical groups

Parameter Category No. of studies No. of patients Effect size Heterogeneity
RYGB SG SMD (95% CI) 14 P P

At 2 years Total hip 4 101 94 —0.06 ( —0.35 to 0.23) 0.703 4 0.37
Lumbar spine 5 133 120 —0.40 ( —1.15 to 0.34) 0.205 70 0.01
Femoral neck 3 108 80 —0.23 ( —0.52 to 0.06) 0.121 0 0.43
Whole body 2 84 86 —0.04 ( —3.31 to 3.24) 0.911 57 0.13

At > 2 years Total hip 2 54 49 —0.11 ( —5.03 to 4.80) 0.819 60 0.12
Lumbar spine 3 69 64 —0.35 ( —2.13 to 1.43) 0.486 80 < 0.0001
Femoral neck 2 62 43 —0.21 ( —5.81 to 5.40) 0.721 75 0.05

CI confidence interval, RYGB: gastric bypass, SG sleeve gastrectomy, SMD standardized mean difference

(Fig. 4d), indicating no publication bias. This was corrob-
orated by Egger’s test for asymmetry (Fig. 4).

Discussion

This systematic review did not find any significant differ-
ences in aBMD measurements at the hip, lumbar spine,
femoral neck, and the total body following RYGB and SG
procedures. However, BALP and PTH concentrations were
significantly higher after RYGB surgeries compared to SG.

In the present study, the lack of significant differences in
aBMD between the most popular laparoscopic bariatric
approaches may be explained by several factors. Firstly,
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while several individual studies have shown significant
reductions in aBMD within groups, these differences were
not significant when between-group measurements were
considered. In a recent meta-analysis of SG procedures,
Jaruvongvanich et al. [6] showed significant decreases in
aBMD measurements at the total hip and femoral neck.
The analysis of such parameters had considered pre- versus
post-operative changes to explore within group differences.
However, in our study, final aBMD outcomes were not
statistically different. Indeed, using the follow-up score in
the meta-analysis usually produces more conservative
findings than the change score [31]; this might mediate the
lack of significant differences in aBMD data between the
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Table 3 Results of subgroup analysis of BMD measurements at different sites at 1 year
Subgroup k Total hip Lumbar spine Femoral neck Whole Body
SMD (95%CI) V4 SMD (95%CI) p SMD (95%CI) p SMD (95%CI) p
Continent
Asia 2 —0.04 (—0.46to 0.859 0.04 (—-035t0 0.827 0.3 (—-0.54 to 0483 0.27 (—0.57to 0.526
0.39) 0.43) 1.15) 1.12)
Australia 1 —-0.55(—-142t0 0216 —-0.67(—-1.55 0.135 NA NA NA NA
0.32) to 0.21)
Europe 6 —0.12 ( -0.58 to 0.593 —0.11 (—-048 0.575 0.01 (—-0.22to 0916 0.05( —033to 0.813
0.33) to 0.27) 0.24) 0.42)
North America 2 —0.01 (-0.53t0 0.958 —0.01 (—094 0983 —-0.51(—-1.39 0251 NA NA
0.5) to 0.92) to 0.36)
South America 2 NA NA —0.08 (—047 0.682 0.09 (-031to 0.667 0.18 ( —0.21 to 0.367
to 0.31) 0.48) 0.57)
Subgroup analysis Qdf) 1.23(3) 2.16 (4) 1.96 (3) 037 (2)
p 0.747 0.706 0.58 0.832
Study design
Case—control 2 —0.16 (—0.6to 0.48 —0.12 ( —0.44 0475 0(—0.48 to 1 NA NA
0.28) to 0.21) 0.48)
Cohort 8 —0.09 (-0.51to 0.677 —0.01 (—0.28 0943 0.09 (—0.16to 0.467 0.2 ( —0.03 to 0.081
0.33) to 0.26) 0.34) 0.43)
RCT 3 —0.15(—-05t0 0391 -0.23(-098 0.537 —-0.12(—-048 0506 —0.26 (—0.67 0.212
0.2) to 0.51) to 0.24) to 0.15)
Subgroup analysis Q (df) 0.07 (2) 047 (2) 0.93 (2) 3.74 (1)
p 0.968 0.791 0.628 0.053
Population
Diabetes 3 —0.15(—-05t0 0391 -0.23(-098 0537 —-0.12(—-048 0506 —0.26 (—0.67 0.212
0.2) to 0.51) to 0.24) to 0.15)
General 6 0.04 ( —0.24 to 0.768 0.05 (—-0.31to 0.773 0.03 ( —0.39to 0.893 0.37 (0.01 to 0.047
0.33) 0.41) 0.45) 0.74)
Pre- and post- 1 NA NA —-0.25(—-0.73 0316 0(—048to 1 NA NA
menopausal women to 0.24) 0.48)
Premenopausal women 3 —0.55 ( —0.98 0.012 —0.13 (—-0.41 0.391 0.09 (—-0.31to 0.667 0.1 (—0.19 to 0.51
to —0.12) to 0.16) 0.48) 0.38)
Subgroup analysis Q) 5.1 1.21 3) 0.64 (3) 5.08 (2)
p 0.078 0.75 0.888 0.079

NA: outcomes were not available due to insufficient number of studies which had assessed the parameter at the relevant body site

RYGB and SG groups. Collectively, surgery type was not
an important risk factor in the reported skeletal changes.
Secondly, from another perspective, the changes in
aBMD might be linked to changes in weight loss. In our
meta-analysis, we showed no significant differences in
BMI values up to 2 years of follow-up, which might partly
contribute to the lack of aBMD changes between GB and
SG. Thirdly, and more importantly, the inclusion of a small
number of articles in long-term comparisons might have
limited our knowledge regarding aBMD changes, which
might have occurred on a long-term basis. In the present
study, while BALP changes have occurred early at 1 year,
aBMD changes remained insignificant thereafter. This
supports the fact that early biochemical changes usually

precede gross changes that would be only apparent at long
follow-up periods. Therefore, there is a need to understand
the skeletal changes after bariatric procedures over long
periods, which should be considered in future studies.
Our findings emphasize the post-operative nutritional
deficiencies that might develop due to gastric restriction,
malabsorption, or both. In RYGB, a small pouch from the
proximal aspect of the stomach is constructed and anasto-
mosed to the proximal section of the jejunum; thus, mal-
absorption of minerals and fat-soluble vitamins occurs due
to the reduction of the available intestinal surface area.
Bypassing the preferential sites of mineral absorption
might place the patients at an increased risk for hypocal-
cemia. Despite the significant differences in PTH between
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Table 4 Between-group differences in bone turnover markers at distinct timepoints of follow-up

Parameter Category N Number of patients Heterogeneity Effect size
RYGB SG P p SMD (95%CI) P
Vitamin D (ng/mL) 1 year 9 193 200 32% 0.16 0.13 ( —0.07 to 0.33) 0.196
2 years 5 133 120 44% 0.13 —0.06 ( —0.31 to 0.20) 0.670
> 2 years 3 69 64 35% 0.21 0.04 ( —0.32 to 0.40) 0.839
Calcium (mmol/L) 1 year 8 241 226 49% 0.05 —0.11 ( —0.29 to 0.07) 0.237
2 years 3 108 80 75% 0.02 —0.38 ( —1.83 to 1.08) 0.381
> 2 years 2 62 43 57% 0.13 —0.18 ( —4.41 to 4.04) 0.681
PTH (pg/mL) 1 year 10 271 267 86% < 0.001 0.46 ( —0.20 to 1.11) 0.147
2 years 3 91 85 3% 0.36 —0.10 ( —0.40 to 0.21) 0.540
> 2 years 3 69 64 0% 0.75 0.68 (0.31 to 1.05) 0.0003
BALP (IU/L) 1 year 4 97 96 14% 0.32 0.52 (0.23 to 0.81) 0.0004
2 years 1 NA NA NA NA NA NA
> 2 years 1 NA NA NA NA NA NA

N indicates the number of studies included in the analysis. NA outcomes were not available due to insufficient number of studies. BALP bone-
specific alkaline phosphatase; CI confidence interval, PTH parathyroid hormone, RYGB gastric bypass; SG sleeve gastrectomy,; SMD stan-

dardized mean difference

RYGB and SG that might indicate more significant sec-
ondary hyperparathyroidism in the former arm, vitamin D
deficiency and the consequent hyperparathyroidism were
not uniformly reported in the literature. While several
publications have demonstrated that high PTH levels are
commonly reported after GB surgery [32-34], others have
revealed that PTH and 25(OH)-vitamin D had remained
within the normal range postoperatively [35, 36]. It is
noteworthy that PTH changes were only apparent at
2 years of the follow-up as per the findings of the current
meta-analysis. Therefore, well-designed, large-sized ran-
domized studies are warranted to explore the long-term risk
profile of RYGB surgeries.

In the studies included in our review, the role of vitamin
and mineral supplementation should not be neglected.
Patients in all the studies had received calcium and vitamin
D supplements postoperatively, and Carrasco et al. [20]
have shown negative correlations between PTH reduction
and both calcium and vitamin D intake. Ieong and col-
leagues [18] have also demonstrated significant decreases
in vitamin D and calcium levels despite vitamin D and
mineral supplementation. This was associated with a sig-
nificant aBMD reduction within the RYGB and GB groups
[18]. Of note, the risk of fracture was investigated in four
studies; two studies [26, 29] reported no fracture incidents
across the study periods, whereas the remaining studies
[19, 28] showed no between-group differences in the fre-
quency of fracture.

The current study has some limitations. First, eligible
studies were selected based on the availability of aBMD
measurements at different sites as a primary outcome.

@ Springer

Clinically, aBMD measurement might not be available in
all healthcare facilities, and aBMD utilization might differ
significantly based on patients’ socioeconomic status [37].
Second, although we provided a comprehensive overview
of studies relying on aBMD, the results of bone metabolism
markers might not be systematically covered. This means
that we could not collect all relevant studies of hormonal
and biochemical markers; therefore, their clinical relevance
might be relatively unreliable. Third, the findings were
limited by the inherent limitations of the included studies.
Only three studies employed a randomized design, repre-
senting 21.4% of the included studies. The lack of ran-
domization might have limited the causal relationships
between the study variables and might have induced dif-
ferences among patients at baseline. Finally, notwith-
standing the observed significant differences in PTH and
BALP, eligible pairwise comparisons comprised a small
number of studies, which might limit the reliability of data.
Future meta-analyses might consider the biochemical and
hormonal markers of bone metabolism as primary out-
comes to provide a comprehensive overview of the meta-
bolic changes and better understand the underlying
mechanisms of action.

In conclusion, the present systematic review and meta-
analysis showed no significant differences between RYGB
and SG in terms of aBMD measurements over follow-up
periods ranging from 1 year to more than 2 years. These
measurements were based on three sites, including the total
hip, lumbar spine, and femoral neck, as well as the whole
body. However, patients undergoing RYGB procedures
showed significantly higher PTH and BALP at 1 year



World J Surg (2022) 46:865-875

873

8 n A Egger's p = 0.960 2 n Egger's p = 0.401
51 | 51 |
= : |
2 o | y : S o | :
th o ?; ooi ° u‘] o °°E° \o
© / ] o ! '\
5 i 5 :
T o : - @ | !
C o \ c o .
8 i S °
w : n
< 4o
o ' o
o 9: ° o ° ¢
w E e}
o 7 | o
L o
T T T T T T T T T T
1.0 0.5 0.0 . 10 1.0 05 0.0 05 1.0
o = i
o 7] A Egger's p = 0.093 o 7 4 Egger's p = 0.645
S 1 - i
| 5 e
: . 5
§ o~ 3 9 \
E o o ° 0 i
i 3 o :
g %o 2 E ° i °
© ‘ IS |
T @ | | ° :
c o g % o
o = :
(7] 20 1
L o o
< H
S 7] !
o
o
© s
| o
o
o °
T T T T T T T T T
-1.0 -0.5 0.0 0.5 1.0 -0.5 0.0 0.5 1.0
Fig. 4 Funnel plot of the meta-analysis of BMD at one year; the results were limited to comparisons with > 5 comparisons, including BMD at
the total hip (a), lumbar spine (b), femoral neck (c), and the whole body (d)

and > 2 years of follow-up, respectively. Bone-related
changes of RYGB and SG procedures seem comparable;
yet, patients undergoing RYGB should receive rigorous
vitamin D and calcium supplementation to control the
expected skeletal fragility. Future large-sized, randomized
studies are warranted, considering the measurement of
biochemical and hormonal markers over long follow-up
periods.

Appendix 1

The search process used in the PubMed database.

#1 “bariatric” OR “bariatric surgery” OR “gastric
bypass” OR “bypass” OR “gastric sleeve” OR “sleeve
gastrectomy”.

#2 “bone” OR “mineral density” OR “bone mineral
density” OR “fracture”.

#3 “vitamin D” OR “vit D” OR “25(OH)D” “PTH”
OR “calcium”.

#4 #1 AND #2 OR #3.
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supplementary material available at https://doi.org/10.1007/s00268-
021-06429-1.
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