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Introduction
Severe obesity and its complications are among the most critical 
causes of public health and one of the leading preventable causes 
of death worldwide. Physicians consider this problem to be one 
of the most severe public health problems of the 21st century.[1,2] 
This disease is the cause of many diseases such as cardiovascular 
diseases, Type  II diabetes, sleep apnea, some cancers, and 
osteoarthritis.[3‑5] Diet and exercise together can control 
overweight and related disorders, but the most effective obesity 
treatment is bariatric surgery (BS). This operation is the most 
effective treatment for weight loss, recovery from dyslipidemia, 
type II diabetes, high blood pressure, and fatty liver disease after 
noninvasive therapies for patients with body mass index (BMI) 

≥40 kg/m2. Hence, it should be along with training in nutritional 
and close follow‑up.[1] More than 20 years have passed since 
the 1991 National Institutes of Health Consensus Development 
Conference statement on gastrointestinal surgery to treat severe 
obesity. However, BMI is still the essential factor in determining 
patients who are candidates for these surgeries. In general, 
accepted criteria for surgical treatment include a BMI higher 
than 40 kg/m2 or a BMI higher than 35 kg/m2 in combination 
with high‑risk comorbid conditions or lifestyle‑limiting 
obesity‑induced physical conditions.

Unfortunately, this treatment is not without side effects. 
Adverse effects can be gastroesophageal reflux, abdominal 
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pain, malnutrition and deficiency of vitamins and minerals, 
gallstones, and surgical complications.[6‑8]

One of the most critical complications of this surgery, which 
has been widely discussed recently, is its adverse effects on 
the health of the bones and skeletal system, which have been 
discussed in many articles.[5‑11] In addition, the side effects 
of BS can have devastating effects on bone and mineral 
metabolism.[12] After BS, the bone loss is due to several factors 
that we will discuss in this article.[10] For example, one of them 
is the type of operation chosen. Several review articles have 
noted the negative effect of Roux‑en‑Y gastric bypass (RYGB) 
on skeletal system health. However, this type of surgery is still 
increasingly used to treat obesity.[11,13]

There is not much information about all these interpretations, 
especially about the pathophysiology of bone loss and 
diagnostic methods for this complication after BS. Therefore, 
the primary purpose of this study was to provide a summary of 
recently published information on the impact of BS on patients’ 
bone health, including; investigation of pathophysiology and 
mechanisms and fracture risks of bone loss along with review 
and comparison of diagnostic methods and evaluation of bone 
health in patients undergoing BS. Finally, we will discuss the 
prevention and treatment methods following BS according to 
the latest studies and published guidelines.

Materials and Methods
A literature search was carried out based on the 
Preferred Reporting Items for Systematic Review and 
Meta‑Analyses  (PRISMA) guidelines.[14] We conducted 
a systematic search using PubMed, Google Scholar, and 
Scopus, which was consulted for articles published by May 
2021. We used Mesh terms and keywords which included 
“Sleeve Gastrectomy,” “One Anastomosis Gastric Bypass,” 
“Roux‑en‑Y Gastric Bypass,” “OAGB,” “RYGB,” “Bone 
Loss,” “Bone metabolism,” “Nutrition,” “Bone Mineral 
Density,” “QCT,” “Quantitative CT,” “DXA,” “Fracture Risk,” 
“Exercise,” or a combination of them in the titles or abstracts. 
Studies published before January 2015 were excluded. Two 
of the authors independently assessed the eligibility of the 
papers according to the PRISMA guidelines. The references 
of the articles were manually reviewed for additional relevant 
documents. The duplicate studies were removed. We updated a 
previous search on nutrient replacement guidelines following 
bariatric surgery. Finally, we summarized the results of studies 
by topic [Figure 1].

An Overview of Available Methods of 
Bariatric Surgery
BS is divided into two categories of restrictive and malabsorptive 
operation. The main effect of restrictive surgeries is to reduce 
the amount of food consumed by reducing the volume of 
the stomach. Whereas in malabsorptive procedures, a part 
of the small intestine is bypassed from the digestive system. 

Therefore, the success rate of BS depends on the patient’s 
efforts to follow a diet and reduce the amount of food 
consumed.[15‑17]

According to these points, BS can be divided into four 
primary operations; adjustable gastric banding (AGB), sleeve 
gastrectomy (SG), RYGB, and Biliopancreatic Diversion with 
Duodenal Switch (BPD‑DS) [Figure 2].[18]

Adjustable Gastric Banding
AGB is a less invasive procedure than gastric bypass (GB) and 
SG. In AGB, a silicone elastomer ring with an internal inflatable 
wall is approximated one cm below the gastroesophageal 
junction.[18] This method has almost no postoperative mortality, 
and post‑operative morbidity is minimal. According to the 
results, a 6‑year follow‑up causes 53%–57% weight loss. 
As mentioned; adjustability and reversibility are significant 
advantages over most other methods.[19] The mechanism of AGB 
is produced by reducing the volume of the gastric inlet. However, 
due to the high recurrence of weight gain and the side effects of 
banding (erosion, slippage, and prolapse) in long‑term use, the 
tendency to perform this operation has decreased.

Sleeve Gastrectomy
In this type of surgery, removing a large part of the stomach 
longitudinally (at 5–6 cm from the pyloric valve to the fundus 
near the cardia) makes the stomach lose more than 85% of 
its original size. As a result, a sleeve or tube‑like structure 
remains, with an approximate size of about 150 ml.[20] It also 
causes hormonal changes such as decreased ghrelin secretion. 
Complications include bleeding and leakage after surgery. The 
90‑day mortality is 0.06%.[21]

Roux‑en‑Y Gastric Bypass
In this surgery, the stomach is divided into a small gastric 
pouch (20 mL) at the top and a much larger “remnant” sac at the 
bottom. The upper part is connected to the small intestine just 
after the duodenum by the Roux or alimentary limb. Surgeons 
have developed several different methods for intestinal 
reconnection, each of which results in a significant reduction in 
functional gastric volume.[22] This treatment is the gold standard 
in BS[23] RYGB effects include; decreased stomach volume, 
moderate absorption, and hormonal changes. In addition, 
absorption of undigested nutrients in the gastrointestinal 
tract leads to the secretion of incretins, loss of hunger, and a 
significant improvement in blood glucose homeostasis from 
the day of surgery.[24]

According to the results, this type of surgery improves 
fatty liver disease, osteopathy, and liver fibrosis.[25,26] 
Acute complications of this operation include peritonitis, 
anastomotic leakage, and bleeding. Its long‑term effects are 
intestinal obstruction  (internal hernia, bezoar) and nutrient 
deficiencies.[24]
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Biliopancreatic Diversion with a Duodenal 
Switch
It is a less standard weight loss procedure that involves two 
essential steps. The first stage is an SG, in which about 85% 
of the stomach is removed, and a smaller tubular stomach 
remains. However, pyloric valve remains with the limited part 
of the small intestine that generally connects to the stomach 
(first part of duodenum).

The second stage bypasses most of the intestine by connecting 
the end of the intestine to the first part of the duodenum 
(duodenoileostomy).[27] In addition to reducing the volume 
of food, this action also reduces the absorption of nutrients, 
including proteins and fats. Although this surgery is very effective, 
it will have more risks, including malnutrition and vitamin 
deficiencies.[21] These risks make this method rarely performed 
and is usually recommended for people with a BMI >50.[28]

New Procedures
Due to the possibility of weight gain after long‑term follow‑up 
of GB patients and the high complications of BPD‑DS, 
surgeons tried to eliminate this problem. A single‑anastomosis 
duodenal‑ileal bypass with sleeve (SADIS) was introduced as 
a life‑saving method in BS. To solve the problem, according to 
studies, promising results were seen in patients losing weight 
and reducing comorbidity, but the prevalence of macro‑nutrient 
deficiency was also seen following SADIS.[29] SG and transit 
bipartition (SG + TB) is another new method of BS that leads 

to early satiety and rapid and continuous weight loss, low 
complication rate, and lack of absorption. This strategy leads to 
remission or significant improvement in comorbidities, including 
diabetes, without removing the duodenum.[30] T. B. is an excellent 
supplement for SG With all these interpretations, the information 
obtained about these surgical procedures is limited and requires 
further study. Omega bypass surgery (one anastomose gastric 
bypass  [OAGB]) is another new method of BS. The gastric 
pouch is created with a higher height than the gastric pouch in 
RYGB surgery in this method. Anastomosis is performed by 
loop gastrojejunostomy at a distance of 150–200 cm from the 
ligament of Treitz. Weight loss in this procedure is significantly 
more than RYGB surgery, and due to a fewer anastomosis than 
RYGB, the duration of surgery is shorter.

Bariatric Surgery Effectiveness and 
Limitations
Deficiencies of vitamins and other nutrients such as protein, 
iron, Vitamin B12, folate, calcium, and fat‑soluble vitamins 
are common following RYGB, BPD, and BPD‑DS surgeries. 
However, these deficiencies appear to be more significant 
in malabsorptive procedures (such as BPD) than restrictive 
procedures.[31] In addition, studies show that bone mineral density 
(BMD) decreases significantly in the early years after BS. Also, in 
a study to evaluate long‑term bone loss after RYGB and SG, the 
rate of bone loss during the 1st year was higher than in subsequent 
years.[32] the types of obesity surgeries based on risks, limitations 
and effectiveness can be compared and examined in Table 1.[33]

Bone Health and Bariatric Surgery
Bone loss mechanism af ter bariatric surgery 
(pathophysiology)
In addition to maintaining the body’s integrity, the skeletal system 

Id
en

tif
ic

at
io

n
S

cr
ee

ni
ng

E
lig

ib
ili

ty
In

cl
ud

ed
Article identified through

the databases
(n = 362)

Articles after Duplicates
removed (n = 193)

Articles after title and abstract
screening (n = 63)

Articles after full-text
screening (n = 38)

Included studies
(n = 38)

Records excluded
(n = 130)

Excluded articles (n = 25)
Irrelevant variables (n = 21)

Other reasons (n = 4)

Figure  1: Preferred repor ting items for systematic reviews and 
meta‑analyses

Figure  2: B.S. procedures in order of malabsorption;  (a) Adjustable 
Gastric Band (AGB), (b) Vertical Sleeve Gastrectomy (VSG) or Sleeve 
Gastrectomy  (S.G.),  (c) Roux‑en‑Y Gastric Bypass  (RYGB),  (d) 
Biliopancreatic Diversion with a Duodenal Switch  (BPD‑DS),  (e) 
One Anastomose Gastric Bypass  (OAGB),  (f) single‑anastomosis 
duodenal‑ileal switch (SADI), and (g) Biliopancreatic Diversion (BPD)

dc

g

b

f

a

e



Sayadi Shahraki, et al.: Bone health after bariatric surgery: an update

4 	 Advanced Biomedical Research | 2022

and bones are also part of the human body’s endocrine system. 
As a result, the bones are constantly remodeling and are wholly 
renewed.[35] According to research, the human body’s skeletal 
system is entirely restored almost every 10 years, but this renewal 
rate is faster in the spongy parts than in the bone marrow.[36]

Researchers have attributed the higher BMD in obesity 
to higher bone mechanical load and hormonal activity. 
Undoubtedly, other genetic and environmental factors such as 
diet, exercise, and smoking affect BMD, too.[37] According to 
recent studies, being overweight due to fat may be detrimental 
to bone health. Factors such as increased adipogenesis in 
bone marrow  (decreased osteoblastogenesis), the activity of 
inflammatory cytokines (c‑reactive protein, interleukin‑6 [IL‑6], 
and tumor necrosis factor‑alpha  [TNF‑α]), excessive leptin 
secretion, and decreased adiponectin are involved in this 
process.[37,38] With all these interpretations, the relationship 
between body mass and skeletal status is very complicated. It is 
not clear to researchers that obesity is a factor in strengthening 
bone mass or vice versa. According to studies, the rate of BMD 
reduction with weight loss varies in different populations, but there 
is a prominent point in this research; weight loss is associated with 
significant BMD reduction in postmenopausal women and older 
men.[39,40] Numerous factors and their interactions are involved in 
changes in the skeletal system during weight loss, but the effects 
of some of them are not yet fully understood.[41] Undoubtedly, 

metabolic changes affecting bone loss after surgery occur more 
extensively and rapidly than standard weight loss.

On the other hand, these rapid changes are accompanied by 
minimal food intake, micronutrient absorption, and other 
metabolic changes.[42] Researchers attribute the leading 
causes of postoperative bone loss mechanisms to mechanical 
unloading and reduced initial absorption of calcium and 
vitamin D along with hormonal changes  (gut and gonadal 
hormonal changes). Still, factors such as lean mass loss and 
increased bone marrow fat are also involved.[43,44]

With all these interpretations, bone loss depends on several 
different mechanisms, and relatively conflicting information 
is available on these topics [Figure 3].

Mechanical Unloading
The size, mass, and biomechanical properties of human bones 
are affected by mechanical loading. Changes in mechanical 
loading cause localized bone remodeling by osteocytes 
through the sclerostin pathway.[45] In this regard, the results of a 
prospective study of 90 premenopausal women who underwent 
RYGB and SG showed a direct relationship between increased 
sclerostin levels and bone loss.[46] It has been seen in situations 
such as; spinal cord injuries, orthopedic surgeries, bed rest, 
and astronautics with a reduction in mechanical loading; a 

Table 1: The bariatric procedure is based on risks, limitations, and effectiveness

Procedure[34] Percentage TWL Effectiveness Risks and limitations
LAGB 20%-25% No anatomic alteration

Removable
Adjustable

High explant rate
Erosion
Slip/prolapse

S.G. 25%-30% Easy to perform
No anastomosis
Reproducible
Few long‑term complications
Metabolic effects
Versatile for challenging patient populations

Leaks challenging to manage
Little data beyond 5 years
20%-30% GERD

RYGB 30%-35% Strong metabolic effects
Standardized techniques<5% significant 
complication rate
Effective for GERD
Can be used as the second stage after S.G.

Few proven revisional options for weight regain
Marginal ulcers
Internal hernias possible
Long‑term micronutrient deficiencies

BPD/DS 35%-45% Powerful metabolic effects
Durable weight loss
Effective for patients with very high BMI
Can be used as the second stage after S.G.

Malabsorptive
3%-5% protein‑calorie malnutrition
GERD
Potential for internal hernias
Duodenal dissection
Technically challenging
Higher rate of micronutrient
deficiencies than RYGB

OAGB 35%-40% Simpler to perform than RYGB
More malabsorptive
Strong metabolic effects
No mesenteric defects

Potential for bile reflux
Malabsorptive (long BP limb)
Little experience in U.S.

S.G.: Sleeve gastrectomy, RYGB: Roux‑en‑Y gastric bypass, LAGB: Laparoscopic adjustable gastric band, BPD‑DS: Biliopancreatic diversion with a 
duodenal switch, OAGB: One anastomose gastric bypass, BMI: Body mass index, GERD: Gastroesophageal reflux disease, BP: Biliopancreatic, TWL: 
Total Weight Loss
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significant bone loss has occurred.[47‑49] Weight loss will be 
followed by a decrease in bone mechanical loading, which 
will intensify when not accompanied by physical activity 
and exercise.[42] Mechanical strain, induced by the weight to 
the skeletal system during activity and exercise, maintains 
BMD.[50] In this regard, most studies have reported a strong 
association between weight loss after BS and bone loss.[51‑54] 
A study of patients undergoing RYGB surgery found that; 
Weight loss is strongly associated with bone loss in total 
hip (TH): (r = 0.65, P = 0.02) and femoral neck (FN): (r = 0.90, 
P < 0.0001). Another study was performed 2 and 5 years after 
RYGB surgery; despite constant weight after the 1st year of 
surgery, a greater decrease in volumetric BMD was reported 
in the radius bone than in the tibia.[55] Accordingly, later 
declines may not be a direct result of unloading.[56] In another 
study using high‑resolution peripheral quantitative computed 
tomography (HR‑pQCT), significant changes were observed 
in the tibia bone, while these changes were not significant in 
the radius bone 1 year after surgery.[9] These different findings 
suggest that mechanical unloading affects bone more likely in 
the 1st year after surgery when maximum weight loss occurs. 
Long‑term changes may be due to an interaction between 
parathyroid hormone (PTH) and mechanical loading.[56]

Nutritional Deficiency
Studies have shown that obesity is closely linked to a low 
micro‑  and macro‑nutrient level. Deficiencies of calcium, 
protein, and Vitamin D have been observed in these 
individuals.[57] Despite the success of bariatric surgeries 
in weight loss, there are many complications in the 
postoperative period. Nutritional deficiencies are a common 
complication of BS that can last for months to years after 
surgery.[58] Deficiencies of vitamins and other nutrients such 
as protein, iron, Vitamin B12, folate, calcium, and fat‑soluble 
vitamins are common following RYGB, BPD, and BPD‑DS 
surgeries. However, these deficiencies appear to be more 

significant in malabsorptive methods such as BPD than 
restrictive procedures.[31] RYGB not only causes vitamin 
D malabsorption but also reduces calcium absorption by 
bypassing the duodenum and proximal jejunum, which are 
the predominant sites of calcium uptake (active, transcellular, 
1,25(OH) D‑mediated calcium uptake).[59] However, calcium 
absorption is not only limited to these parts, indeed calcium can 
be absorbed throughout the gut, and those undergoing RYGB 
may have adequate calcium uptake. Based on a study that 
examined the effects of RYGB on intestinal fractional calcium 
absorption (FCA), FCA decreases dramatically after RYGB 
even with calcium intake and 25(O. H.) D ≥30 ng/ml level. The 
authors advised the patients to increase their calcium intake for 
preventing calcium‑induced disorders and maintaining calcium 
homeostasis. In general, approaches to calcium supplements 
after BS needs further study.[59] In another study, researchers 
found that calcium absorption was significantly reduced after 
SG surgery as well.[60] SG surgery affects bone metabolism 
through several mechanisms; decreased mechanical unloading 
following weight loss, decreased ghrelin secretion, decreased 
calcium absorption due to decreased gastric acid secretion, 
and increased gastric emptying rate.[61]

Based on a study that assessed the level and absorption of 
Vitamin D after BS, the results showed that Vitamin D absorption 
is also reduced, and the mean serum 25(O. H.) D level remains 
less than 30 ng/ml despite the use of a Vitamin D‑containing diet. 
Vitamin D deficiency was compensated by increasing Vitamin 
D supplementation to 1500–9100 units/day.[62]

In general, the results of studies show that despite adequate 
levels of Vitamin D  (30 ng/ml) and recommended calcium 
intake (1200 mg/day) with the help of diets and calcium citrate 
supplements, calcium absorption in the intestine remains much 
lower than average in patients undergoing RYGB surgery 
6 months after surgery.[59]

To maintain calcium homeostasis in addition to PTH and 
1,25‑dihydroxy vitamin D, several endocrines, and paracrine 
factors such as prolactin, estrogen, and insulin‑like growth 
factor directly stimulate intestinal calcium absorption. This 
cycle is controlled by negative self‑regulation. Accordingly, 
any error in the mentioned processes will alter the serum 
calcium concentration. A  significant point is a decrease in 
calcium absorption by intestinal epithelial cells at high calcium 
concentrations in the gastrointestinal tract.[63] This explanation 
may justify the ineffectiveness of taking oral calcium 
supplementation in patients that require calcium injections.

Hormonal Changes
Gut hormones
BS dramatically increases bone turnover, decreases BMD, and 
increases the prevalence of fractures in these patients.[10,37,64,65] 
The role of gut hormones in altering bone metabolism should 
never be overlooked.[66,67] Gut hormones play a significant role 
in patients benefiting from BS, especially RYGB, and studies 

Hormone ↓:
Leptin ↓
Ghrelin ↓

Estrogen ↓
Testestrone↓

Insulin resistance↓

Malabsorption and changes in
calciotropic hormones (↓):
Ca, Vit D, Protein intake ↓

PTH ↑

↑ Bone loss

Physical activity↓ Mechanical
loading ↓

Hormone (↑):
PYY ↑

GLP-1 ↑
Adiponectin ↑

Figure 3: Numerous internal and external factors, including; diet, 
mechanical loading, hormones, and genetics, play a role in bone health 
sustainability[149]
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in this field support the “gut‑bone” theory.[68,69] Among the Gut 
hormones, peptide YY (PYY) and ghrelin may be involved in 
changes in the body’s skeletal system after BS.[70]

Peptide YY
PYY is a peptide with 36 amino acids that is secreted by 
intestinal L‑cells in the terminal ileum and colon. The most 
crucial factor for this peptide secretion is the stimulation of 
these cells by food. This hormone induces satiety and is very 
important in regulating energy homeostasis.[71] This hormone 
secretion is reduced in obese people.[72] According to animal 
studies, an inverse relationship was found between PYY 
overproduction and bone mass formation. Deficiency of this 
hormone was associated with the expansion and strengthening 
of bone mass in mice.[73] PYY affects the Y1 receptors of 
osteoblasts, and it has been shown that deletion of this receptor 
increases bone mass.[74]

In a study that examined changes in fasting serum PYY with 
bone turnover marker levels (Tartrate‑resistant acid phosphatase, 
C‑terminal telopeptide of type 1 collagen (CTx), and N‑terminal 
telopeptide of type I collagen) and BMD loss after RYGB, the 
6‑month changes of these markers and BMD (using DXA and 
QCT) were analyzed. The results of this study showed that the 
increase in PYY after surgery was associated with a weak rise in 
procollagen 1 N‑terminal propeptide (a marker of bone formation) 
and a further decline in spinal BMD (measured by QCT). These 
results clearly show the role of PYY in bone loss after RYGB and 
the relationship between intestinal and skeletal metabolism.[70]

Ghrelin
Ghrelin is a peptide with 28 amino acids.[75] Despite the 
adverse effects of PYY on bone mass, ghrelin may stimulate 
bone formation. Ghrelin is secreted by X‑A cells of the 
oxyntic glands in the gastric fundus. The secretion of this 
hormone increases with prolonged fasting and strengthens 
hunger. Therefore, this hormone also plays an essential role 
in regulating energy homeostasis.[75,76]

Ghrelin can bind to the growth hormone secretagogue receptor 
1a,[77] so it may cause the bone formation and increase bone 
mass by affecting growth hormone and the insulin‑like 
growth factor‑1  (IGF‑1) secretion.[78] Ghrelin also directly 
stimulates osteoblast proliferation and differentiation in vitro. 
Intraperitoneal injection of this hormone increased BMD in 
rats.[79] However, human studies have not yet found a clear 
association between serum ghrelin levels and BMD.[80] Based 
on current studies, plasma levels of ghrelin are reduced in most 
cases after BS, especially RYGB, but surprisingly, there is no 
correlation between Ghrelin levels and bone parameters.[70,81,82]

Others Gut Hormone
Levels of some other gut Hormones, such as glucagon‑like 
peptide‑1 (GLP‑1), show extensive changes after RYGB, SG, 
and BPD‑DS surgeries. Although these hormonal changes have 
many metabolic benefits, bone mass loss is also reported.[83‑85] 
Furthermore, glucose‑dependent insulin tropic polypeptide is a 
peptide with 42 amino acids secreted by K‑cells in the proximal 

small intestine. According to laboratory results, this peptide can 
inhibit osteoblast apoptosis.[86] Limited studies have shown a 
decrease in the synthesis of this peptide after RYGB surgery.[87]

Endocrine Factor
Estrogen
Estrogen is one of the sex hormones responsible for creating 
the female reproductive system and secondary sexual 
characteristics.[88] Estrogens play an essential role in growth 
spurts during puberty, accelerating linear growth and closing 
the epiphysis. Therefore, these hormones have stimulating 
effects on the skeletal system of the body. Published 
studies confirm the protective effects of these hormones on 
the maintenance of bone mass. They are one of the most 
important reasons for maintaining BMD throughout life, 
and hypoestrogenism is one reason for the increased risk of 
osteoporosis during menopause.[89‑91] A study evaluated the 
effects of BS (VBG) and estradiol levels on bone metabolism 
simultaneously. The results showed that the estradiol level in 
patients who underwent BS showed decreased estradiol (sex 
steroids) compared to patients who underwent medical 
treatment. According to studies, adipose tissue converts 
testosterone to estradiol by the aromatase enzyme.[92] However, 
the estrogen therapy study results in postmenopausal women 
did not show beneficial effects on callus BMD (evaluated by 
QCT). Extensive studies are needed in this field.[93]

Testosterone
Testosterone is an essential steroid hormone in humans 
with wide androgenic  (gender) and anabolic  (constructive, 
growth) effects. Age‑related testosterone deficiency is one 
of the most important causes of bone loss in older men.[94] 
According to published studies, treatments using testosterone 
reduce fat mass (abdominal adipose tissue) and increase hip 
BMD.[95] Androgens can be converted to estrogen by binding 
directly to androgen receptors or estrogen receptors (through 
aromatization) and affect bone health. Cellular studies show 
that androgen causes the proliferation of preosteoblasts and 
the differentiation of osteoblasts.

On the other hand, by converting to estrogen in adipose tissue 
or at the surface of receptors, it suppresses osteoclast formation 
and absorption activity. Thus, estrogen is needed to inhibit bone 
resorption, but androgen and estrogen are essential for both to 
build bone mass.[96] Other activities of androgens in regulating 
bone metabolism include their effects on cytokines, such as the 
regulation of growth factor‑beta, IGF‑1, and interleukin‑6.[97] 
These cytokines, which stimulate osteoclast activation, have 
higher levels in obese individuals than normal BMIs.[98]

According to studies, male hypogonadism is associated with 
obesity. For example, a study looked at testosterone levels in 
patients with severe obesity who underwent BS. The results 
showed an increase in blood testosterone levels after BS.[99] 
In another study, testosterone levels returned to normal after 
RYGB surgery.[100]
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Insulin
A peptide hormone produced by the pancreatic islet beta cells 
is the primary anabolic hormone in the body. According to 
studies, BMD is higher in menopausal women and men who 
have been resistant to insulin than others. Furthermore, these 
studies did not report evidence in favor of the association 
between insulin resistance and increased fracture risk after 
BMI and BMD adjustment.[101‑103] Another study was conducted 
to investigate the relationship between BMD and insulin 
resistance in women with polycystic ovary syndrome. Insulin 
resistance was introduced as a protective factor against bone 
mineral loss in these women.[104] With all these interpretations, 
the link between BMD and obesity and insulin is still unclear.

In one study, lowering blood insulin levels and improving 
insulin sensitivity after RYGB surgery were identified as 
detrimental factors for bone tissue.[105] Other studies have 
shown an improvement in insulin sensitivity from a few days 
to several months after RYGB, SG, and BPD‑DS surgeries with 
increased 5’ AMP‑activated protein kinase activity. BPD cures 
insulin resistance faster than other surgeries.[106] According to 
studies, bariatric surgeries can have adverse effects on bone 
mass by improving and treating insulin resistance. However, 
to achieve this certainty, more extensive studies are needed.

Adipokines
Adipokines, or adipocytokines, are secreted from adipose 
tissue and first discovered in 1994.[107] So far, over  100 
Adipokines have been found. Essential adipokines are leptin, 
adiponectin, IL‑6, TNF‑α, visfatin, and vaspin.[108,109] On 
the other hand, bone cells secrete various proteins called 
osteokines to maintain bone homeostasis, energy, and glucose. 
Thus, the body’s relation between adipose and bone tissue 
forms a hemostatic feedback system associated with each 
other by adipokines and osteokine.[11] According to studies, 
adipokines, especially leptin and adiponectin secreted by 
adipose tissue, substantially affect bone mass.[110]

Leptin
Leptin is a cytokine‑like hormone secreted by fat cells.[111] 
For this reason, the more adipose tissue a person has, the 
more leptin he will release.[112] Leptin plays a vital role in 
feeling full and hungry, so this hormone is also essential 
in energy consumption and energy balance.[113] In addition 
to establishing energy homeostasis, this hormone plays a 
critical role in regulating nerves, endocrine glands, and bone 
metabolism.[114] Various studies have reported different effects 
of this hormone on BMD and bone metabolism.[115] According 
to studies, leptin regulates bone mass by directly affecting bone 
cells and indirectly affecting the hypothalamus.[116] Studies 
to investigate the direct effects of leptin on bone tissue in 
mice showed that leptin increases bone mass by inhibiting 
osteoclast differentiation and not stimulating osteoblast 
differentiation.[103,117,118] However, in another study, leptin was 
introduced as an anti‑osteogenic substance that only affects 
trabecular bone mass.[119] In some other independent studies, 
leptin deficiency was associated with a decrease in BMD.[120‑122] 

The results of a recent meta‑analysis of studies by Liu et al. 
leptin intake in postmenopausal women is positively associated 
with increased BMD and bone mineral content (BMC).[123]

Changes in this hormone are pretty evident after RYGB 
surgery. The results of studies show that leptin decreases 
rapidly after BS. Assuming that leptin levels decrease after 
BS, the direct stimulatory effects of this hormone on bone 
cells will be reduced, followed by a decrease in bone mass in 
BMD and BMC.[124]

Adiponectin
Adiponectin is a peptide with 244 amino acids produced and 
secreted by fat cells.[125] The secretion of this hormone is 
inversely related to obesity and central fat.[126,127] In addition 
to increasing insulin sensitivity and reducing the incidence 
of diabetes, this hormone‑like also has anti‑inflammatory 
and cardioprotective effects.[11,128] This hormone stimulates 
osteoblastogenesis and inhibits osteoclastogenesis in  vitro, 
but its impact on the body appears different. In most studies, 
an inverse relationship between adiponectin levels and BMD, 
independent of BMI, has been reported.[129]

Studies have examined adiponectin levels after BS, such as 
RYGB, confirm an increase in postoperative hormone levels[105] 
and present this hormone as an independent factor in reducing 
BMD[130] However, in another study, researchers did not find 
a link between adiponectin levels and bone turnover marker 
after RYGB surgery.[131] Based on the discrepancies in the study 
results, it seems that this issue still needs more comprehensive 
investigation.

Others adipokine
Inflammatory cytokines such as TNFα and IL‑6 are among the 
most well‑known activators of osteoclasts and BMD degraders, 
with higher levels in obese individuals.[132,133] Studies have 
shown that these inflammatory cytokines decrease after BS, 
especially SG and RYGB, and may positively affect BMD.[134]

Cysteine‑rich Visfatin and Resistin, like other adipokines, affect 
the skeletal system. In one study, Visfatin was introduced as 
an independent predictor of BMD.[135] Another study between 
Visfatin and BMD found an inverse relationship between 
Visfatin and BMD.[136] Overall, reports of adipokines such as 
Visfatin and Resistin indicate different effects on BMD and are 
generally expected to inhibit bone mass.[11] Furthermore, in the 
study that examined the level of Resistin before and after GB 
surgery, no significant changes were observed.[137]

Exercise and Bone Health
Various treatments, including nutritional, pharmacological, 
psychological therapies, supplements, and surgery, are 
performed to combat obesity. [138‑140] No nonsurgical 
intervention is as effective as BS. [15,140,141] However, 
surgery never eliminates unhealthy habits.[142] Therefore, 
changing lifestyle and having a healthy eating pattern and 
good physical activity will undoubtedly improve surgeries 
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outcome.[143]

Physical activity after BS plays a vital role in eliminating lean 
body mass.[141] Exercise in patients undergoing BS can cause 
weight loss of more than 4% of BMI.[144] According to studies, 
exercise and physical activity are associated with higher 
BMD, and the least practical effect on BMD was reported 
4 h/week.[145] Studies suggest exercise as a treatment for bone 
loss due to BS.[146]

Physical activity includes endurance and stretching‑resistance 
exercises. Many studies have shown the positive effects of 
endurance  (aerobic) exercise after BS limited information 
is available on stretching‑resistance exercises. Gozde et al. 
studied aerobic exercise  (AE group) with aerobic plus 
progressive‑resistance exercise (AEPR group) in a 12‑week 
program after BS Weight loss, muscle mass, function capacity, 
and upper‑body strength were significantly increased at the 
end of the 12th week in the AEPR group compared to the AE 
group.[147]

A clinical trial also showed that appropriate physical activity 
could be considered an effective strategy to improve bone 
health in patients undergoing BS.[146] Therefore, researchers 
suggest that physical activity be added to the treatment process 
after BS, as these activities improve body composition, BMD, 
increased muscle strength, and physical fitness.[148] Researchers 
state that exercise should focus on fat mass, muscle mass, and 
endurance exercise capacity.[144]

In general, in patients undergoing BS, exercise interventions 
under the supervision of a physician have many benefits. Some 
benefits include a sense of self‑efficacy, motivation, increased 
functional muscle strength and walking capacity, insulin 
sensitivity, and most importantly, maintaining BMD.[141,146,148] 
Table 2 lists the endurance and resistance exercises before and 
after surgery in detail.

Diagnostic Methods
The risk of fracture in people who have undergone various 
BS procedures is 2.3  times higher than normal population. 

Therefore, accurate measurement of bone mass and BMD is 
significant to assess and manage bone health accurately.[150]

The available information and guidelines emphasize the 
periodic evaluation of BMD using DXA in patients undergoing 
BS.[151,152] Any imaging technique has its limitation and 
benefits.[10] Most clinical studies have used the DXA to assess 
BMD, although this method may not report BMD correctly 
due to changes in the soft tissue around the bone.[153,154]

DXA is used to determine BMD for the diagnosis of osteopenia 
and osteoporosis.[155] BMD is compared with two norms‑healthy 
young adults  (T‑score) and age‑matched adults  (Z‑score). 
A T‑score of 1–2.5 standard deviation (SD) below the young 
adult mean (−1 to −2.5 SD) indicates osteopenia.[156] Whereas, 
A T‑score of 2.5 SD or more below the young adult mean (more 
than‑2.5 SD) indicates the presence of osteoporosis.[157]

Studies using DXA have shown BMD reduction after BS Studies 
have discussed densitometry changes based on site (spine vs. 
hip), type of surgery (RYGB, SG, and OAGB), follow‑up 
duration (short term vs. long term), and age of patients.

Different BMD changes have been reported after various types 
of BS. According to the results, the rate of BMD reduction 
after RYGB is also different in multiple sites. For example, 
a decrease in BMD in the 1st year after surgery in the lumbar 
spine (LS) has been reported to be 3%‑7% and 8%‑11% in 
hips. Areal BMD  (aBMD) changes in LS are less affected 
by RYGB than in TH. In a meta‑analysis, V Jaruvongvanich 
et al. discussed BMD changes after LSG surgery. Significant 
reductions were observed in aBMD at FN and TH, while no 
difference in LS was observed [Table 3].[164]

We will discuss studies that compared the effect of RYGB 
and SG on aBMD. Carrasco et al. concluded that aBMD at 
FN decreased more after RYGB in 2 years follow up.[60] Kelly 
Ieong et al. reported no significant changes in FN, TH, and 
LS aBMD 2 years after RYGB versus LSG, and surgery type 
was not a significant risk factor in bone loss.[161] Studies in 
36 and 48‑month follow‑up have shown that RYGB causes 
a more significant aBMD reduction in TH than LSG surgery. 
The results of LS aBMD reduction were different. The 
inconformity of this result might be due to the other follow‑up 
times. The changes in aBMD after LSG and RYGB have 
been investigated through a meta‑analysis by Tian et al. they 
concluded that BMI and BMD changes were comparable in 
each group. Furthermore, RYGB and SG had similar effects 
on postoperative BMD.[165]

A meta‑analysis performed by Byung‑Joon et al. compared 
aBMD changes between the surgical and non‑surgical control 
groups. They concluded that regardless of the type of surgery, 
FN aBMD was lower in the surgical, but between the two 
groups, at LS aBMD no difference was found. In cases where 
the BMI of the surgical group was higher than or equal to the 
control group, LS and FN aBMD in the surgical group did 
not differ from the nonsurgical group regardless of the type 
of surgery. Whereas in studies where the BMI of the surgical 

Table 2: Exercise before and after bariatric surgery

Endurance exercise Resistance exercise
Before BS
20%-45% min/session
45%-54% peak HR
2%-3% days/week

<60% of 1‑repetetion maximum (1 RM)
12-15 repetitions ≥6 muscle group
3 series/large muscle 2-3 days/week

After BS
Weekly exercise volume up 
to 250-400 min
Moderate effort (50%-70% 
peak HR)
Involving large 
muscle (walking, rowing, .)
3 up to 5 days/week

Moderate to high‑intense resistance 
exercise (≥70% of 1 RM)
12-15 repetitions for 3 series/session

Targeting large muscle groups (femoris, 
hamstring, calfs, abdominal and back 
muscle, …)

BS: Bariatric surgery, 1 RM: Repetitions maximum, HR: Heart rate
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group was lower than the control group at the time of the BMD, 
only the FNA aBMD was lower in the surgical group, both 
for all types of surgery and RYGB.[166] Therefore, weight loss 
due to BS mainly affects aBMD in FN rather than the spine. It 
should be noted that the wide range of follow‑up in the studies 
of this meta‑analysis is one of the limitations of this study.

QCT is a convenient method for measuring volumetric BMD 
in the axial and appendicular regions. HR‑pQCT is sometimes 
used, which has a high ability to defined cortical and trabecular 
bone microarchitecture and measures strength.[167] The results 
of the present studies in the evaluation of BMD using QCT 
and DXA after BS are contradictory.[168] For example, in a 
survey that measured aBMD and vBMD (TH and FN) by DXA 
and QCT in a group of patients 1 year after SG or RYGB, 
incompatible QCT and DXA results were reported.[169] In one 
study, Yu and Elaine W examined the LS and proximal femur 
density using DXA and QCT 1  year after RYGB surgery 
versus the non‑surgical control group, and inconsistent and 
contradictory results were reported between the two methods. 
LS BMD was significantly decreased in DXA and QCT 
assessments. However, despite the decrease in FN and TH 
densitometry measured by DXA, QCT did not change.[168]

In a 2017 study, Bredella et al. measured BMD using QCT and 
DXA methods 1 year after SG and RYGB. DXA results in TH 
and FN in RYGB decreased more than the SG group, while 
QCT results in FN vBMD did not show significant changes.[83]

Another study examined aBMD and vBMD using central DXA 
and QCT 12 months after SG The results of this study indicated 
the incompatibility of BMD measurement between QCT and 
DXA methods. They showed that technical or physiological 
factors might play a role in the difference between QCT and 
DXA results during short‑term follow‑up.[169]

Overall, the measured BMD by DXA depends on excess fat 
and tissue changes seen during rapid weight loss. Most studies 

have been performed using DXA, except for a few limited 
studies, while the results indicate a more detailed survey 
of trabecular and cortical bone changes using QCT.[170‑172] 
According to published studies, HR‑QCT is more accurate 
than DXA in measurement and diagnosing microarchitectural 
changes. Also, this method is less prone to magnification 
errors and extraosseous tissue changes.[10,168] The most 
important limitations of QCT against DXA are high radiation 
exposure and high cost.[173] Obesity and weight loss may 
affect QCT assessment, but this method avoids DXA bias due 
to 2‑dimensional, single‑projection data acquisition.[174] As 
mentioned, studies have shown inconsistencies and differences 
in the measurement of BMD by QCT and DXA methods. Most 
studies have shown a reduction in BMD at various sites, either 
by DXA or QCT. However, limited studies have also denied 
these changes. All studies indicate a more detailed study of 
microarchitecture and cortical and trabecular bone mass with 
the QCT. In general, the most appropriate imaging method 
for measuring BMD is still unclear, and meta‑analysis studies 
seem very helpful for surgeons and physicians.

Fracture Risk after Bariatric Surgery
BS is associated with reduced bone density. Although the bone 
resorption process begins 10 days after surgery and continues 
for years after surgery, it is not clear that a decrease in bone 
density is associated with an increased risk of fracture. Studies 
in this field show different and even contradictory results. 
According to studies, reducing BMD of the skeletal system 
can increase the risk of fracture.[175] This section will review 
the studies conducted in this field and compare their results 
with each other.

In a Swedish obesity surgery study, 2007 patients underwent 
BS (13.3% RYGB, 18.7% AGB, 68% VGB) with 2040 obese 
patients in the control group over 15.1–17.9 years (depending 
on the type of surgery) were followed. This study showed 

Table 3: Studies were evaluating bone mineral density after bariatric surgery

Time of 
Study

Author Year Surgery Follow 
up (months)

BMD loss (%)

F.N. T.H. L.S.
Short term 
follow up

Chen et al.[158] 2020 LSG 12 6* 10.5 0.9
Gerber P et al.[159] 2021 LSG/RYGB 12 LSG <RYGB ‑ LSG <RYGB
Luger et al.[160] 2018 OAGB 12 ‑ 13 7
Ieong et al.[161] 2021 RYGB 24 9 8 3

LSG 7 10 1
LSG/RYGB NS NS NS

Long term 
follow up

Brzozowska et al.[162] 2021 LSG 36 ‑ 9 0.1
RYGB ‑ 14 7.2
LSG/RYGB ‑ LSG <RYGB LSG <RYGB

Cadart et al.[32] 2020 LSG 48 8.1±5.5 7.4±6.4 2.0±7.2
RYGB 8.6±5 10.9±6.3 2.8±5.8
LSG/RYGB NS LSG <RYGB NS

Lindeman et al.[163] 2020 RYGB 60 14.1±8.0 15.3±6.3 7.8±7.6
*Highlight; significant. NS: Nonsignificant, BMD: Bone mineral density, F.N.: Femoral neck, T.H.: Total hip, L.S.: Lumbar spine, RYGB: Roux‑en‑Y 
gastric bypass, LAGB: Laparoscopic adjustable gastric band, LSG: Laparoscopic sleeve gastrectomy
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that fracture risk was higher in the RYGB group than in the 
nonsurgical control group and the group undergoing AGB 
and VGB.[176] A noteworthy point in this study is that SG was 
not enrolled.

Another case study in Canada was conducted by the Québec 
Integrated Chronic Disease Surveillance System. In this 
study, 12676  patients who underwent BS were compared 
with 38028 obese patients and 12676 nonobese patients 
who did not undergo surgery in the control group during a 
follow‑up of 4.4 years. In this study, the prevalence and site 
of fractures between groups were investigated. Fracture risk 
before and after surgery was also studied based on the type 
of surgery. During follow‑up, the rate of fractures in the 
operated group (514: 4.1%) was higher than the obese control 
group (1013: 2.7%) and nonobese (3008: 2.4%). The risk of 
fracture was higher in the BS group than in the obese (r: 1.38, 
95% confidence interval  [CI]; 1.23–1.55) and non‑obese 
(r: 1.44, 95% CI; 1.29–1.59) control group. In the study of the 
fracture site, before surgery, the risk of fracture in the distal 
lower extremities was higher and in the upper extremities was 
lower. However, after surgery, the risk of distal fractures of 
the lower extremities decreased (0.66, 95% CI; 0.56–0.78) and 
increased (1.64, 95% CI; 1.40–1.93) in the upper extremities. 
The risk of clinical fractures in the spine, pelvis, hip, and 
femur was also increased (Shift fracture pattern to osteoporotic 
pattern). The results on fracture risk after RYGB and SG were 
inconclusive, but fracture risk after BPD increased.[65]

Zhang et al., in a meta‑analysis, showed that obesity surgeries 
increase the risk of complete fractures, especially in the upper 
extremities. This article showed that the risk of any fracture was 
higher in the operated group than in the nonsurgical group. In 
this study, the risk of postoperative fractures in the nonvertebral 
site, especially in the upper limb, was significantly increased. 
Therefore, surgeons and physicians should consider bone 
health and the risk of postoperative fractures.[175] Another study 
found that the risk of fractures after BS increased 2.3 times 
over the next 7.7 years.[150,177]

Many factors such as age, fat distribution, fracture site 
characteristics, and most importantly, comorbidity seem to 
affect the relationship between obesity and fracture risk.[178] 
The risk of fracture in patients who underwent RYGB surgery 
was not significantly different from patients who did not 
undergo surgery  (with the same condition). Several other 
studies showed no significant association between BS and 
fracture risk.[179‑181]

Another study using the U. K. general practice research 
database was performed on 2079 patients who underwent BS 
Patients were matched with a control group (10442 patients) 
without a history of BS The average follow‑up was 2.2 years. 
In this study, the risk of fracture did not increase significantly 
in patients who underwent surgery. Although it showed that 
an increase in fracture risk was observed within three to 
5  years after surgery, it was not significant. In this study, 
60% of patients underwent AGB, and 11% underwent other 

surgeries (SG and BPD).[180] Short follow‑up time (2.2 years) 
and a significant percentage of AGB patients (60%) are the 
reasons for the different results of this study from others.

A recent retrospective cohort study showed a reduction 
in the risk of nontraffic accidents related to obese patients 
undergoing BS. Obese patients were divided into two groups: 
surgical (1322) and nonsurgical (1322). The third group was 
the general population. The risk of overall fracture in the 
operated group was similar to that in the nonoperated group 
but was higher than in the general population. The risk of 
nontraffic accident‑related fracture was lower in the surgical 
group than in the nonsurgical group and higher than in the 
general population.[182]

Each type of BS may have a specific level of risk. In one study, 
AGB (a completely restrictive method) was introduced as a 
method without increasing the risk of fracture.[179] In another 
study, the association of AGB  (excess weight loss  [EWL] 
percentage: low) with malabsorption of nutrients affecting bone 
metabolism was utterly ruled out.[180] In contrast, SG, RYGB, 
and BPD‑DS methods, which cause weight loss through 
food absorption (EWL percentage: high), increase the risk of 
fractures.[150,183,184]

In one study, BS patients, aged 40–65  years, with BMI 
≥40  kg/m2, were matched to one control  (1:1) by age, 
sex, comorbidity index, and obesity class  (≤50  kg/m2  vs. 
≥50 kg/m2) in which 46% of participants underwent SG, and 
35% experienced RYGB. The results showed that patients 
undergoing RYGB had a 70% increased risk of major 
osteoporotic fractures  (hip, proximal humorous, wrist, and 
distal forearm, and clinical spine) than controls (r: 1.70, 95% 
CI 1.46–1.98). In contrast, the risk of fracture in patients who 
underwent SG  (r: 0.95, 95% CI 0.79–1.14) and AGB  (HR 
0.95, 95% CI 0.72–1.25) was not significantly different from 
the control group.[184]

The study by Syed et al. tried to evaluate the risk of fracture 
in those who do not undergo BS and those who undergo 
RYGB or SG. In this study, patients were divided into three 
groups ‑ (1) patients are eligible for BS who did not undergo 
surgery  (16371  patients),  (2) Patients who underwent 
RYGB  (16371  patients),  (3) Patients who underwent 
SG (16371 patients). After 3 years of patient follow‑up, the risk 
of overall fracture and even fracture site was similar between 
the RYGB and patients who did not have surgery. Still, in 
patients who underwent SG, fracture risk was lower than in 
the nonsurgical group. Compared between the RYGB and 
SG groups, the risk of overall fracture and humerus fracture 
was significantly higher in the RYGB group. There was no 
difference in fracture risk in ulnar, radius, pelvis, hip, and 
spine.[178] Studies to evaluate the increased risk of fracture after 
BPD‑DS is limited, but available results indicate an increased 
risk of fracture after this surgery.[65]

We should note that BMI may be a confounding factor in 
the studies mentioned above. For example, in one study, the 
association between BS and the risk of subsequent fractures 
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while controlling BMI was ruled out.[180] However, another 
study maintaining BMI showed a 22% increase in major 
osteoporotic fracture after BS.[21] Random clinical trial (RCT) 
can also help clarify this issue.

Prevention and Treatment
Obesity surgeries, in varying degrees, will affect the nutrition 
of these patients and potentially cause significant micronutrient 
deficiencies.[152] In patients with severe obesity, micronutrient 
deficiencies such as iron, ferritin, folate, calcium, Vitamin D, 
Fat‑soluble vitamins deficiencies are common, and obesity 
surgeries exacerbate this problem.[42,185‑188]

A combination of rapid weight loss, reduced food intake, and 
decreased nutrient uptake put BS patients at relatively high 
risk of long‑term bone loss through various mechanisms.[9] 
According to published studies, obesity surgeries that affect 
food absorption  (such as RYGB and BPD) put patients at 
greater risk of bone health deterioration than restrictive 
surgeries (such as AGB and SG). Studies show that exercise 
and dietary interventions with calcium, vitamin D, and protein 
consumption, are the most critical strategies for managing this 
complication. Also, examining some of the factors that we 
will discuss below will help physicians and patients before 
and after surgery, and in case of a deficiency of vitamins and 
micronutrients, they could take the necessary precautions.

According to the latest published guidelines, all candidates for 
BS should have a comprehensive nutritional assessment before 
surgery, and a nutritionist should make an accurate assessment of 

the patient’s diet.[189,190] As mentioned before, vitamin D deficiency 
is common in people with severe and complex obesity.[191] Table 4 
summarizes the pre‑ and post‑operative measures which will help 
preventing BMD reduction after surgery.

Bone loss markers are monitored by urinary or serum CTx. 
CTx is recommended in people with significant risk factors 
for osteoporosis and pre‑ and post‑menopausal women with 
low estrogen levels.[33]

After surgery, the need for Vitamin D3 supplementation is to 
maintain optimal 25(O. H.) D serum levels at >75 nmol/L.[192] 
Therefore, it is recommended to start 2000–4000 international 
Vitamin D3 per day to keep the serum 25(O. H.) D level in 
normal limits. The dose adjustment depends on laboratory 
results.[193]

Several guidelines also recommend taking calcium supplements 
after BS.[194] However, the optimal intake of calcium is 
not precise. Parrott et  al. recommend a daily intake of 
1,200–1,500 mg of calcium in AGB, SG, and RYGB surgeries 
and 1,800–2,400 mg/day following BPD‑DS surgery.[190] In 
regards to preventing bone loss after BS, few trials are assessing 
the effect of bisphosphonates on bone health following different 
types of BS.[195,196]

According to studies, strength training can minimize the 
adverse effects on bone.[157] The type of physical activity may 
be an essential factor in maintaining bone mass.[197] However, 
the impact of AE has been proven in some studies.[198] Clinical 
evaluation and preventive measures for bone health before and 
after obesity surgery are given in Table 4.[33,189]

Table 4: Clinical evaluation and preventive strategies for bone health in bariatric surgery

Before surgery Prevention Follow up
Calcium

Serum PTH
Serum calcium
Serum 25(OH) D
DXA at spine and hip (RYGB, BPD, 
BPD‑DS; in higher‑risk patients)*

1200-1500 mg/day (after AGB, RYGB, and S.G.) 
1800-2400 mg/day (after BPD/BPD‑DS) (food and 
supplements)**

Every 6-12 month (S.G., RYGB, BPD/BPD‑DS)
Every 12 month (AGB)
then annually
DXA at spine and hip 2 years 
postoperatively (all patients)

Vitamin D
Serum 25(OH) D
Serum PTH

3000 IU D3/day (normal range 25(OH) D>30 ng/
mL)***

Every 6-12 month (S.G., RYGB, BPD/BPD‑DS)
Every 12 month (AGB)

Protein
Serum albumin 46 g/day - women

56 g/day - men
Protein needs

Should constitute:
10%-35% of daily caloric intake

Weight maintenance: 0.8-1.2 g/kg body weight/day
Active weight loss: 1.2 g/kg body weight (BPD/DS 
may require 1.5-2.0 g/kg body weight/day)

6-12 month
Serum albumin (S.G., RYGB, BPD/BPD‑DS)
12 month (AGB), then annually for all patients

*Women aged ≥65 years, men aged ≥70 years, men above age 50-69; based on the risk factor profile, and men aged 50 and older who have had an adult 
age fracture. **Calcium citrate is preferable over calcium carbonate because it is independent of stomach acidity absorption. Calcium should be given in 
divided doses (single doses should not exceed 600 mg), separated by ≥2‑h intervals from iron‑containing supplements. Calcium carbonate should be taken 
with meals, whereas calcium citrate can be taken with or without meals. ***D3 is recommended as more potent than D2, but both forms can be effective 
and dose‑dependent. It is recommended that both D2 and D3 be taken with a meal containing fat to ensure maximum absorption. PTH: Parathyroid 
hormone, 25(OH) D: 25‑hydroxyvitamin D, RYGB: Roux‑en‑Y gastric bypass, LAGB: Laparoscopic adjustable gastric band, BPD‑DS: Biliopancreatic 
diversion with a duodenal switch, AGB: Adjustable gastric banding, DXA: Dual‑energy X‑ray absorptiometry, S.G.: Sleeve gastrectomy
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Conclusion
Studies show that BMD decreases significantly in the early 
years after BS. The rate of bone loss during the 1st year is higher 
than in subsequent years. Mechanical unloading, Gut‑hormone 
alternations (decreased Leptin and Ghrelin, increased PYY and 
GLP‑1), and reduced insulin levels due to improved insulin 
resistance all play a significant role in affecting bone changes 
after BS.

The available information and guidelines emphasize the 
periodic evaluation of BMD in patients undergoing BS.[151,152] 
Most clinical studies have used the DXA to assess BMD. 
Studies assessing bone loss with DXA method show that 
BS affects TH site more than LS at both short and long‑term 
follow‑ups regardless of surgery type (RYGB or SG). In the 
comparison between RYGB and SG, BMD reduction in the LS 
showed discordant results at long‑term follow‑up. However, 
RYGB had more destructive effects than SG in TH density. 
The results were conflicted in the short‑term follow‑up. The 
meta‑analysis performed by Tian et  al. yielded unreliable 
results due to the many limitations (Few RCT studies, small 
sample size, incomplete data) mentioned by the authors. 
Therefore, it is recommended to carry out a meta‑analysis with 
appropriate follow‑up with sufficient studies.

Although DXA is a more common method of measuring 
aBMD, it is possible to measure vBMD using QCT, which is a 
three‑dimensional indicator of bone density. Therefore, in the 
studies, we reviewed the densitometry results differed between 
the QCT and DXA methods. All studies indicate a more detailed 
survey of microarchitecture and cortical and trabecular bone mass 
with the help of QCT. In general, the most appropriate imaging 
method for measuring BMD is still unclear, and meta‑analysis 
studies seem very helpful for surgeons and physicians.

Studies have compared the fracture risk after BS in a different 
type of surgery and also with the normal population. Based 
on our assessment, compared with obese and non‑obese 
people, fracture risk increases after BS Fracture risk after 
malabsorptive surgery  (RYGB and BPD‑DS) was higher 
than restrictive operation (SG). A meta‑analysis carried out 
in 2018 shows that obesity surgeries increase fracture risk, 
especially in the upper extremities. The pattern of fracture 
also shifts from lower limbs (obesity fracture type) to upper 
extremities (osteoporotic fracture type).

Numerous strategies have been proposed to prevent 
bone destruction after obesity surgery. In this regard, 
preoperative laboratory assessments are of great importance. 
The evaluation of Vitamin D, calcium, and PTH levels 
is necessary to diagnose secondary hyperparathyroidism 
due to vitamin D deficiency. Preventive measures after 
surgery include medication intervention and exercise. The 
recommended prophylactic dose of calcium and Vitamin D 
to overcome adverse bone effects of BS is 1200–1500 mg/
day and 3000  IU/day, respectively. The suggested dose 
prevents bone loss‑induced hyperparathyroidism. Exercise 

after B. S mitigates the adverse effects of BS on bone. It 
improves body composition, maintains BMD, increases 
muscle strength, helps physical fitness and improves insulin 
sensitivity. Therefore, it is recommended in the recently 
updated guidelines for the prevention of BMD loss. For 
all patients, a target of moderate aerobic physical activity 
that includes a minimum of 150 min/week and a goal of 
300 min/week, including strength training 2–3 times/week, 
is recommended.
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