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Background: Laparoscopic Roux-en-Y gastric bypass is a leading metabolic surgery for obese patients with
type 2 diabetes mellitus. However, postoperative nutritional deficiencies and abnormal bone metabolism are
possible. In this study, we investigated the mid-term impact on bone metabolism of laparoscopic Roux-en-Y
gastric bypass.

Methods: This retrospective study involved 238 patients with type-2 diabetes mellitus and obesity who
underwent laparoscopic Roux-en-Y gastric bypass in our institution; patients were followed for 3 years.
Patients received a calcium supplement (1,200 mg per day), alfacalcidol (0.5 pg per day), and a multivitamin
(1 tablet per day), postoperatively. We recorded and analyzed patients’ body mass index, and blood levels of
25-hydroxy-vitamin D, calcium, and parathyroid hormone. Data for 16 patients 6 months postoperatively
were selected randomly to evaluate bone-specific alkaline phosphatase and the bone resorption marker,
C-terminal crosslinking telopeptide of type I collagen (CTX-1).

Results: Of the 238 patients, 111 were women, and 127 were men (mean age: 46.91+12.03 years; mean
body mass index: 31.37 kg/m’). 25-hydroxy vitamin Dj levels did not change (P>0.05) compared with
preoperative levels during the 3-year follow-up. Parathyroid hormone (PTH) levels increased (P<0.05), while
serum calcium decreased (P<0.05). Patients’ body mass index decreased sharply 3 months postoperatively
(preoperative vs. postoperative mean: 31.37+3.52 vs. 25.60+2.86, respectively; P<0.05). We saw no decrease
in 25-hydroxy vitamin D, levels with supplementation, postoperatively. CTX-1 and bone-specific alkaline
phosphatase levels showed no significant changes comparing pre- and postoperative levels at 6-, 12-, and
24 months (P>0.05). However, CTX-1 levels increased in the first 12 months postoperatively, then decreased
in the second year; bone alkaline phosphatase levels increased gradually.

Conclusions: Laparoscopic Roux-en-Y gastric bypass is effective for weight loss, but also has an impact
on bone metabolism, which increases the risk of fracture. Our results highlight the importance of regular

follow-ups and full-dose calcium and vitamin supplementation, postoperatively.
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Introduction

The prevalence of T2D with obesity in China is rising
rapidly. Hu ez al. reported that China ranks number one
with an estimate of 109.6 million adults with diabetes (1).
And the prevalence of overweight in Chinese adults were
41.2% in 2014, with an estimated increase of 0.27% per
year. In addition to medical and exercise therapy, bariatric
surgery is an effective long-term method to achieve weight
loss and normal blood glucose levels. Several conditions,
namely, essential hypertension, diabetes, asthma,
osteoarthritis, and hyperlipidemia, can be improved and
even resolved following bariatric surgery (2).

Laparoscopic Roux-en-Y gastric bypass (LRYGB) is a
common procedure for achieving weight loss and glycemic
control by reducing gastric capacity. LRYGB is a safe and
effective procedure to improve glycemic control, obesity,
body fat percentage, and blood pressure in patients with
type 2 diabetes mellitus (T2DM) and obesity (3). The
underlying mechanism for these improvements is not so
clear, but hormones such as ghrelin, leptin, GLP-1, GIP,
hepatic and peripancreatic fat, inflammatory markers,
miRNA, and gut microbiota all play important roles (4-6).
However, although gastric volume reduction and bypassing
of proximal small bowel can alleviate T2DM, complications
can occur. Abnormal bone metabolism is a late complication
after LRYGB, and factors such as lower food intake and
vitamin D deficiency may lead to abnormal bone mineral
density (BMD), which increases the risk of fracture
and osteoporosis. Therefore, long-term follow-up and
appropriate treatment is necessary after LRYGB.

In this study, we evaluated index changes reflecting bone
metabolism after LRYGB, namely blood levels of calcium,
vitamin D, and parathyroid hormone (PTH). Evidence
indicates that regular supplementation with calcium, vitamin
D, and a multivitamin may contribute to maintaining index
levels in their normal ranges. Preventing gradual increases
in PTH levels (secondary hyperthyroidism) requires further
study.

Methods

This was a retrospective study involving data collected
between February 2012 and December 2016. The human
research review board at Shanghai 6™ People’s Hospital
approved the study, and all patients provided written
informed consent. The study was conducted in accordance
with the principles of the Declaration of Helsinki.
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We enrolled 238 patients with T2DM with a body mass
index (BMI) >27.5 kg/m’: 111 women and 127 men with a
mean age of 46.91x12.03 years and a mean BMI of 31.37 kg/m’.
The highest BMI was 44.9 kg/m’ before operation. The
inclusion criteria were: (I) T2DM duration <15 years with
adequate islet function defined as fasting C-peptide by the
oral glucose tolerance test >1 ng/mL and a ratio of peak to
fasting blood glucose value >2 ng/mL; (II) age 16-65 years;
and (IIT) BMI >27.5 kg/m’. Patients with established
diagnoses of type 1 diabetes, latent autoimmune diabetes
in adulthood, malignancy, debilitating disease, unresolved
psychiatric illness, or substance abuse were excluded from
the study.

Weight was determined using an electronic scale;
participants were barefoot and wore light clothes. The
waist/hip ratio was calculated by waist circumference/hip
circumference.

Patients underwent standard LRYGB, which included a
25-30-mL gastric pouch, 100-cm biliopancreatic limb, and
100-cm alimentary limb.

Medical history, current medications, and anthropometric
evaluations including BMI, weight, serum calcium, PTH, and
25-hydroxy vitamin D (250HD) levels were recorded before
and after bypass surgery at 3, 6, 12, 24, and 36 months.
Postoperatively, we supplemented patients to prevent
osteoporosis using 600 mg calcium per day, 0.5 mg vitamin
D; per day, and one multivitamin tablet per day. Among the
238 original patients, 16 patients were selected randomly
for analyzed data in 6 months postoperatively regarding
the levels of C-terminal crosslinking telopeptide of type I
collagen (CTX-1) and bone-specific alkaline phosphatase
(BAP) recorded preoperatively and 6, 12, and 24 months
postoperatively.

All statistics were calculated using SPSS statistical
software (version 20.0; SPSS Inc., Armonk, NY, USA) and
GraphPad Prism (version 7.0; GraphPad Software Inc.,
San Diego, CA, USA). Paired t-tests were used to compare
pre- and postoperative values. Pearson’s correlation
test was performed to assess the correlation between
postoperative BMI, serum calcium, PTH, and 250HD.
Data are presented as mean + standard deviation. Statistical
significance was defined as P<0.05.

Results

The patients’ baseline characteristics are shown in Table 1.
Comparing pre- and 3-month postoperative values in all
patients, calcium decreased (P<0.05), 250HD did not
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change (P>0.05), and PTH increased significantly (P<0.05)
in Tables 2, 3 and 4. In the 16 patients in the subgroup,
CTX-1 increased in the first year and decreased in the
second year, postoperatively (P>0.05); BAP increased
gradually 6, 12, and 24 months postoperatively (P>0.05).
BMI decreased sharply comparing pre- and 3-month
postoperative values (preoperative mean BMI: 31.37+3.52,
N=238; postoperative mean BMI: 25.20+2.86, N=218;

Table 1 Clinical characteristic of obesity patients with T2D

Variable At baseline (obesity and T2D)
N 238

Sex, male/female 111/127

Age, year 46.91+12.03

T2D duration, year <15

WHR 0.98+0.06

BMI, kg/m® 31.37+3.52

250HD, pg/mL 15.03+6.14

ca’*, mmol/L 2.31+0.11

PTH, ng/L 39.74+15.22
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P<0.05). And a female patient had a low BMI (19.1 kg/m’)
3 months after RYGB. Postoperative BMI decreased and
remained stable, indicating that patients maintained a
steady weight without weight regain, and indicated a good
postoperative result (Zable 5). After surgery, BMI was related
to 250HD (P<0.05), and had an inverse relationship with
PTH (P<0.05). We saw no relationship between calcium
and BMI (7able 6).

Discussion

LRYGB is used to treat obesity and also improves
hypertension and T2DM. LRYGB has been proven
clinically effective for obesity. A female patient had a
low BMI (19.1 kg/m’) 3 months after RYGB. However,
postoperative complications stress the importance of follow-
up. Low serum 250HD levels and poor calcium absorption
appeared to be related to secondary hyperparathyroidism
in women who had undergone RYGB (7). We found
consistently decreased calcium levels and increased PTH
postoperatively during the 3-year follow-up in our study, no
changes in 250HD, and no relationship between calcium
and BML.

The mean preoperative 250HD level in our patients

Table 2 Serum calcium has an increasing tread 3 months after surgery and keeps decreasing in 6, 12, 24, 36 months

Time n Serum calcium F P
Pre 235 2.31+0.11 12.844 <0.05
3 months 216 2.35+0.12

6 months 209 2.31+0.12

12 months 195 2.29+0.11

24 months 123 2.27+0.10

36 months 68 2.25+0.11

Table 3 250HD keeps a stable condition after surgery in 3-year follow

Time n 250HD F P
Pre 234 15.03+6.14 1.957 >0.05
3 months 216 15.87+6.93

6 months 209 16.63+7.15

12 months 193 16.94+8.18

24 months 125 15.77+8.35

36 months 68 16.95+7.42

© Translational Cancer Research. All rights reserved.
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Table 4 PTH has a consistently increasing tread post-operation in 3 years

Time n PTH F P

Pre 221 39.74+15.22 21.328 <0.05

3 months 216 41.79+15.81

6 months 207 43.04+16.35

12 months 193 46.10+14.63

24 months 125 55.59+20.05

36 months 68 54.36+21.49

Table 5 BMI is decreasing sharply post-operation in 3 years

Time n BMI F P

Pre 221 31.37+3.52 95.01 <0.05

3 months 216 25.60+2.86

6 months 207 24.48+2.90

12 months 193 24.22+2.89

24 months 125 24.77+3.30

36 months 68 24.83+3.15

Table 6 Pearson correlation PTH and calcium levels in the normal range, indicating

Parameters r p that vitamin D deficiency is not related to bone metabolism

250HD —0.0179 0.05 before bariatric surgery. Wortsman ez /. found that
decreased bioavailability of vitamin D; from cutaneous and

ca 0.053 >0.05 dietary sources could explain obesity-associated vitamin D

PTH —-0.009 <0.05

P<0.05 means significant different. 250HD and PTH has a
negative association with BMI. Ca®* has no relationship with BMI.

was 15.03+6.14 pg/mL. 25OHD levels <20 pg/mL indicate
vitamin D deficiency, and 21-29 pg/mL indicates vitamin
D insufficiency (8). Based on these values, 16.4% of obese
patients are diagnosed with vitamin D insufficiency, and
79.0% with vitamin D deficiency. It shows that 0.5 pg
alfacalcidol daily for patients is not enough to avoid
vitamin D deficiency. Vitamin D levels are related to skin
color, diet, and decreased sun exposure, in China. Low
plasma 250HD is associated with insulin resistance and
low-grade inflammation (9). Lower vitamin D levels in
obese patients with T2DM are a consistent problem that
requires attention. Preoperative mean calcium levels in
obese patients are 2.31+0.11 mmol/L and mean PTH is
39.74£15.22 ng/L. Low vitamin D levels can be seen with

© Translational Cancer Research. All rights reserved.

insufficiency and deficiency (10).

Lower fat intake affects absorption of vitamin D, which
is fat-soluble, in the ileum and jejunum, and LRYGB
bypasses the duodenum and proximal jejunum, the primary
sites of calcium absorption (11). LRYGB dramatically
reduces caloric intake with concomitant changes in eating
behavior. Patients restart their diet as liquids only, and
gradually progress to half-liquid then full diet, which
takes at least 3 months. During this period, patient’s fat
and vitamin D intake is limited. In patients with obesity
with preoperative vitamin D deficiency, limited intake
may worsen this situation. Although poor digestion and/
or poor absorption may affect the serum levels of 250HD
and calcium, serum 250HD remained stable in our study
because of supplementation. Recent guidelines suggesting
1,200-1,500 mg/d of calcium citrate and 3,000 IU/day
of vitamin D (12). As Figure 1 and Table 3 show, the
multivitamin and alfacalcidol supplementation in our study
prevented declining 250OHD levels; however, patients

Transl Cancer Res 2020;9(4):2534-2541 | http://dx.doi.org/10.21037/tcr.2020.03.01



2538

25 =

T T T T T
Pre 3 6 12 24 3

Time (months)

S =

C PTH
60-

55 =

50 =

PTH (ng/L)

40+

35

T T T T T T
Pre 3 6 12 24 36

Time (months)

Wang et al. Bone metabolism in Chinese patients after LRYGB

B 250HD
20+
E 184
(=)
3
[a)]
T
2 164
N
14+
1 1 1 1 1 I
Pe 3 6 12 24 36

Time (months)

CaZ+

2.40m
I 2.35 .
o
£
£ 230+
2
K]
©
O 2254

2‘20 ] T L] | | |

Pre 3 6 12 24 36

Time (months)

Figure 1 Serum calcium (D) increased in first 3 months after surgery and keeps decreasing in the following time while 25OHD (B) keeps a

stable condition. And PTH (C) has a consistently increasing tread post-operation in 3 years. Besides that, BMI (A) decreased sharply post-

operation in 3 years. *P<0.05.

were still vitamin D deficient. Helping patients maintain
sufficient vitamin D levels is important after LRYGB.

In our study, PTH was negatively correlated with serum
250HD (P<0.05). Long-term vitamin D deficiency causes
secondary hyperparathyroidism, high bone turnover,
bone loss, and increases the risk of fractures (13). In our
study, serum 250HD remained low with no further rapid
decrease postoperatively. Studies report that secondary
hyperparathyroidism develops once 250HD levels are
<30 pg/mL (14). Vitamin D deficiency may not affect bone
turnover directly, but it might regulate bone turnover by
PTH. A certain degree of increased PTH may compensate for
keeping normal bone turnover rate (15). Higher PTH may also
increase the risk of fractures. Recommended supplementation
of 1,200 mg calcium and 0.5 pg alfacalcidol is not enough for
avoid postoperative secondary hyperparathyroidism, though
it maintained serum 250HD levels in our study. However,
we saw no indication of increased bone loss among patients
developing mild secondary hyperparathyroidism 24 months

© Translational Cancer Research. All rights reserved.

postoperatively (16). Yu et al. reported that many LRYGB
patients require significantly higher doses of vitamin Dj (as
much as 50,000 IU/day) to maintain sufficient vitamin D levels
and avoid secondary hyperparathyroidism (17).

Calcium levels may decrease following LRYGB because
of both vitamin D deficiency and lower calcium absorption
post-LRYGB. In addition, fat malabsorption following
diet changes impacts serum calcium. Lower fat intake
increases free fatty acid levels, which combine with calcium
to form insoluble calcium soap, which is excreted, further
worsening calcium loss. Additionally, PTH regulates
calcium homeostasis. Unfortunately, we saw lower calcium
levels in our patients, despite the presence of secondary
hyperparathyroidism and calcium supplementation. In our
study, serum calcium levels approached the lower limit of
the normal range (2.25-2.75 mmol/L) at 6, 12, 24, and
36 months, but did not exceed the normal range. Some
researchers consider that preoperative LRYGB calcium
absorption efficacy is sufficiently high that postoperative
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Figure 2 CTX-1 and BAP has no significant changes in pre, 6, 12, 24 months (P>0.05). But they still have subtle changes—CTX-1

increasing in first 12 months and decreasing in second year and BAP increased slowly.

values decline to within the normal range (18). Both pre-
and postoperative serum calcium levels were in the normal
range (2.25-2.75 mmol/L) with slight fluctuations in the
first 3 months after surgery (Figure 1 and Table 2).

Regarding bone loss, some researchers believe that there
is an association between drastic weight loss and bone
loss (19); however, in our study, we found no relationship
between BMI and calcium levels (P>0.05). Weight loss has
not been confirmed as the mechanism for bone loss post-
LRYGB; however, continuously increasing PTH levels are
associated with a high risk of fracture and bone loss, and
has a negative association with BMI. When BMI decreases,
PTH levels may continue to increase without changes in
250HD levels. Therefore, decreased BMI may be a factor
in bone loss after bariatric surgery.

Currently in China, there is no consensus regarding
who should receive supplementation or the quantities,
but supplementation is generally recommended in
patients with a high risk of fracture. The complication of
gradually increasing PTH and secondary hyperthyroidism
remains a concern. Although postoperative multivitamin
supplementation helped to some degree, the ideal dose of
vitamin D is undetermined. A study from China showed
that 1,600 IU/d effectively improved bone loss, and that
a low dose of vitamin D supplementation (400 1U/d)
showed no obvious improvement in BMD (20). The 2013
guidelines stated that oral doses of 3,000 IU/d vitamin D
should be provided post-LRYGB with elemental calcium
supplementation as high as 1,200-1,500 mg/d to prevent or
minimize secondary hyperthyroidism (21). Another study
showed that 1,600 IU/d is a safe dose for Chinese patients;
however, vitamin D allergy cannot be ignored (19). Overall,
studies stress the importance of regular monitoring of

© Translational Cancer Research. All rights reserved.

calcium, 250HD, and PTH, and determining the ideal
doses of vitamin D; and calcium supplementation post-
LRYGB.

BAP, which is a tetrameric membrane glycoprotein
derived from osteoblasts, is a biomarker of bone formation
and bone turnover, and levels are increased in vitamin D
deficiency (22,23). Bruno et al. showed that increased BAP
6 and 18 months after RYGB was correlated with decreased
leptin levels (24). High BAP levels indicate bone loss, and
low calcium levels in bone activates osteoblasts, which
causes an imbalance between osteoblasts and osteoclasts
and results in osteoporosis and a high risk of fracture.
Although BAP was in the normal range in our patients,
with no significant increase, we saw a gradual increase
when comparing pre- and postoperative levels. Because we
screened only 16 patients at 6 months post-LRYGB, BAP
change was not statistically significant (P>0.05) (Figure 2).
Increasing PTH and BAP indicate that patients may have
vitamin D deficiency, which emphasizes the importance of
full supplementation post-LRYGB.

CTX-1 is a bone resorption marker and a degradation
product of type I collagen. CTX-1 levels increase rapidly in
women with osteoporosis, indicating that osteoclast activity
is significantly enhanced (25). CTX-1 in our 16 patients
increased rapidly in the first 6 months after surgery, and
this finding is associated with a greater risk of fracture.
However, in the second-year post-LRYGB, CTX-1
decreased, although the change was not significant (P>0.05).
We believe this nonsignificant change resulted from the
supplementation regime we used in this study; however, the
sample size was small, which may have affected the result.

Unfortunately, BMD and other related bone turnover
markers are not measured routinely and remain to be added
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to regular sequential examinations in our surgical center.
Decreased BMD and increased bone turnover markers
reflect bone loss (4); however, the relationship between
indices remains undefined.

There are several limitations in our study. One of the
limitations is the retrospective design, which can introduce
selection bias and involve incomplete data collection. Bias
can be decreased with a secondary propensity-matched
analysis, but uncaptured or unknown factors may affect
the outcomes. We also did not compare different levels of
supplementation. Second, our sample size of 16 patients
was too small to confirm our BAP and CTX-1 results, and
BMD and other bone turnover markers are not measured
routinely. Finally, our follow-up duration was short. Despite
these limitations, our results emphasize the importance of
investigating bone metabolism in Chinese obese patients

after LRYGB.

Conclusions

LRYGB benefits patients with obesity and type 2
diabetes mellitus. Achieving and maintaining weight loss
is an important benefit of bariatric surgery. However,
postoperative stable and insufficient 250HD levels,
decreased serum calcium levels, and increasing PTH
levels necessitate supplementation to prevent bone
loss. Long-term-follow-up and vitamin D and calcium
supplementation is important and beneficial, nutritionally.
Future directions for research include determining ideal
vitamin D and calcium supplementation doses, and adding
bone index evaluations as part of routine examinations may
help clarify why LRYGB can lead to bone loss, and whether
other bariatric methods share the same mechanism. This
information may provide a better understanding of the
relationship between bone metabolism and bariatric surgery.
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