STATEMENT OF FUNDS
There are no pending external funds for this project. Needed funding in excess of the $30,000
we are applying for in this grant will be from internal Department of Surgery funds.

SUMMARY
There is accelerated bone loss after bariatric surgery. The larger the malabsorptive
component of the operation the more bone mineral density that is lost [1]. Historically
operations like the jejunoileal bypass have resulted in significant osteoporosis and pathological
fractures [2]. The most popular bariatric procedure in the United States today, Roux-en-Y
gastric bypass, has been shown to decrease bone mineral density in the hip and femoral neck as
early as one year after operation despite high dose vitamin D and calcium supplementation [3].
Yet, studies looking at purely restrictive bariatric procedures like the adjustable gastric band
have shown little or no effect on bone mineral density [4, 5]. This may be explained by the
reduced weight loss seen in adjustable gastric banding as compared to Roux-en-Y gastric bypass.
Alternatively this may be due to the different changes in hormonal regulation of bone
metabolism after bariatric procedure. There is increasing evidence that hormonal regulation of
bone is significantly altered after bariatric surgery [6].
The number of sleeve gastrectomies being performed in the United States is increasing
exponentially. While the weight loss achieved by sleeve gastrectomy is more similar to Rouxen-Y gastric bypass than adjustable gastric banding, the procedure is generally thought to be
restrictive. How does sleeve gastrectomy change bone mineral density? There are no published
studies to address this question. What is the appropriate bariatric procedure in a patient with
increased risk of developing osteoporosis? We hypothesize that sleeve gastrectomy reduces
bone loss as compared to Roux-en-Y gastric bypass. And therefore sleeve gastrectomy may be
the preferred treatment for morbidly obese patients that have high risk factors for developing
osteoporosis such as the postmenopausal female patient.
We propose to answer these questions by conducting a study that has two specific aims.
First, compare the change in osteoclast and osteoblast activity in postmenopausal females one
year after undergoing Roux-en-Y gastric bypass versus sleeve gastrectomy. Second, compare
the changes in bone mineral density in postmenopausal females one year after undergoing Rouxen-Y gastric bypass versus sleeve gastrectomy. We anticipate that the patients undergoing sleeve
gastrectomy will have a significant reduction in bone catabolism as compared to patients having
Roux-en-Y gastric bypass and therefore have a decrease in changes in bone mineral density and
osteoclast activity.
The research proposal is a prospective cohort study with a total of 30 subjects enrolled.
The subjects will consist of class II and III obese postmenopausal females. This population of
patients, postmenopausal females, is at high risk for accelerated bone loss and changes in their
bone metabolism are readily apparent in their bone mineral density. Fifteen of the subjects will
undergo Roux-en-Y gastric bypass for treatment of their morbid obesity while the other 15
patients will undergo sleeve gastrectomy. The groups will be matched as to have similar risk
factors for osteoporosis and starting body mass index. The osteoclast activity, osteoblast
activity, and the bone mineral density will be measured in all subjects preoperatively and 12
months postoperatively. All subjects will be treated with our standard dose vitamin D and
calcium replacement to try and prevent bone mineral density loss.

BACKGROUND
1) The Problem
Bariatric surgery has been shown to be effective in long term weight loss and the
reduction of associated comorbidities including diabetes, coronary artery disease, and
nonalcoholic fatty liver disease [7]. Because of rising rates of obesity and the aforementioned
comorbidities there are increasing numbers of patients undergoing bariatric surgery. One
adverse effect of bariatric surgery is accelerated bone loss that can be measured as a decrease in
bone mineral density as early as six months to a year after operation [3, 8]. The long-term
effects from bariatric surgery on bone metabolism are unknown. These consequences will
become increasing important with an increasing population of aging postoperative bariatric
patients as well as new patients with increased preoperative risks for bone loss including
postmenopausal females, and in pediatric population that may have a lifelong accumulation of
changes in bone metabolism.
Obesity is protective against osteoporosis in postmenopausal women [9] and the weight
loss seen after bariatric surgery is associated with accelerated bone loss. Several prospective
studies have shown a decrease in bone mineral density after bariatric surgery [8, 10, 11].
Malabsorptive procedures like the jejunoileal bypass, biliopancreatic diversion with or without
duodenal switch have shown the greatest effect on loss of bone mineral density [1, 2, 12]. Rouxen-y gastric bypass has shown to decrease bone mineral density at the femoral neck and hip as
early as one year postoperatively [3] despite aggressive vitamin D and calcium replacement.
While adjustable gastric banding has shown to not exert a detectable decrease in bone mineral
density one year after operation [5]. It is unknown if these differences are because of the change
in hormones after restrictive versus malabsorptive operation or if it is the effect of differing
amounts of total weight loss.
2) Significance
A literature search revealed that there are no published reports on the effects of sleeve
gastrectomy on bone metabolism. To our knowledge this will be the first prospective trial
comparing changes in bone density and bone metabolism after sleeve gastrectomy versus Rouxen-Y gastric bypass. It will be the first study looking at the change in bone metabolism and bone
mineral density specifically in sleeve gastrectomy. The results of this study may alter the
operation that we recommend for morbidly obese patients at high risk for osteoporosis, like the
postmenopausal female, patients with an existing diagnosis of osteoporosis, pediatric patients
that are likely to have changes in bone metabolism at a time when bone anabolism is favored.
3) Prior or Concurrent studies conducted
The decrease in bone mineral density after bariatric surgery has been measured on dualenergy x-ray absorptiometry (DEXA) scan. Fleischer et al. have documented a decrease in bone
mineral density as measured on DEXA scan of 9.2% in the femoral neck and 8.0% in the total
hip one year after Roux-en-Y gastric bypass [3]. Vilarrasa et al. documented a change in bone
mineral density of 10.2% at the femoral neck and 3.2% in the lumbar spine one year after Rouxen-Y gastric bypass surgery [8]. Bone mineral density as measured on DEXA scan is most
decreased in the hip, femoral neck and lumbar spine after gastric bypass surgery. The long term
effects of bariatric surgery on bone mineral density are unknown.

Estrogen is known to have protective effects on bone density. Menopause is a significant
risk factor for developing osteoporosis. Like estrogen, obesity has a protective effect against
bone loss [9]. This protective effect is now thought to be mediated through different adipocyte
hormones. Adipocytes likely play a role in bone metabolism through endocrine hormones
including leptin, adiponectin, visfatin, TNF-alpha, IL-6, and resistin [6, 13].
These changes in hormones may be different depending on the type of bariatric surgery.
Studies looking at bone density of gastric banding patients have shown no difference in bone
density after one year of operation [4, 5]. It is unknown if these different changes are the result
of different hormone changes after differing bariatric surgeries or correlate more to overall
weight loss.
Studies looking at osteoclast and osteoblast function after Roux-en-Y gastric bypass have
shown a substantial increase in osteoclast and osteoblast function 6, 12, and 18 months after
surgery [13]. It is unknown if these changes are seen in patients undergoing sleeve gastrectomy.
4) Preliminary Data
We conducted a prospective cohort study looking at the change of osteoclast activity after
Roux-en-Y gastric bypass surgery compared to a matched control group with 30 subjects in each
group. Serum was collected from each subject at time point zero and 12 months. The two
groups were not statistically different when comparing age, gender, and enrolment body mass
index. At twelve months the treatment group had a significant decrease in body mass index
(31.2 kg/m2 versus 40.4 kg/m2, p<0.001).
We used Serum CrossLaps® ELISA to measure the c-terminal telopeptides of type I
collagen (CTX) which is a marker for osteoclast activity [14]. At baseline both the control group
and the gastric bypass group had a similar starting CTX concentration (0.356 ng/ml versus 0.340
ng/ml, P=0.685) which is in the population range for healthy individuals as provided by the
company (0.294 to 0.439 ng/ml) [15]. CTX concentrations twelve months after Roux-en-Y
gastric bypass surgery were significant increased compared to the control group (0.383 ng/ml
versus 0.950 ng/ml, P<0.001).

HYPOTHESIS
What is the appropriate bariatric procedure in a patient with increased risk of developing
osteoporosis? We hypothesize that sleeve gastrectomy reduces bone loss as compared to
Roux-en-Y gastric bypass. Thus, sleeve gastrectomy would be favored in a patient population
that is at increased risk for osteoporosis like the postmenopausal female.
To test this hypothesis, we propose the following specific aims:
Aim 1: Compare the change in osteoclast and osteoblast activity in postmenopausal females one
year after undergoing Roux-en-Y gastric bypass versus sleeve gastrectomy.
Aim 2: Compare the changes in bone mineral density in postmenopausal females one year after
undergoing Roux-en-Y gastric bypass versus sleeve gastrectomy.

METHODS
1) Enrollment of Subjects
The hypothesis will be tested using a prospective cohort study with a total of 30
postmenopausal female subjects. The two groups will be case matched using a propensity score
to have similar body mass index, age, visceral adiposity (measured by waist circumference),
prevalence of type II diabetes, and number of years since starting menopause.
Group A includes 15 postmenopausal female subjects with class II and III obesity that
will undergo laparoscopic roux-en-y gastric bypass.
Group B includes 15 postmenopausal female subjects with class II and III obesity that
will undergo laparoscopic sleeve gastrectomy.
The subjects will be recruited from the Duke University Center for Metabolic and
Surgical Weight Loss. Patient accrual is considered feasible given the annual number of new
patients exceeds 1000. And while menopausal status has not routinely been documented, the
number of female patients over the age of 50 receiving laparoscopic Roux-en-Y gastric bypass or
sleeve gastrectomy exceeded 200 patients last year. It is expected that subjects will reflect the
center’s population, which is 85% Caucasian, 15% African American, and 5% Hispanic.
Inclusion Criteria
1) Postmenopausal women as determined by having a history of no menstrual bleed for
greater than one year [16].
2) Body mass index ≥ 35 kg/m2 and stable weight for the previous 3 months.
Exclusion Criteria
1) A documented history of osteoporosis or currently receiving medical treatment for
osteoporosis with bisphosphonates, teriparatide, raloxifene, or denosumab.
2) Weight greater than 400 pounds as this is the weight limit for our Dual-energy X-ray
absorptiometry machine.
3) Current or past (less than 1 year from enrolment) usage of estrogen hormone
replacement therapy.
4) Any history of thyroid dysfunction including hypothyroidism, hyperthyroidism,
currently or previous use of levothyroxine, or thyroidectomy.
5) Active smoker or use of tobacco products within the last year of enrollment.
6) Any history of glucocorticoid use greater than one year in duration or current use of
glucocorticoids.
2) Anthropometric Data, Laboratory Data, and Specimens Collection
Height and weight will be measured to the nearest 0.1 cm and 0.5 kg respectively and
body mass index (kg/m2) will be calculated. As a standard of practice at the time of initial
evaluation for bariatric surgery the postmenopausal female will have standard blood work
including calcium, 24-OH Vitamin D, and phosphate which is also checked at their 6 month and
one year follow-up appointment. This data will be collected by reviewing the chart of the
subject. For the study, preoperatively and 12 months postoperatively the patient will have 30 ml
of blood drawn from a venipuncture site in the arm. Using a centrifuge the serum will be
extracted and stored in a freezer at -75 degrees Celsius. These samples will be used to measure
osteoclast and osteoblast function.

3) Dual-energy X-ray Absorptiometry (DEXA)
A total-body narrow fan-beam scanner (Lunar iDXA; GE Healthcare, Madison, WI) will
be used. The instrument has a high weight limit of 400 pounds and a wide scanning space that is
designed to accommodate obese subjects. Scan analysis will be performed using GE Encore
11.10 software. This software allows for adjustment of regions of interest including the sagittal
line, which controls the left-right body distribution of tissue. Measurements obtained by DEXA
scan will include total body bone mineral density, site specific bone mineral density including
the skull, cervical, thoracic, and lumbar spine, distal radius, femoral neck, and total hip. The
total body bone mineral density will be used to calculate a t-score and z-score for each patient.
T-score is calculated by comparing the patient’s bone mineral density to internationally
standardized values obtained from healthy 30 year-old women. A value of less than -2 is
diagnostic for osteoporosis. A Z-score is calculated by comparing the total bone mineral density
to internationally standardized values obtained from subjects with a similar age, weight,
ethnicity, and gender. DEXA will also measure the change in total fat and lean mass.
4) Enzyme-Linked Immunosorbent Assay (ELISA)
After all serum samples from the study have been collected they will be analyzed using
protein specific ELISA. Each ELISA kit comes in a 96 well plate with standardized controls.
Each plate will analyze 40 samples. We will use 2 plates for each desired test to accommodate
our 60 samples. To measure osteoclast function we will measure C-terminal telopeptides of
Type I collagen which is the product of bone catabolism from osteoclasts. C-terminal
telopeptide of Type I collagen has been well-established as a measure of osteoclast activity [17].
To measure osteoblast activity we will measure osteocalcin which is solely produced by
osteoblasts. This has been a well-established measure of osteoblast activity [18]. These ELISA
kits are commercially available.
5) Study Intervention
The subjects will be treated at Durham Regional Hospital or Duke Raleigh Hospital by
Duke University Medical Center bariatric surgeons. The operative technique amongst the group
of Duke bariatric surgeons is standardized. Postoperatively all patients will be placed on 800 IU
of vitamin D daily and 1,200 mg of calcium carbonate daily to prevent bone loss attributed to
malabsorption of vitamin D and calcium.
Group A: Laparoscopic Roux-en-Y Gastric Bypass
The procedure is done laparoscopically with standard multiport placement. A 15 mL
proximal gastric pouch is formed, an ante-colic, retro-gastric Roux-en-Y gastrojejunostomy with
linear stapled technique is performed. A 100 cm Roux-limb, and a 40 cm bilipopancreatic limb is
fashioned, and a stapled end-side enteroenterostomy is performed.
Group B: Laparoscopic Sleeve Gastrectomy
The procedure is done laparoscopically with standard multiport placement. A 36 French
bougie is used to guide the formation of a standardized gastric pouch. Using linear staplers the
greater curve of the stomach is resected along the edge of the preplaced bougie.

6) Research Design
Aim 1: Compare the change in osteoclast and osteoblast activity in postmenopausal females one
year after undergoing Roux-en-Y gastric bypass versus sleeve gastrectomy.
Hypothesis: Osteoclast activity will be significantly increased in subjects one year after
operation and this increase will be greater in subjects who underwent Roux-en-Y gastric bypass
as compared to subjects that received sleeve gastrectomy. As well there will be an increase in
osteoblast activity seen in both groups one year after operation.
To test this hypothesis, we will collect serum samples preoperatively and 12 months after
operation. The samples will be analyzed using a C-terminal telopeptide of type I collagen
ELISA (Serum CrossLaps®, Immuno Diagnostic System, Scottsdale, AZ). This is a measure of
osteoclast activity. We will also analyze the samples using an ELISA specific for osteocalcin
(hOST-EASIA, GenWay, San Diego, CA) which is a specific measure of osteoblast activity.
Anticipated results: We expect that in Group A (subjects undergoing Roux-en-Y gastric bypass)
that the level of C-terminal telopeptide of type I collagen will more than triple compared to their
preoperative value. This is based on our preliminary work. The measured osteoclast activity of
Group B (subjects undergoing sleeve gastrectomy) is expected to be at least 50% less than the
measured difference in Group A.
Aim 2: Compare the changes in bone mineral density in postmenopausal females one year after
undergoing Roux-en-Y gastric bypass versus sleeve gastrectomy.
Hypothesis: There will be a greater decrease in bone mineral density in subjects undergoing
Roux-en-Y gastric bypass compared to sleeve gastrectomy.
To test this hypothesis, subjects in group A and B will have dual-energy X-ray absorptiometry
(DEXA) scans performed preoperatively and 12 months postoperatively. DEXA scan will
record total body bone mineral density as well as regional site specific bone mineral density
including the femoral neck, total hip, cervical, thoracic, and lumbar spine.
Anticipated results: There will be a statistically significant decrease in bone mineral density in
the femoral neck, lumbar spine, and hip in patients undergoing Roux-en-Y gastric bypass that
will not be seen in patients having sleeve gastrectomy. The 1 year decrease in total hip bone
mineral density in subjects undergoing Roux-en-Y gastric bypass will be approximately 8% loss
and a 9% loss at the femoral neck as compared with previous studies [3, 8].
7) Statistical Analysis and Sample Size
Aim 1: Our primary endpoint is change in osteoclast activity as measured by C-terminal
telopeptide of type I collagen. This is a continuous variable and given our small sample size we
will use a nonparametric Wilcoxon rank-sum test to compare the difference in one year change
of osteoclast activity between the 15 patients in Group A versus Group B.
To calculate a power analysis for the study we used our preliminary data of change in Cterminal telopeptide of type I collagen at one year in patients undergoing Roux-en-Y gastric
bypass. In the research literature there is no data available for changes in osteoclast activity
after sleeve gastrectomy. We assumed at least a 30% difference between changes in osteoclast
activity in the two study groups.

In our preliminary data the response within the group was normally distributed with a
standard deviation of 0.23. If the true difference in the experimental and control means is 0.3,
we will need to study 13 experimental subjects and 13 control subjects to be able to reject the
null hypothesis that the population means of the experimental and control groups are equal with
probability (power) 0.9. The
Type I error probability
associated with this test of this
null hypothesis is 0.05. A
sample population of 15 patients
will power the study to a value
approaching 1.0.
Aim 2: Our primary endpoint is change in bone density one year after operation. Again this is a
continuous variable and given our small sample size we will use a nonparametric Wilcoxon ranksum test to compare the difference in bone mineral density before and one year after surgery in
the two groups.
There is no published data on changes in bone mineral density after sleeve gastrectomy.
We used the data from Vilarrasa et al [8] a study looking at bone mineral density measured
before and one year after Roux-en-Y gastric bypass. Based on their data we conducted a power
analysis of number of patients needed to show a significant decrease in the bone mineral density
in the femoral neck one year
after Roux-en-Y gastric bypass.
The Type I error probability
associated with this test of this
null hypothesis is 0.05. A
sample population of 15
patients will power the study to
a value of 0.97.
8) Potential Pitfalls
A difference may not exist between the bone metabolisms in subjects one year after
Roux-en-Y gastric bypass as compared to sleeve gastrectomy. Therefor sleeve gastrectomy may
not reduce bone loss as compared to Roux-en-Y gastric bypass. This would be an equally
significant result as finding a difference. There is no study in the literature comparing the results
of bone mineral density loss and osteoclast activity after Roux-en-Y gastric bypass versus sleeve
gastrectomy. This would add to our knowledge of the changes in bone metabolism after bariatric
surgery.
Another potential pitfall is that the follow-up of one year is not long enough to detect a
significant difference between the two treatment groups. And with only one year follow-up the
long term effects of changes in bone metabolism will not be assessed. The grant restricts the
research to one year; we plan to continue to follow these patients out for at least three years from
surgery. And our hope is that this research will serve as a pilot study for future grant
submissions in the area of changes in bone metabolism after bariatric surgery.
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LOCAL / INSTITUTIONAL REVIEW BOARD
IRB approval is pending at the time of this grant submission.

AVAILABLE RESOURCES
Laboratory:
We occupy a laboratory space (700 sq. ft.) in the Stedman Metabolic Center Labs area. This
space provides us with access to shared equipment in the Research Core labs and includes a cold
room and common equipment areas. Available equipment includes: real-time RT-PCR,
refrigerated and non-refrigerated centrifuges, microcentrifuges, spectrophotometer, gel
electrophoresis equipment for protein, DNA and RNA, -80 C ultrafreezer, freezers, refrigerators,
water baths, incubators, s shakers, orbital shaker, inverted contrast-phase microscope with digital
acquisition, microplate and reader photometer for ELISA assays.

Clinic:
We have access to the Clinical Research Unit at the Duke Center for Living Campus. This
location has exam and procedure rooms available for clinical studies as well as a laboratory room
with refrigerated and non-refrigerated centrifuges and freezers.

PARTICIPATION IN SAGES
Lawrence Tabone has been a candidate member since 2009. He has attended the SAGES
courses including the basic residents’ workshop in April of 2009 at the Endo-surgery Institute in
Cincinnati, Ohio. And more recently the SAGES Flexible Endoscopy Surgery Course for MIS
fellows at Methodist Institute for Technology, Innovation and Education (MITIE) in Houston,
Texas in 2012. He has submitted an abstract for presentation at the upcoming SAGES 2013
annual meeting titled “Improved insulin sensitivity after gastric bypass correlates with decreased
total body fat, but not with changes in free fatty acids”.
Alfonso Torquati is a long-standing member of SAGES and has been extensively involved with
the society for many years.

