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Alterations of bone marke
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Abstract
Background: The aim of this study is to evaluate the alterations in bone mineral density and other surrogate markers for
osteoporosis in obese patients with type 2 diabetes mellitus (T2DM) who received Roux-en-Y gastric bypass (RYGB) versus medical
treatment as control.

Methods: We searched 4 electronic databases and reference lists of relevant studies for eligible research published before
December, 2019. After quality assessment, eligible studies were synthesized for relevant outcomes, including lumbar spine bone
mineral density (L-spine BMD) change, total hip BMD change, osteocalcin level, C-terminal telopeptide level, and parathyroid
hormone level.

Results: Three randomized clinical trials and 2 observational studies concerning 307 total obese T2DM patients were included.
Follow-up ranged from 12 to 60months. Patients underwent RYGB surgery were associated with both higher L-spine BMD loss
(mean difference: �2.90, 95% CI: �2.99∼�2.81, P< .00001) and total hip BMD loss (mean difference: �5.81, 95% CI:
�9.22∼�2.40, P= .0008). As to biochemical markers of bone metabolism, we found significantly higher osteocalcin level in medical
treatment (control) group compared with RYGB group (mean difference: 11.16, 95% CI: 8.57–13.75, P< .00001). However, higher
C-terminal telopeptide level and parathyroid hormone level were noted in medical treatment group (control) compared with RYGB
group (mean difference: 0.29, 95% CI: 0.11–0.48, P= .002; mean difference: 1.56, 95% CI: 0.84–2.27, P< .0001).

Conclusions: RYGB surgery is associated with negative impact on bone metabolism and increase the risk of osteoporosis in
obese patients with T2DM.We suggest that clinicians acknowledge the adverse effects of surgery and keepmonitoring bone mineral
components in post-RYGB populations. Further studies regarding the optimal amount of perioperative and postsurgical
supplementation should be evaluated.

Abbreviations: L-spine BMD= bonemineral density, CTX=C-terminal telopeptide, PTH= parathyroid hormone, RYGB= Roux-
en-Y gastric bypass, T2DM = Type 2 diabetes mellitus.
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mellitus
1. Introduction
Obesity is an emerging epidemiological health crisis. In 2015,
approximately 108 million children and 604 million adults were
classified obese globally, with the associated comorbidities such
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as cardiovascular disease and diabetes mellitus also increasing.[1]

Improving metabolic syndromes can efficiently decrease the
incidence of major adverse cardiovascular events in the future.[2]

The use of bariatric surgical procedure has dramatically increased
during the current study.
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worldwide in the last decade and has helped obese patients
achieve weight reduction.[3] Obese patients who undergo
bariatric surgery have lower long-term mortality rates[4] and
improved renal functions.[5]

Among all types of bariatric surgery, Roux-en-Y gastric bypass
(RYGB) is one of the most commonly performed procedures.[6] In
RYGB, a small gastric pouch limits oral intake, and the small
bowel is reconfigured. This reconfiguration then provides
additional mechanisms, such as dumping physiology, positive
hormonal changes, and mild malabsorption, which are all
efficacious for weight reduction. Literature reviews showed that
compared to medical treatment, RYGB resulted in higher type 2
diabetes mellitus (T2DM) remission rates and improved serum
levels of high-density lipoprotein cholesterol.[7] However,
evidence revealed unexpected adverse effects of RYGB such as
loss in bone density and high bone turnover rates after surgery.[8]

Based on the physiological effects of the food bypassing a great
part of the stomach, duodenum, and proximal jejunum following
RYGB, which leads to decreased absorption of minerals and fat-
soluble vitamins,[9,10] patients who underwent RYGB were
advised to take supplements of vitamin D, vitamin B12, calcium,
iron, and multivitamins for the rest of their lives.[11–13] The
relationship between dysregulation of bone metabolism and
RYGB has been reported in several studies.[14,15] However, a
consensus has not been reached regarding the deleterious impact
of bariatric surgery on bone metabolism.[11] Therefore, we aimed
tometa-analyze randomized controlled trial and cohort studies to
evaluate the alterations in bone mineral density and other
surrogate markers for osteoporosis in obese patients with T2DM
who received RYGB versus medical treatment as a control.
2. Methods

This systematic review was performed according to the Preferred
Reporting Items for Systematic reviews and Meta-analyses
guidelines.[16] Because this meta-analysis synthesized data from
published articles, this study was exempt from institutional
review board approval. The systematic review was accepted by
Table 1

Characteristics of studies that fulfilling the meta-analysis inclusion c

Author [year]
Study design
[country] Population

Number of
patients

Crawford [2018] RCT [USA] Obesity + T2DM RYGB: 37
IMT: 25

R

Tangalakis [2019] Prospective cohort [USA] Obesity + T2DM RYGB: 24
DSE: 27

R

Madsen [2019] Retrospective
cohort [Denmark]

Obesity + T2DM RYGB: 96
control: 49

R

Crawford [2017] RCT [USA] Obesity + T2DM RYGB: 10
IMT: 4

5

Maghrabi [2015] Prospective cohort [USA] Obesity + T2DM RYGB: 18
IMT: 17

4

DSE = diabetes support and education program, IMT = intensive medical treatment, RCT = randomize
∗
Indicates mean±SD.

† Indicates mean (IQR).
‡ Indicates median (IQR).
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the online PROSPERO international prospective register of
systematic reviews of the National Institute for Health Research.
2.1. Search strategy

We conducted a systematic review of the English-language
literature published until December 2019 by searching relevant
keywords in PubMed, EMBASE, Cochrane Library, Cochrane
Clinical Trials Registry, andWeb of Science electronic databases.
The following terms and Boolean operator were used in MeSH
and free-text searches: (bariatric surgery OR obesity surgery OR
metabolic surgery OR Roux-en-Y gastric bypass), (medical
therapy OR nonsurgical treatment), (type 2 diabetes), AND
(bone OR bone markers OR bone turnover). The “related
articles” facility in PubMed was used to broaden the search. We
attempted to identify additional studies by searching the reference
lists of relevant papers and contacting known experts in the field.
2.2. Selection criteria

We reviewed randomized control trials, retrospective and
prospective cohort studies, case reports, letters, and reviews in
the literature that evaluated the outcomes of RYGB, performed
laparoscopically or open, versus medical treatment in obese
patient with T2DM. The inclusion criteria were as follows:
investigated participants with obesity and T2DM, interventions
that compared groups between RYGB and medical treatment,
and outcomes regarding bone metabolism. The details of study
characteristics are shown in Table 1. The exclusion criteria were
as follows: studies did not meet the inclusion criteria, only
compared groups between RYGB and sleeve gastrectomy, did not
directly evaluate the parameters of bone turnover, did not clearly
state the outcomes of alterations in bone metabolism, involved
the duplicate reporting of patient cohorts, and animal studies.
After the final comprehensive search, 2 researchers indepen-

dently searched through literature, selected studies, assessed
quality, and extracted and verified data from articles. Any
disagreement was resolved by consulting a third reviewer.
riteria.

Age, year
Duration from
RYGB, year Postsurgical supplement

YGB: 47.4±8.8
∗

IMT: 51.0±7.6
∗

5 Vitamin D and calcium;
(compliance unknown)

YGB: 49.6±1.4
∗

DSE: 47.4±1.5
∗

1 Vitamin D 800 IU/d Calcium
carbonate 1200 mg/d

YGB: 55.3 (48.1; 61.8) †

Control: 56.2 (51.1; 60.3) †
6.1 (5.4; 7.0)‡ Vitamin D and calcium (86%

patients followed the
instruction)

0±7
∗

6.7±1.3
∗

Not mentioned

8±4
∗

2 Ergocalciferol 50000 IU/wk (40%
patients followed) Vitamin D3
2000 IU/d (30% patients
followed) Vitamin D3 1000 IU/
d (30% patients followed)

d clinical trial, RYGB = Rou-en Y gastric bypass, T2DM = type 2 diabetes mellitus.
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2.3. Methodological quality appraisal

Two reviewers independently appraised the methodological quality
of each study using the Cochrane Risk of Bias tool (Bristol, UK) [17]

for randomized control trials and Modified Newcastle-Ottawa
Quality Assessment Scale [18] for cohort studies. Using the Cochrane
Risk of Bias tool, we evaluated sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective reporting,
and other biases in randomized clinical trials. For cohort studies,
representativeness of the cohort, comparability based on the design
or analysis of the cohort, assessment of outcome, as well as overall
power were assessed. In cases of any conflict, the third reviewer’s
comments should be obtained, and further discussion was
performed until a final consensus.

2.4. Outcome assessment

The outcome data included lumbar spine bone mineral density
change, total hip bone mineral density (BMD) change, osteocalcin
level, C-terminal telopeptide (CTX) level, and parathyroid
hormone (PTH) level. Means and standard deviations were
extracted for continuous data. When the original study reported a
95%confidence interval (CI),we calculated the standard deviation
(SD) according to the formula: 95% CI= x̄±1.96(SD/

p
n).
Potentially relevant studies searched for (

Selected studies (n = 5)

Studies identified using
PubMed (n = 94)
EMBASE (n = 272)
Cochrane Library (n = 20)
Web of Science (n = 8)

Studies retrieved for further
review (n =15)

Figure 1. Flowchart of the

3

2.5. Statistical analyses

Statistical analysis was conducted using the Review Manager
software version 5.3 (Cochrane Collaboration, Oxford, England,
UK). The precision of an effective size was reported as 95% CI.
The data were pooled only for studies exhibiting adequate clinical
and methodological similarities. Statistical heterogeneity was
assessed using the I2 test that quantified the proportion of the
total outcome variability that was attributable to variability
among the studies. When I2 was higher than 50%, the pooled
result was judged as having high heterogeneity.
3. Results

3.1. Characteristics of the studies

This systematic review identified 394 references from 4 electronic
databases. The references were from PubMed (n=94), EMBASE
(n=272), Cochrane Library (n=20), and Web of Science (n=8).
A total of 229 duplications were eliminated using the Endnote
system and manual screening. After the screening of titles and
abstracts, 150 studies were deemed ineligible and were excluded
because they were not relevant (Fig. 1). Next, we retrieved the full
text of the 15 remaining studies for further review. Ten articles
were excluded from our final analysis for the following reasons: 8
n =165)

Duplicates (n = 229)

Studies excluded 
Inappropriate comparison (n = 8)
Inappropriate outcome (n = 2)

Studies excluded on the basis oftitles 
and abstracts
Not relevant (n = 150)

study inclusion criteria.

http://www.md-journal.com


Table 2

Assessment of methodological quality of included studies.

RCTs evaluated by RoB 2.0

RCT [year] Crawford [2018] Crawford [2017] Maghrabi [2015]

Selection bias Low risk Moderate risk
∗

Low risk
Allocation bias Low risk Low risk Low risk
Performance bias Moderate risk† Moderate risk† Moderate risk†

Detection bias Moderate risk† Moderate risk† Moderate risk†

Attrition bias Moderate risk‡ Moderate risk‡ Moderate risk‡

Reporting bias Low risk Low risk Low risk
Overall risk of bias Moderate Moderate Moderate
Observational studies evaluated by Modified Newcastle-Ottawa Scale
Author [year] Tangalakis [2019] Madsen [2019]
Selection Representativeness of exposed cohort (Maximum:★) ★ ★

Selection of non-exposed cohort (Maximum:★) ★ ★
Ascertainment of exposure (Maximum:★) ★ ★

Comparability On the basis of the design or analysis (Maximum:★★)x ★ ★★
Outcome Assessment of outcome (Maximum:★) ★ ★

Adequacy of follow up of cohort (Maximum:★) – ★
Total score (out of 7) ★★★★★(5) ★★★★★★(6)
Power Adequately powered Adequately powered
∗
Without sufficient information.

†Without double blind.
‡Without using intention-to-treat analysis.
x One point was allocated if there was no adjustment in the study, with an additional point given if adjusted for HbA1c, calcium, and vitamin D supplementation, PTH, gender and menopausal status, and smoking
status. The total score was derived using the minimum score allocated for confounders.
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used different comparisons and 2 revealed inappropriate
measurements. The remaining 5 eligible studies were included
in our analysis,[19–23] and their characteristics are shown in
Table 1. The 5 studies were published between 2015 and 2018,
with sample sizes ranging from 14 to 145 patients. Three of them
are randomized control trials,[19–21] whereas the other 2 are
observational studies.[22,23] Four of the studies were conducted in
the US,[19–21,23] and one was conducted in Denmark.[22] The
mean age in each study ranged from 47 to 56, and the evaluation
of final outcome was conducted between 1 to 5 years after RYGB
surgery. The quality of the included studies is shown in Table 2.

3.2. Lumbar spine bone mineral density change

Two studies reported lumbar spine bone mineral density changes
in 86 patients from baseline to 1 year after surgery. The overall
pooling result demonstrated higher lumbar spine bone mineral
density changes in the RYGB group than in the medical treatment
(control) group after 1-year follow-up, with the pooled mean
difference of �2.90 (95% CI: �2.99∼�2.81). The results
indicated no significant heterogeneity across the studies (I2=
0%, P< .00001) (Fig. 2).
Figure 2. L-spine BMD change. The pooling result demonstrated significantly hi
(control) group after 1 year follow-up. (Mean difference: �2.90; 95% CI: �2.99∼

4

3.3. Total hip bone mineral density change

Three studies reported total hip BMD changes from baseline to 1
year after surgery. The overall pooling result demonstrated
higher total hip BMD changes in the RYGB group than in the
medical treatment (control) group after 1 year follow-up, with the
pooled mean difference of �5.81 (95% CI: �9.22∼�2.40). The
results indicated no significant heterogeneity across the studies
(I2=84%, P= .0008) (Fig. 3).

3.4. Osteocalcin level

Two studies reported osteocalcin levels 5years after surgery. The
overall pooling result demonstrated higher osteocalcin levels in
the medical treatment (control) group than in the RYGB group,
with the pooled mean difference of 11.16 (95% CI: 8.57–13.75).
The results indicated no significant heterogeneity across the
studies (I2=0%, P< .00001) (Fig. 4).

3.5. C-terminal telopeptide level

Three studies reported CTX levels from 1 to 5years after surgery.
The overall pooling result demonstrated significantly higher CTX
gher L-spine BMD change in RYGB group compared with medical treatment
� 2.81).



Figure 3. Total hip BMD change. The pooling result revealed significantly higher total hip BMD change in RYGB group compared with medical treatment (control)
group after 1 year follow- up. (Mean difference: �5.81, 95% CI: �9.22∼�2.40).

Figure 4. Osteocalcin level. Significantly higher osteocalcin level was found inmedical treatment (control) group compared with RYGB group, with the pooledmean
difference of 11.16. (95% CI: 8.57–13.75).

Figure 5. C-terminal telopeptide (CTX) level. Significantly higher CTX level was found in medical treatment group (control) compared with RYGB group, with the
pooled mean difference of 0.29. (95% CI: 0.11–0.48).

Huang et al. Medicine (2021) 100:20 www.md-journal.com
levels in the medical treatment group (control) than in the RYGB
group, with the pooled mean difference of 0.29 (95% CI: 0.11–
0.48). The results indicated no significant heterogeneity across
the studies (I2=90%, P= .002) (Fig. 5).

3.6. Parathyroid hormone level

Two studies reported PTH levels 5years after surgery. The overall
pooling result demonstrated higher PTH levels in the medical
Figure 6. Parathyroid hormone (PTH) level. The overall pooling result showed sig
RYGB group. (Mean difference: 1.56; 95% CI: 0.84–2.27).

5

treatment group (control) than in the RYGB group, with the
pooled mean difference of 1.56 (95% CI: 0.84–2.27). The results
indicated no significant heterogeneity across the studies (I2=0%,
P< .0001) (Fig. 6).

4. Discussion

This study demonstrates that obese patients with T2DM who
underwent RYGB surgery have higher bone loss when compared
nificantly higher PTH level in medical treatment group (control) compared with

http://www.md-journal.com
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to those who received medical treatment alone. To our
knowledge, this is the first meta-analysis study focusing on bone
metabolism in patients with T2DM following RYGB versus
medical treatment. Our findings are also consistent among
previous randomized clinical trials and observational studies.
In the recent meta-analysis conducted, beneficial effects of

RYGB surgery on T2DM remission were superior to medical
treatment alone, with regard to improvement in obesity,
hyperglycemia, hyperlipidemia, arterial hypertension, and other
metabolic conditions as well as cardiovascular risks.[7] However,
the potential adverse effects of bariatric surgery on bone
metabolism are still debated, even though the association
between bariatric surgery and reduced bone density or increased
fracture risk has been proven in several studies.[24–26] According
to the results of our meta-analysis, BMD loss at both hip and
lumbar spine are greater in the RYGB group than in the medical
treatment (control) group, and the reductions in total hip and
lumbar spine BMD appear to extend beyond 5years after
surgery. Furthermore, positive site-specific BMD impact was
greater in total hip BMD than in lumbar spine BMD in some of
our included studies.[20–22] The greater postsurgical losses of
BMD in the hip than in the vertebral spine could be because of the
catabolic effect on cortical bones caused by secondary hyper-
parathyroidism following nutritional deficiency,[27,28] and the
reduced mechanical loading at the hip due to weight loss after
RYGB. We recommend clinicians keep follow-up patient’s BMD
level at least 5years after operation based on current evidence in
our included studies. The impact on fracture risk should be
considered by patients considering bariatric surgery and should
also be evaluated in further long-term studies.
Besides BMD, biochemical markers of bone metabolism have

proven useful for monitoring treatment efficacy in metabolic
bone disease.[29] After a comprehensive review, several bone
markers including osteocalcin, CTX, PTH showed the most
significance. Osteocalcin, holds particular interest because low
levels of it are associated with increased fracture incidence in
older male populations.[30] Osteocalcin levels were higher in the
medical treatment (control) group than in the RYGB group. This
finding appears to be compatible with the BMD change in both
groups because osteocalcin is secreted by osteoblasts to be
primarily integrated into bone matrix.
The bone resorption marker, CTX, has been studied

extensively in relation to surgical weight loss. Many studies
have shown increases in CTX after RYGB, ranging from 174%at
3months post-intervention to 220% at one year when compared
with baseline levels.[28,31] In our study, however, CTX levels were
higher in the medical treatment group than in the RYGB group.
This might be because of the post-surgical implementation of
daily calcium and vitamin D supplementation based on current
guidelines in most RYGB groups [Table 1], whereas there was no
nutritional supplementation in the medical treatment groups. As
the RYGB procedure comprised gastric restriction and intestinal
bypass, malabsorption of micronutrients such as vitamins,
calcium, zinc, and iron might become an issue after surgery.
Adequate supplementation of calcium and vitamin D could
maintain the balance of bone metabolism and thus prevent bone
resorption and osteoporosis. Low concentrations of vitamin D
are associated with impaired calcium absorption, negative
calcium balance, and a compensatory rise in PTH, which results
in excessive bone resorption. Since no supplementation was
given, it is reasonable to expect higher CTX levels in the medical
treatment (control) group than in the RYGB group. Similarly,
6

higher PTH levels are noted in the medical treatment (control)
group, possibly because of decreased absorption of calcium and
vitamin D. A prospective study found that obese patients
undergoing either RYGB or sleeve gastrectomy treated with pre-
and post-surgical vitamin D, protein supplementation, and
regimented exercise had a smaller degree of CTX elevation than
their post-surgical counterparts who did not undergo this
intervention after 24months of follow-up.[32] Therefore, supple-
mentation with these nutrients is needed, even though there is no
consensus on the optimal amount to provide after bariatric
surgery. It is important to note that biochemical markers of bone
metabolism should be monitored long term after bariatric
surgery, since the prolonged increase in bone turnover might
place the skeleton at risk for loss of bone mass and fracture.
Besides adequate vitamin D and calcium supplementation,
further preventative measures such as physical activity programs
and professional nutrition monitoring should also be planned .
Though there are currently no evidence-based physical activity
guidelines specifically for bariatric surgery patients, growing
evidence shows that physical activity has played a significant role
in weight loss and other postoperative outcomes.[33] Recom-
mendations for physical activity have been made by a number of
organizations, including the American Society for Metabolic and
Bariatric Surgery (ASMBS), the Obesity Society, and the
American Heart Association. We advocate for appropriate
physical activities for bariatric surgery patients based on the
common guidelines, and recommend that they should adhere to a
healthful lifestyle.
There are some limitations of our study. First, potential

selection bias in some of our included studies regarding the
different baselines of two groups such as the diabetes duration
and HbA1c levels was noted. Second, some studies lack details
regarding patients’ compliance to the post-surgical vitamin D and
calcium supplementation, and not all patients followed the
instructions of supplementation in some studies. Third, bone
turnover is known to relate to age and gender. Though the mean
ages of included patients were similar, gender-matched studies
should be evaluated, especially in women. We had tried to
perform subgroup meta-analyses based on pre, peri and post-
menopausal status of female subjects, but unfortunately failed
due to lack of data. Moreover, bone markers are highly dynamic
when compared to BMD; thus, the value of single marker
measurement taken at one time point might be questionable.
Longitudinal changes of other associated parameters for bone
health such as renal calcium excretion, gastrointestinal hor-
mones, high-calcium food intake, and daily exercise should also
be evaluated because they might provide a better understanding
of the underlying mechanisms for bone quality. Last, our
included studies did not provide fine details about postoperative
adjunct measures such as physical activity programs or
professional nutrition monitoring which might have positive
impact on postoperative outcome.
5. Conclusion

Our study examined the negative impact of RYGB surgery on
bone turnover when compared with the impact of medical
treatment alone on bone turnover. We suggest that clinicians
acknowledge the potential risk of adverse effects of RYGB on
bone health and continue monitoring bone mineral components
in post-RYGB populations. Further investigation regarding the
optimal amount of post-surgical supplementation is important.
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Additional research of perioperative supplementation and bone
health might also be essential to understand the association
between bariatric surgery and bone metabolism.
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