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. ABSTRACT

Background: Despite the improvement in health, activity, and quality of life of patients

Article info: with morbid obesity following bariatric surgery, such an operation may result in potential

Received: 16 Nov 2021 : complications such as metabolic disturbances, especially in bone metabolism. This study aimed
Accepted: 23 Dec 2021 . to evaluate the extent of Bone Mineral Density (BMD) changes in older patients with morbid
Publish: 31 Dec 2021 . obesity and its relation with bone metabolism indices.

Methods and Materials: This study was a single-center cross-sectional study on 50 morbidly
obese patients over 50 years old who were candidates for bariatric surgery. Before and 6 months
after surgery, the values of BMD, anthropometric indices, and metabolic serum biomarkers were
assessed.

Results: BMD examination before and 6 months after surgery showed decrease in the mean+SD
BMD values in hip region from 1.242+0.136 to 1.117+0.112 g/cm?, in the femoral neck from
1.10940.131 to 0.987+0.127 g/cm?, and in the lumbar spine from 1.253+0.146 to 1.190+0.135
g/cm?. The analysis of BMD changes showed a significant decrease in the bone density of all
site measurements but with variable amounts. The decrement of BMD in the hip and femoral
neck was significant but not in the spine. The analysis of bone metabolism markers showed a
Keywords: significant increase in 25-hydroxy vitamin D and alkaline phosphatase levels but a decrease in

Sleeve gastrectomy, Bone calcium and Parathyroid Hormone (PTH) during 6 months of follow-up.

mineral density, Calcium, Conclusion: There is a significant decrease in BMD at various skeletal areas, including the
Vitamin D, Parathyroid . femoral neck and hip region. Such changes can be in line with the changes in some serum
hormone, Metabolism : metabolic and hormonal biomarkers such as calcium, PTH, vitamin D, and alkaline phosphatase
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1. Introduction

owadays, bariatric surgery is the best
way to reduce weight in morbidly obese
patients [1]. Weight loss caused by bar-
iatric surgery has proven efficacy in co-
morbidity and metabolic indices such as
glucose metabolism and heart diseases. Nevertheless,
in some aspects, such as bone metabolism, it can yield
some undesired outcomes [2-4]. studies show that the
fracture rate increases after bariatric surgery [5]. A meta-
analysis shows that the risk ratio of non-vertebral frac-
ture is about 1.42 after bariatric surgeries [S]. Fracture
risk after mixed restrictive and malabsorptive procedures
is higher than restrictive procedures (RR: 1.54, 95%CI:
0.96-2.46) [5]. The underlying mechanisms of fracture
after bariatric surgery may result from a combination of
metabolic, hormonal, and mechanical factors [6]. These
etiologies may reduce Bone Mineral Density (BMD) [7].
Some studies showed relationships between decreased
BMD and metabolic derangements in the calcium and
vitamin D and Parathyroid Hormone (PTH) levels, but
others did not find such associations [3]. Because of
lower BMD and higher possibility of falling and bone
fractures in older people, these changes are significant
in older patients undergoing bariatric surgery [8]. Frac-
ture risk after mixed restrictive and malabsorptive pro-
cedures is higher than solely restrictive procedures (RR:
1.54, 95% CI: 0.96-2.46) [5].

This study evaluated BMD changes in older patients
and their relationships with bone metabolism indices.

2. Materials and Methods

This study was a single-center cross-sectional study
conducted on morbidly-obese patients over 50 years
old candidates for bariatric surgery. Institutional Review
Board approval was obtained before enrolling the study
patients (IR.SBMU.RETECH.REC.1397.534). All pa-
tients must have met the standard criteria for bariatric
surgery introduced by the American Society for Meta-
bolic and Bariatric Surgery (ASMBS), such as BMD
over 40 or over 35 with associated comorbidities such as
Type 2 Diabetes Mellitus (T2DM ) or Obstructive Sleep
Apnea (OSA) without any contraindication for bariatric
surgery and age over 50 years [9]. Based on our clinic
protocol, we suggest a restrictive procedure such as Lap-
aroscopic Sleeve Gastrectomy (LSG) ( if there was not
any contraindication) for patients over 50 [5]. The enrol-
ments were performed from April 2018 to May 2020.

lABS

The exclusion criteria were failure to cooperate with
the study or having a documented history of bone dis-
eases and taking medications such as bisphosphonates.
Patients who took oral glucocorticoids or estrogen re-
placement therapy within 1 year of operation were ex-
cluded from our study. Other exclusion criteria included
active smoking, prior bariatric surgery, weight >159 kg
(the Dual-energy x-ray Absorptiometry [DXA] scan-
ner weight limit), estimated Glomerular Filtration Rate
(GFR) <30 mL/min/1.73 m?, and disorders of calcium
homeostasis or bone metabolism (e.g. primary hyper-
parathyroidism or Paget>s disease).

Before the operation, dietitian consultation was per-
formed for all patients, and they were screened for vi-
tamin and micronutrient deficiencies. If any laboratory
values were found abnormal, the deficiencies were treat-
ed correspondingly before the operation. All the patients
were scheduled for surgery after normalization of their
vitamins and micronutrient values.

LSG was performed based on 80% removal of the gas-
tric mass. The detailed procedure was mentioned in pre-
vious articles [10].

After the operation, the patients were instructed to use 2
adult multivitamin minerals tablets (each containing iron,
folic acid, and thiamine) plus elemental calcium (1500
mg/d) and vitamin D (3000 IU) based on ASMBS rec-
ommendations [9]. Postoperative visits were performed
10 days, 1, 3, and 6 months after surgery. If the patient
developed any postoperative complication such as anas-
tomotic leakage, which needed readmission, the patient
would be excluded from the study. Before and 6 months
after the operation, the patients’ weights and BMIs were
measured and recorded. Also, their blood and urine tests
were obtained for measuring serum calcium, phosphate,
25-hydroxy vitamin D, creatinine, parathyroid hormone,
alkaline phosphatase, and 24 h urine calcium.

All patients underwent dual-energy x-ray absorpti-
ometry or DXA using a Lunar DPXL densitometer to
measure lumbar spine, femoral neck, and total hip BMD
values. BMD was evaluated within 2 weeks before op-
eration and 6 months after it. Measurements were made
by the same device and according to the standard proto-
col and with daily calibration by two experienced techni-
cians certified by the International Society for Clinical
Densitometry (ISCD). BMD was measured after over-
night fasting, with the participant in the supine position
and wearing a hospital gown.
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The biomarkers were also assessed before and 3, and 6
months after the operation. In this regard, calcium was
measured by an automated analyzer with the normal
reference value of 8.6-10.3 mg/dL (2.20-2.50 mmol/L).
Parathyroid Hormone (PTH) was measured by the Al-
legro intact PTH immunoassay that the reference ranges
for serum PTH was 1.1-6.8 pmol/L for those <51 years
and 1.1-7.5 pmol/L for those >50 years. Phosphorus
was measured by an enzymatic method considering the
normal values ranged from 3.4 to 4.5 mg/dL (1.12 to
1.45 mmol/L). Alkaline phosphatase was measured by
a reaction principle spectrophotometer with the normal
range of 44 to 147 TU/L or 0.73 to 2.45 pkat/L. The study
endpoint was to assess the changes in BMD and other
biomarkers measured following LSG.

The results were presented as mean+Standard Devia-
tion (SD) for quantitative variables and absolute frequen-
cies and percentages for categorical variables. Categori-
cal variables were compared using the Chi-square test
or Fisher’s exact test when more than 20% of cells with
an expected count of less than 5 were observed. Quan-
titative variables were also compared with the t test. To
assess changes in BMD during the follow-up time, the
paired t test or Wilcoxon test was employed. For the sta-
tistical analysis, SPSS version 22.0 for windows (SPSS
Inc., Chicago, IL) was used. P values of 0.001 or less
were considered statistically significant.
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3. Results

A total of 50 patients were enrolled in the study. Six
patients were excluded because of losing follow-up and
one because of early postoperative admission due to por-
tomesenteric thrombosis. Thus, 43 patients completed
the 6 months follow-up. Of whom, 38 (76%) were fe-
male; the mean+SD age of patients was 58.7+6.2 years.
Their preoperative weight and BMI were 128.114+25.36
kg and 43.48+7.66 kg/m?, respectively (Table 1). On
the postoperative evaluation, a significant reduction of
weight and BMI was detected (P=0.001).

The analysis on urine bone metabolism markers (Table
1) showed a significant increase in 25-hydroxy vitamin
D and alkaline phosphatase levels during 6 months af-
ter surgery (from 21.86+7.22 to 28.9249.06 ng/mL and
from 111.9445.71 to 143.50+9.79 U/L, respectively).

Also, evaluations showed that 24-h urine calcium and
parathyroid hormone significantly decreased during 6
months of follow-up. Other markers did not change sub-
stantially after 6 months (Table 1).

BMD examination before and 6 months after sur-
gery showed decrease in the BMD in hip region from
1.242+0.136 to 1.117+0.112 g/cm?, in the femoral neck
from 1.109+0.131 to 0.987+0.127 g/cm?, and in the
lumbar spine from 1.253+0.146 to 1.190 0.135 g/cm?
The analysis of BMD changes showed a significant de-
crease in the bone density of all site measurements but

Table 1. The anthropometric parameters and serum biomarkers before and 6 months after surgery

LSG (MeanSD)
Variables P-Value®
Before After 6 Months
Weight (kg) 128.11+25.36 98.12+19.13 0.001
BMI (kg/m?) 43.48+7.66 33.30+5.13 0.001
25-Hydroxy vitamin D, (ng/mL) 21.86+7.22 28.9249.06 0.001
Calcium (mg/dL) 9.1+0.5 9.5+0.4 0.86
Creatinine (mg/dL) 0.81+0.15 0.82+0.17 0.91
24-h urine calcium (mg/24 h) 241.6+116.8 137.2+52.8 0.001
Parathyroid hormone (pg/mL) 53.4+14.5 44.6+17.0 0.001
Phosphate (mg/dL) 4.4+0.39 4.6+0.27 0.87
Alkaline phosphatase (U/L) 111.94+5.71 143.50+9.79 0.001
Abbreviations: BMI, Body Mass Index; LSG, Laparoscopy Sleeve Gastroscopy ‘ ABRS

aPaired t-test
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Table 2. The Bone Mineral Density (BMD) values before and at 6 months after surgery

BMD, g/cm? Before LSG 6 Months After LSG % Decrease P-Value®
Hip 1.242+0.136 1.117+0.112 10 0.001
Femoral neck 1.109+0.131 0.987+0.127 9.1 0.001
Spine (L1-L4) 1.253+0.146 1.190+0.135 5.1 0.82
Total 1.289+0.132 1.193+0.115 7.4 0.001
Abbreviations: LSG, Laparoscopy Sleeve Gastroscopy ‘ ABS

2 Paired t-test

with variable amounts (Table 2). The decrement of BMD
was significant in the hip and femoral neck but not in the
spine.

4. Discussion

There is controversial evidence about bone mass
changes, especially BMD following bariatric surgery in
people with morbid obesity. While some studies report a
significant decrease in this index, others do not support
it. In this study, we evaluated the changes in BMD within
six months after LSG. The study showed a significant
decrease of BMD in hip and femoral neck sites after six
months of follow-up, but not in the spine. Most studies
have emphasized BMD reduction in different areas after
bariatric surgery, inconsistent with our findings. Carras-
co et al. [11] reported a significant decrease in BMD in
the spine and femoral neck positions after gastric bypass,
which is consistent with our study only with the changes
in the femoral neck area. Adamczyk et al. [12] demon-
strated decreased BMD values in the femoral neck and
hip but no change in total BMD. Another study by Ad-
amczyk et al. [13] remarked a slight decrease in total
BMD and no decrease in spinal column BMD. In con-
trast, total hip and femoral neck BMD were significantly
reduced. A study by Vilarrasa et al. [14] noted a signifi-
cant decrease in BMD considering age and lean body
mass as predictors for BMD reduction. Nevertheless, the
decrease in BMD lacked any association with the levels
of calcium, PTH, 25 (OH) vitamin D3 and IGF-I.

Various mechanisms have been proposed about BMD
changes following bariatric surgeries. Skeletal loading
and weight-bearing are essential factors in bone metabo-
lism and remodeling [15]. In other words, following bar-
iatric surgery and due to restrictive and malabsorptive
states, the skeletal load may be significantly reduced. In
other words, malabsorption may be accompanied by im-
paired calcium and vitamin D absorption, predisposing
patients to hypocalcemia and secondary hyperparathy-

roidism, ultimately leading to bone loss. Muschitz et al.
[16] reported the increased levels of osteocyte-secreted
sclerostin, load-responsive hormones after bariatric sur-
gery that was associated with decreased BMD. It is note-
worthy to say that mechanical unloading is not enough
for explaining the decrease in BMD after the plateau
phase of weight loss because BMD decrease has been
seen at the non-weight-bearing bones such as radius after
bariatric surgery [17, 18].

As shown in our study, along with the changes in an-
thropometric indices following LSG, significant changes
have also happened in serum biomarkers, such as the de-
crease in serum calcium and PTH level as well as the
increase in serum vitamin D and alkaline phosphatase.
Body deprivation of a variety of macronutrients and mi-
cronutrients after LSG will decrease in calcium and vita-
min D reservoirs of bones, gradually resulting in reduced
mineral content of the bones and hence the decrease in
BMD [19]. The others suggest that malabsorption caused
by bariatric surgeries and delayed mixture with enzymes
are responsible for nutrient deficiencies [15, 20]. Many
studies show that the effects of hormonal changes on
BMD are more prominent than its effect on electrolyte
changes. Ivaska et al. reported a significant decrease in
bone turnover markers without any volumetric BMD
changes 6 months after surgery [21]. Altered hormonal
status and especially PTH and other hormonal pathways
involving metabolic balancing play an essential role in
BMD changes after bariatric surgery [22-26]. Extensive
loss of fat mass following bariatric surgery results in an
increase of adiponectin, insulin-like growth factor 1, and
total testosterone, as well as a reduction in leptin, estradi-
ol, and insulin levels. An increase in glucagon-like pep-
tide-1 and peptide Y'Y levels have also been documented
after most of bariatric surgeries [27]. Previously, Hage

et al. [24] reported that increased adiponectin and pep-
tide YY with reduced levels of estradiol, leptin, insulin,
and potentially ghrelin would result in decreased bone
mass. Also, recent studies suggest that gut hormones and
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adipokines may affect bone metabolism [23]. Ziru Li
et al. [28] recently have proposed a mediatory role for
Granulocyte—Colony-Stimulating Factor (G-CSF). They
conducted a mouse model of vertical sleeve gastrectomy
and noted a decrease in trabecular and cortical bone ac-
companied by impaired osteoid mineralization and bone
formation with increased G-CSF.

In the present study, the significant decrease in PTH
level within 6 months of surgery was highlighted. There
is controversial evidence of PTH levels after bariatric
surgeries in the literature. Some mention its increase
while others do not [3, 15, 25, 29-31]. Alteration in PTH
levels after surgery may be associated with changes in
cancellous and cortical bone, as increased levels of PTH
are associated with greater bone loss of femoral neck,
loss of cortical tibia bone, and preservation of lumbar
spine cancellous bone [25, 32, 33]. Bredella et al. [30]
reported that although serum calcium, PTH, and vitamin
D levels remained unchanged at 12 months post-surgery,
a significant decrease in the lumbar spine and femoral
neck BMD occurs 12 months after surgery.

5. Conclusion

There is a significant decrease in BMD at various skel-
etal areas, including the femoral neck and hip region.
Such changes can be in line with the changes in some
serum metabolic and hormonal biomarkers such as calci-
um, PTH, vitamin D, and alkaline phosphatase. Further
studies could clarify detailed mechanisms and appropri-
ate preventive measures.
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