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ABSTRACT 

The purpose of this study is to determine the feasibility of a randomized 

controlled trial (RCT) examining bisphosphonate use (versus placebo) in 24 SG patients 

(≥40 years old) in the prevention of bariatric surgery associated bone loss. Feasibility 

metrics include recruitment, retention, adherence, safety, and satisfaction. Self-reported 

demographic characteristics and dual energy X-ray absorptiometry (DXA) acquired T-

scores and 10-year major osteoporotic fracture (MOF) and hip fracture risk were also 

collected at baseline. Study recruitment occurred over 17 months (3/5/18-8/31/19). 70 

patients met initial eligibility criteria and were referred by the clinic; of those, 32 were 

screened by telephone (n=8 excluded after screening), and 24 were randomized to 

bisphosphonate or placebo (recruitment yield: 34%; n=13 placebo; n=11 

bisphosphonate). Among active participants, 92% of pills (133 out of 144 total) were 

taken (n=22>80% compliant with medication protocol). Four AEs (134 contacts; 3% AE 

rate) were reported; none serious and no withdraws occurred due to medication 

intolerance. All participants reported being highly satisfied with participation in the 

study. Use of bisphosphonates as a novel therapeutic to preserve bone density among SG 

patients appears feasible and well tolerated. Knowledge gained from this study will be 

used to inform and appropriately power a subsequent trial.  
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INTRODUCTION 

Epidemiology of Morbid Obesity 

 Morbid obesity is defined as a body mass index (BMI) that exceeds 40 kg/m2 (100 

pounds over ideal body weight), or a BMI greater than 35 kg/m2 coupled with an obesity-

related health condition, such as high blood pressure or diabetes.(1) In the United States, 

9.2% of adults met the definition of morbid obesity in 2017-2018, which is an increase 

from 7.7% in 2015-2016.(2)  The prevalence of morbid obesity is highest among persons 

aged 40-59 years (11.5%), followed by those 20-39 years old (9.1%), and 5.8% are ≥60 

years old.(2) Women are disproportionately affected by morbid obesity (at 11.5%), 

compared to men (at 6.9%),(2) as are individuals who are Black (almost double the odds 

of being classified as morbidly obese compared to Non-Hispanic Whites), and those in 

the lowest earning category (<$10,000).(3) 

 Individuals who experience increasing BMI levels, especially those who find 

themselves in the morbid obesity category, have an increased probability of experiencing 

comorbidities like type 2 diabetes, dyslipidemia, cancer, hypertension, and heart 

disease,(4) creating a significant healthcare burden. In 2004, data from the Health and 

Retirement Study indicate that patients with morbid obesity have healthcare costs that are 

roughly 100% higher than what a normal weight patient will experience.(5) More recently, 

in 2013, an analysis of Medicaid programs found that morbid obesity costs the United 

States $69 billion per year, which accounts for 60% of total obesity-related costs. Authors 

hypothesize that these costs will continue to rise as Medicaid expands coverage to 

nutrition consultations, drug therapy, and bariatric surgery for morbid obesity therapy.(6) 

In addition to direct healthcare costs, markedly elevated BMI also contributes to 
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absenteeism and loss of productivity, with morbidly obese individuals missing eight more 

days per year than their healthy weight counterparts.(7) 

Treatment Options for Morbid Obesity  

 The increasing prevalence of morbid obesity over the past 50 years, has been 

accompanied by the inception of bariatric surgery as a treatment option for the condition. 

The first bariatric surgeries were performed in the 1950’s,(8) and over the next few 

decades began to steadily increase in popularity due to their efficacy for long-term weight 

loss, glycemic control and diabetes remission, and resolution of other comorbidities.(9) To 

be a candidate for bariatric surgery today, an individual must be morbidly obese and 

unable to achieve a successful weight loss, meaning a loss of 5-10% of baseline weight 

for at least one year using lifestyle or pharmacological efforts.(10,11) The types of bariatric 

surgeries currently performed are the adjustable gastric band (AGB), Roux-en-Y gastric 

bypass (RYGB), biliopancreatic diversion with duodenal switch (BPD-DS), and the 

sleeve gastrectomy (SG). Depending on the surgical operation chosen, approximately 

40% to 80% of excess weight loss has been documented.(9) 

Gagnon and Schafer provide a detailed overview of the available bariatric 

procedures.(9) Briefly, the AGB is a purely restrictive procedure that involves inserting a 

small ring in the proximal stomach to create a pouch above the ring. It typically results in 

40-50% of excess weight loss. Due to its modest weight loss in comparison to other 

procedures, it has become a less popular option. Until recently, the RYGB has been the 

most popular surgical option and results in about 70% of excess weight loss. It is a 

restrictive procedure that involves a malabsorptive component. The small intestine is 

transected at a variable distance distal to the ligament of Treitz and the remaining small 
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intestine is anastomosed to the gastric pouch. Then, the biliopancreatic limb is connected 

distal to the gastric pouch, creating a common channel where absorption of food occurs. 

As of 2018, only 1% of bariatric surgeries were BPD-DS; however, it results in 

approximately 70-80% of excess weight loss. It involves a SG for restriction, but then has 

an intestinal bypass to add a malabsorptive component. Finally, the most popular bariatric 

procedure at present is the SG, which will be described in greater detail below. 

Sleeve Gastrectomy 

 SG involves the longitudinal resection of the lateral part of the stomach from the 

fundus to the antrum to create a narrow tubular stomach. SG restricts the amount of food 

intake through reduced stomach size (by about 80%); however, it also promotes satiety 

by decreasing ghrelin levels and increasing glucagon-like peptide 1 and peptide YY 

levels.(9) SG produces approximately 50% excess weight loss within the first 12 months 

post-surgery,(4,12–19) with excess weight loss ranging from 25-80%. Importantly, this 

degree of weight loss has been associated with significant cardiometabolic 

improvements. For instance, a 5-year prospective follow up of 200 SG patients reported 

82% remission of type 2 diabetes, 64% remission of hypertension, and 29% remission of 

dyslipidemia, translating into significantly reduced risk of cardiovascular events 

compared to their pre-surgery risk.(20) Similarly, Salminen et al., reported complete or 

partial remission of type 2 diabetes in 45 (of 121; 37%) SG patients followed for 5 years 

post-surgery, with nearly half (47%) reporting discontinued dyslipidemia medication use 

and 29% reporting discontinued hypertension medication use.(21) Despite well-

documented cardiometabolic improvements, however, bone loss associated with the 

procedure is a negative side effect that has received recent attention. 
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Effects of Surgical Weight Loss on Bone 

Bone Loss and Fracture Risk Associated with Mixed Surgical Procedures 

 Emerging data demonstrates that bariatric surgeries are associated with significant 

bone loss, which increases the risk for metabolic bone disease and osteoporotic fractures 

later in life. This increased fracture risk is especially concerning now that more surgeries 

are being offered to older adults (60+ years),(22) as advanced age is also a risk factor for 

fracture. Clinically, changes in bone health are assessed using a technique known as dual-

energy X-ray absorptiometry (DXA). DXA is able to assess bone mineral density (BMD) 

by generating two x-rays of different energy of penetration: one is stopped by bone tissue 

and one by fat tissue. The system uses equations and algorithms to express bone and fat 

mass in kg and absolute density in g/cm2. Regions that are particularly prone to fracture 

are assessed for bone outcomes (i.e. hip, lumbar spine, and distal radius). Based on T-

scores that compare the patient’s BMD to that of an average healthy young adult, BMD 

values from the aforementioned regions of interest are then used to place individuals into 

one of three clinical BMD categories: normal, osteopenic, or osteoporotic.  

Results from a recent meta-analysis show hip and spine BMD reductions of 0.1 

g/cm2 12-months post operation following mixed bariatric surgical procedures (yielding 

~35% weight loss), which equates to a 10% decline in BMD from values collected prior 

to surgery. Alarmingly, this is ten times what is typically seen after lifestyle-based weight 

loss treatments and similar in rate to studies that assess gravitational unloading.(23) And 

although a nascent area of inquiry, limited long term data suggests bone loss continues 

even after weight stabilizes with continuing deterioration seen up to five years post-

surgery.(24) 
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Importantly, several(22,25–29) (but not all (28)) recent observational studies associate 

surgical weight loss procedures with a 20-200% increased risk of fracture. The earliest 

publication to find an increased fracture risk was published in 2014 and utilized data from 

the Mayo Clinic bariatric surgery practice database and the Rochester Epidemiology 

Project – a comprehensive (inpatient/outpatient) medical record database for all residents 

of Olmsted County, MN. In it, authors reported a doubling in fracture risk (35 expected 

fractures vs 79 observed fractures) in the 8.9±4.8 years following mixed bariatric 

surgeries.(26) Since this publication, four of five additional studies have also found an 

increased risk of site-specific fracture associated with bariatric surgery. The one study 

which did not find an increased risk of fracture with surgical weight loss was published 

by Lalmohamed in 2012.(28) Of note, a recent publication by Yu and colleagues surveyed 

over 40,000 individuals who submitted Medicare claims for RYGB or AGB procedures, 

and ultimately, reported a 73% increased risk of non-vertebral fracture after RYGB 

(versus AGB). Importantly, among patients who were 65 years and older, risk of a hip 

fracture increased by 151%.(22) 

Bone Loss Associated with Sleeve Gastrectomy 

Prior data examining surgical weight loss associated bone loss is heavily 

represented by RYGB patients; however, bone loss may vary by surgical procedure.(9,30) 

Indeed, SG results in less weight loss and nutrient deficiencies than RYGB,(9,30) and 

given its increasing popularity as a surgical option, it is prudent to examine bone loss 

associated specifically with SG to properly inform these patients. Appropriately, a meta-

analysis examining changes in bone mineral density and bone metabolism after SG in 

young and middle-aged adults was recently published, and reported that across 22 
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descriptive studies representing 1,905 individuals over a mean of 12 months (range of 6-

60 months), significant bone loss does occurs at the hip and femoral neck (-0.06 g/cm2 

and -0.05 g/cm2, respectively), although lesser in magnitude than what is typically 

associated with RYGB.(30) While this study did begin to delve into the effects of SG on 

BMD changes, it failed to include all post-menopausal women. Excluding post-

menopausal women creates a disparity in the representation of individuals receiving SG 

and experiencing surgical weight loss associated bone loss. As previously mentioned, 

women are disproportionately affected by morbid obesity and account for an estimated 

80% of all bariatric surgeries performed.(2,31) In addition to this, the age range that 

encompasses post-menopausal women represents the second highest receivers of bariatric 

surgery.(3) Considering this and that fracture risk increases due to aging and hormonal 

changes caused by menopause, it is imperative to include these individuals in analyses 

looking at BMD changes after SG. Therefore, I chose nine studies that have examined 

prospective change in DXA-acquired BMD in middle to older-aged SG patients, 

including those who are post-menopausal (see Table 1).(4,12,13,15–18,25) These studies were 

selected on the basis of complying with the following criteria: included middle to older-

aged men and/or women, did not exclude post-menopausal women, conducted pre and 

post-surgery measures of at least six months, and analyzed BMD on SG patients using 

DXA. Maximal weight loss ranged from 21-81%, and BMD was assessed at the hip 

(n=5), spine (n=7), femoral neck (n=7), and distal radius (n=2). Overall, annual 

significant loss in hip and femoral neck BMD of approximately 6% was robustly seen 

across the studies. Change in lumbar spine BMD was much more variable, with a more 

modest reduction of 1.5% observed, but change ranging from -9% to +6%. Despite the 
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varying results for lumbar spine, five studies still found significant losses. Although only 

reported in two studies, change in distal radius BMD appears to be small and not 

significant (-0.05%), suggesting that reduced skeletal loading is likely a major contributor 

to observed bone loss.  

The earliest study evaluating BMD and SG was performed in 2010 by Nogués 

and colleagues, where 15 middle-aged women were prospectively followed for 12 

months. Authors observed a -7.2%, -8.5%, and -4.6% change in BMD for total hip, 

femoral neck, and lumbar spine, respectively.(15) Following this, Pluskiewicz and 

colleagues conducted a six month longitudinal study of 29 middle-aged women, and 

reported similar results.(4) Ruiz-Tovar and colleagues contradicted  the above results 

when they conducted a 24 month study on 42 middle-aged, predominantly female 

sample. They reported a significant increase at the lumbar spine of 5.7%.(12) A 12 month 

study conducted on 20 females did not report significant changes on any of the sites 

assessed, but did see decreases at the femoral neck and spine.(16) Differing results were 

then reported by Adamczyk and colleagues who followed 25 middle-aged obese men for 

six months post-SG and reported smaller BMD decreases at the hip (-3.5% and -3.3%, at 

the total hip and femoral neck, respectively), yet a significant 2.8% increase in BMD at 

the lumbar spine. The BMD changes found by Nogués and Pluskiewicz were echoed in 

three subsequent studies by Adamczyk, Bredella, and Luhrs.(13,14,17) These three studies 

all evaluated predominantly middle-aged women over a 12 month period; however, Luhrs 

only reported on change in BMD in the lumbar spine and Adamczyk only reported on 

femoral neck and total hip. Overall, results suggest that SG produces less dramatic bone 

loss than the RYGB procedure; however, the consistency and degree to which bone is 
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lost at the hip region suggests elevated fracture risk remains a concern for both SG 

patients and their providers. Better understanding of the biology of surgical weight loss 

associated bone loss is necessary to develop effective countermeasure strategies.



 

 

Table 1. Studies examining changes in BMD after sleeve gastrectomy. 

Author 
(year) N (% ♀) Duration 

(months) 
Age 

(years) 
BMI 

(kg/m2) 
Weight Loss 

(%) Changes in Regional BMD 

      TH FN Spine Radius 
Nogués, 

 (2010)(15) 
15 

(100%) 12 47.8 43.3 -32.4% -7.2%* -8.5%* -4.6%* -0.1% 

Pluskiewicz, 
(2012)(4) 

29 
(100%) 6 40.4 43.7 -28.4% -5.8%* -6.9%* -1.2%* Not 

Reported 
Ruiz-Tovar 
(2013)(12) 

42 
(93%) 24 43.6 51.2 -80.6% Not 

reported 
Not 

reported +5.7%* Not 
Reported 

Carrasco 
(2014)(16) 

43 
(100%) 12 34.2 37.3 -74.9% Not 

reported -3.1% -1.7% Not 
Reported 

Adamczyk 
(2015)(18) 

25 
(0%) 6 44.8 43.3 -21.3% -3.5%* -3.3%* +2.8%* Not 

Reported 
Adamczyk 
(2015)(17) 

36 
(100%) 12 41.2 42.1 ~ -30.0% -5.3%* -6.2%* Not 

reported 
Not 

Reported 
Bredella, 
(2017)(13) 

21 
(86%) 12 49.0  44.1 -25.0% ~ -7.0%* ~ -5.0%* ~ -3.0% Not 

Reported 
Luhrs 

(2019)(14) 
28 

(100%) 12 57.5 40.5 -21.0% Not 
reported 

Not 
reported ~ -8.7%* No 

Change 
 
*Indicates significant findings from baseline
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Mechanisms of Weight Loss associated Bone Loss 

Several mechanisms have been proposed to explain surgical weight loss 

associated bone loss, including mechanical unloading, nutritional deficiencies, and 

hormonal imbalances (see Figure 1). Each will be discussed in detail in the sections 

below, with particular emphasis placed on application to the bariatric surgery patient. 

Figure 1. Mechanisms behind surgical weight loss induced bone loss. 

 

Mechanical Unloading 

In accordance with Wolff’s Law, the skeleton is adaptable to mechanical strain; 

thus, bone mass and architecture are strengthened in response to loading (either 

gravitational or muscle forces), and conversely diminished in response to unloading.(9) 

This concept holds in cases of use and disuse (i.e., associated with exercise(32) / 

hypergravity(33), and bedrest(34) / spinal cord injury(35), respectively), and is especially 

salient for the spaceflight community, as astronauts experience extreme mechanical 
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unloading due to the absence of gravity in space. Indeed, studies using both DXA and 

QCT have confirmed that the magnitude of BMD loss in astronauts can be as large as -

2.7% per month(34), translating into 14-20% loss during long duration (i.e. 4-6 months) 

spaceflight missions. Likewise, recent data have also shown that microarchitectural 

measures such as cortical thickness and volume are compromised by gravitational 

unloading, with precise QCT measurements tracking the compartmental nature of bone 

loss.(34) 

Similarly, after bariatric surgery, the human skeleton experiences a rapid and 

drastic amount of unloading due to weight loss (see section Bone Loss and Fracture Risk 

Associated with Mixed Surgical Procedures). This unloading has been directly correlated 

in several (but not all(28)) studies with increases in bone turnover markers (BTM) and 

reduced aBMD at weight bearing sites(9,22,26,27), and is presumably driven by changes in 

fluid shear stress sensed within the osteocytes (which in turn generate secondary biologic 

signals governing the modeling/remodeling response; see (29,36) for a more detailed review 

on this topic). Although a dominant driver, mechanical unloading is insufficient in fully 

explaining weight loss associated bone loss, as weight loss associated BMD loss persists 

long after weight loss has plateaued, nor can it account for decreases in non-weight 

bearing bones, such as the wrist and forearm.(9,22,37) Better understanding, then, of the 

biology of surgical weight loss associated bone loss necessitates examination of non-

mechanical mechanisms, including nutritional deficiencies and hormonal imbalances 

associated with the surgeries. For both topics, more data has been reported in surgeries 

with a malabsorptive component, but when possible, data specific to SG will be cited. 

Nutritional Deficiencies 
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     Since all bariatric surgery procedures alter the gastrointestinal tract, 

malabsorption of nutrients is an expected occurrence, specifically in RYGB and BPD-

DS.(9) Digestive function is altered in restrictive surgeries as well, with SG reducing the 

stomach size by approximately 85%, which in turn reduces the total nutrient content of 

any given meal (38). Studies have shown calcium, magnesium, vitamin D, vitamin K, and 

protein absorption is hindered by bariatric surgery, and that malabsorption of these 

nutrients is particularly detrimental to bone health.(38) The American Society of Metabolic 

and Bariatric Surgery (ASMBS) acknowledges this malabsorption phenomenon in SG 

and recommends supplementation of at least 3,000 IU/day of vitamin D if serum levels 

are below 30ngml, 1,200-1,500 mg/day of calcium, and 90-120 mg/day of vitamin K.(39) 

There are no current supplementation guidelines for magnesium. Protein 

recommendations are based on height and sex and range from 65-110 g/day. These 

recommendations are recommended to be followed for the duration of the patient’s life. 

Unfortunately, despite these guidelines, malabsorption of micronutrients is still occurring 

in many bariatric surgery patients.(40) 

Both RYGB and SG bypass the outside curvature of the stomach, the fundus, 

which contains parietal cells that produce hydrochloric acid (HCl) and chief cells that 

produce pepsin.(38) Relevant to bone, HCl and pepsin are required for calcium to be 

solubilized, thus allowing it to be absorbed. Active absorption typically occurs in the 

duodenum, which is bypassed in RYGB, so this path of absorption is inhibited. One study 

noted that despite calcium supplementation, intestinal calcium absorption dropped from 

33% to 7% six months post RYGB.(40) This lack of absorption lowers serum calcium 

levels, triggering a rise in PTH and osteoclast activity; thereby, catabolizing skeletal 
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tissue to maintain blood calcium homeostasis.(38)  The alteration of the gastrointestinal 

tract also lessens the amount of magnesium that is absorbed, and a shortage of 

magnesium is clinically associated with osteoporosis.(38) 

Vitamin D is necessary for the active absorption of calcium. In its absence, only 

10-15% of ingested calcium can be absorbed, even when it has been solubilized. Vitamin 

K activates vitamin K-dependent proteins that regulate calcium deposition into the bone, 

as opposed to soft tissues.(38) Understanding vitamin D and K’s critical role in calcium 

being properly utilized, means that their proper absorption is vital. Unfortunately, the 

absorption of fat-soluble vitamins such as vitamins D and K occur primarily in the 

duodenum where the bile would meet the nutrition to aid in absorption. This is bypassed 

in RYGB, so bile and vitamin D and K do not mix until they reach the distal jejunum; 

thus, the nutrients have much less exposure time to be absorbed.(38) Malabsorption of 

vitamins D and K will aid in the malabsorption of calcium and create a destructive 

environment to healthy bone, marked by increased levels of PTH, which is one of several 

hormones that will be expanded upon in the following section. 

Protein intake after RYGB and SG is impaired due to several factors. Dietary 

intake is reduced due to a gastric capacity reduction, and patients often experience an 

aversion to protein-rich foods stemming from a change in their olfactory responses. Like 

the nutrients listed above, digestion and absorption impairment occurs from the changes 

in gastric acid and pepsin secretion in the stomach Additionally, pancreatic and gastric 

enzymes’ production is reduced, which further impairs digestion.(41) Overall, the 

nutritional deficiencies and malabsorption of those undergoing SG are less common and 

less severe because the surgery only involves a simple gastric volume reduction.(30,42) 
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Hormonal Imbalance 

            A variety of hormones have been implicated in bone loss that accompanies 

surgical weight loss, including — but not limited to — gastrointestinal, endocrine, 

adipose, and gonadal hormones.(43) The effect of this changing hormonal milieu on 

osteoblast and osteoclast function may contribute to the rapid skeletal changes after 

bariatric surgery such as bone strength, density, and microarchitecture. Conflicting 

evidence exists in regards to the neurohormonal mechanisms that may contribute to 

skeletal changes after bariatric surgery, and the specific hormonal effects of individual 

surgery types have not been adequately studied.(44) It is known, however, that bone 

resorption and formation is tightly modified through a sophisticated network between 

endocrine and paracrine signals.(45) 

The rapid weight loss following bariatric surgery can lead to various changes in 

hormones linked to adipose tissue. Circulating estrogens are a significant hormonal 

regulator of bone metabolism in both women and men and are known to decrease with 

reduced adiposity.(29) Adipose tissue is the primary source of estrogens such as estradiol 

which maintain bone formation and decrease bone resorption; thus rapid weight loss 

leads to a rapid depletion of estrogen-based hormones.(29) Leptin, a hormone 

systematically released by adipocytes, is the chemical messenger that maintains 

communication between adipose tissue and bone.(46) Although leptin is positively 

correlated with obesity and decreases with weight loss, its relationship with BMD is more 

complex.(29) Leptin can act to regulate bone structure and function at multiple levels,(47) 

centrally inducing bone resorption while peripherally induced bone formation.(48) Despite 

this complicated relationship, however, the increase in bone resorption markers in 
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bariatric surgery patients significantly outweighs markers of bone formation.(47) 

Adiponectin, a hormone also produced by adipose tissue, stimulates osteoclast activity 

and differentiation, which may be detrimental to bone.(29) It is inversely associated with 

fat mass and is reported to rise after bariatric surgery.(29) A prospective study of 43 

women evaluated post-gastric bypass reported that increases in adiponectin concentration 

were associated with a BMD decline of -2.8% at total body, -3.5% at the lumbar spine, 

and -6.7% at the femoral neck.(16)  

The structural alterations made within the gastrointestinal tract during bariatric 

surgery can lead to impairment of the normal functions of various gut hormones such as 

ghrelin and peptide YY (PYY). Ghrelin, produced in the fundus, serves to stimulate 

appetite and decrease energy expenditure. Ghrelin is known to both stimulate osteoblast 

proliferation and osteoclastogenesis, with its anabolic effects typically predominating in 

animal studies as well as studies examining adolescent women.(43) Despite this 

knowledge, current studies have been inconsistent in reporting the impact of bariatric 

surgery on circulating ghrelin levels.(9) Bariatric surgery, particularly RYGB, also 

triggers substantial changes in PYY.(29) PYY is an important neuropeptide involved in 

energy balance and bone mass regulation. Several animal studies have revealed that a 

deficit of PYY induced by weight reduction can lead to decreased trabecular bone.(49) The 

plethora of affected hormones most likely act in unison to function as part of the 

mechanism behind surgical weight-loss associated bone loss, as the changes in the 

individual mechanisms of each hormone alone would not be sufficient to cause the 

magnitude of the change recorded by recent studies. Parathyroid hormone (PTH), a 

hormone that regulates serum calcium through its effect on bone, increases after SG.(9) 
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An effect of the nutritional absorption deficit is the occurrence of secondary 

hyperparathyroidism reaching 40%, 57%, 70%, and 74% after AGB, SG, BPD-DS, and 

RYGB, respectively, after five years.(9) The relationship between PTH, calcium, and bone 

metabolism can most easily be measured using biomarkers of bone turnover, such as 

procollagen type 1 N-terminal propeptide (P1NP) and beta-C-terminal cross-linking 

telopeptide of type 1 collagen (βCTX). The quantification of mechanisms underlying 

weight loss associated bone loss – whether it be increased bone resorption and/or 

decreased bone formation – will lead to the development and design of effective 

therapies. 

Bisphosphonates as a Novel Therapeutic to Preserve Bone during SG 

Bisphosphonate Overview 

         Bisphosphonates are chemically stable derivatives of inorganic pyrophosphate, 

classified as either nitrogen or non-nitrogen containing compounds (see Figure 2).(50) 

First recognized for their ability to inhibit mineralization and used as public water supply 

“softeners” in the 1800s, over the past 40 years, bisphosphonates have been used 

clinically as powerful pharmaceutical agents in the prevention and treatment of 

osteoporosis.(50) As demonstrated in both in vitro and in vivo systems, bisphosphonates 

have a high affinity for bone and are readily taken into active sites of bone remodeling 

(binding most strongly to the calcification front as new minerals are being deposited)(51) 

where they inhibit hydroxyapatite breakdown.(50) Nitrogen containing compounds, 

including risedronate, are known to specifically inhibit the farnesylpyrophosphate 

synthase pathway (which decreases signal transduction and therefore function of the 
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osteoclasts), thereby inhibiting osteoclast-mediated bone resorption. (51) More recent 

research has suggested that bisphosphonates also limit apoptosis of both osteoblasts and 

osteocytes, further contributing to a net increase in bone deposition.(52) 

Figure 2. Chemical structure of common bisphosphonates.(50) 

 

Within bone tissue, bisphosphonates are more readily absorbed into trabecular 

(than cortical) bone, due to the high rate of turnover in the trabecular compartment.(51) 

Despite their low bioavailability (when administered orally, approximately 99% will pass 

into the feces unchanged), the medication has a remarkably long half-life, with 

bisphosphonate derivatives detected in urine up to eight years after treatment completion. 

Clinical studies reporting on a variety of bone health outcomes have repeatedly 

confirmed the efficacy of bisphosphonates in attenuating bone resorption,(51) preserving 

— or even building — bone density(50) and structure,(53) and ultimately reducing the risk 

of osteoporotic fracture.(54) More recently, bisphosphonates have also been used in the 

treatment of heritable skeletal disorders in children as well as metastatic bone disease, 
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although certainly the most common clinical condition for which bisphosphonates are 

prescribed is osteoporosis.(50) 

Application of Bisphosphonates to Surgical Weight Loss Associated Bone Loss 

         Although no published study, to our knowledge, has examined whether 

bisphosphonates can serve as a counteractant therapy to surgical weight loss associated 

bone loss, several lines of reasoning suggest that they may be effective. First, weight loss 

is inherently catabolic and increases bone resorption,(55) most often denoted by relative 

increases in bone resorption (typically CTX and NTX) versus bone formation (typically 

P1NP, BALP, and OC) biomarkers.(9) For instance, a recent prospective observational 

study found that patients one year post RYGB had a significant decrease (27%) in the 

P1NP/ βCTX ratio,(56) which was inversely associated with PTH.(56,57) Intriguingly, these 

changes were observed as early as one month post-surgery and independent of 

postoperative BMI loss — and thus mechanical unloading.(56) Other reports have 

corroborated that CTX level increases are seen as early as 10 days, and peak between six 

months and one year to 200% of baseline values, post-surgery.(9,29) Notably, results from 

the seminal STAMPEDE trial (a five-year RCT involving 95 morbidly obese individuals 

randomized to RYGB, SG, or medical therapy) show increased CTX and PTH levels in 

RYGB and SG groups compared to medical therapy five years post-surg; RYGB having 

significantly higher levels of CTX than SG and medical therapy. 25-Hydroxyvitamin D 

and leptin levels were highest among medical therapy patients; medical therapy having 

significantly higher leptin than RYGB.(57)  
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         Second, we reason by analogy. Although (and as indicated in the preceding 

paragraph)(56), systemic, catabolic factors do contribute to surgical weight loss associated 

bone loss, unloading is undoubtedly important, and intriguing evidence from the NASA 

suggests that bisphosphonates are effective in minimizing hypogravity-induced bone loss 

in astronauts.(58,59)  (Recall from Mechanical Unloading, astronauts experience dramatic 

bone loss, which is similar in magnitude to what is experienced by bariatric surgery 

patients, at least over a six month period.) In an elegant study published in 2013, seven 

astronauts aboard the International Space Station (ISS) were given a weekly dose of 

70mg alendronate (nitrogen containing bisphosphonate) during an average 5.5-month 

mission (durations ranged from 4.5 and 6.2 months) in combination with a standard 

exercise treatment. Data on change in femoral neck, trochanter, total hip, pelvis, and 

lumbar spine were compared to historical data from 18 astronauts who only participated 

in exercise interventions, with major findings being that the addition of alendronate to 

exercise while in space attenuated expected declines in both compartments of bone and in 

essentially all sites measured.(58) Specifically, trabecular vBMD in the FN, trochanter, 

and TH saw comparative percent changes from pre and post flight in Pre-ARED and 

bisphosphonate use of -15.0 and +6.5, -13.5 and -1.9, and -13.6 and -1.1, respectively 

(see Figure 3).(58) 
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Figure 3. Change in DXA BMD after long-duration spaceflight between experimental 

groups.(58) 

  

More recently, a continuation of the study published in 2019 reported that the 

combination of ARED and bisphosphonates not only prevented declines in all BMD 

measures and increases in biomarkers for bone resorption, but also increased aBMD of 

the lumbar spine.(59) Taken together, both lines of evidence suggest bisphosphonates may 

be effect countermeasures to surgical weight loss associated bone loss, although this 

hypothesis has not yet been specifically tested. 

Purpose Statement and Hypothesis 

Because weight loss is associated with bone loss, secondary to increased bone 

resorption, and bisphosphonates are well recognized as potent, anti-resorptive agents, we 

hypothesize that the use of bisphosphonates will be effective in the treatment of surgical 

weight loss associated bone loss. The WE RISE study (NCT03411902) is specifically 

designed to determine the feasibility of recruiting, enrolling, treating, and following 24 

older SG patients into a randomized controlled trial (RCT) examining the efficacy of 
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bisphosphonate use (versus placebo) in the prevention of surgical weight loss associated 

loss of bone mass and quality. For my thesis, I will be specifically focusing on feasibility 

data, including: (1) participant recruitment and retention rates; (2) adherence to and 

safety of a once monthly oral dose of risedronate or placebo; and (3) participant 

satisfaction. Data and knowledge gained from this pilot trial (i.e. this feasibility analysis 

and forthcoming treatment effects to be reported in a separate manuscript) will be utilized 

to appropriately power and effectively administer a larger, multi-site RCT. 

MATERIALS AND METHODS 

Patient Population 

SG patients 40 years of age or older were recruited from the Wake Forest Baptist 

Health Weight Management Clinic (WMC) in Winston Salem, NC. Patients had to meet 

standard criteria for bariatric surgery including having a body mass index (BMI) of 40 

kg/m2 or higher, or a BMI ≥ 35 kg/m2 with associated complications of obesity such as 

poorly controlled type 2 diabetes or obstructive sleep apnea.(10) WMC SG patients 

adhered to the following clinic visit schedule post-surgery: one overnight hospital stay; 

30 day nutrition and surgeon follow up; three month nutrition and blood draw follow up; 

six month surgeon, resting metabolic rate, and exercise follow up; nine-month nutrition 

follow up; and 12 month surgeon and resting metabolic rate follow up. Participants were 

asked to establish an exercise routine pre-operatively that was done for at least 30 

minutes, three to five days per week, with exercise recommendations post-surgery 

including daily walking and strength training beginning after their 30 day follow up visit. 

The ASMBS recommendations for patients were followed.(60) Briefly, patients were 
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recommended to consume (typically in the form of a multivitamin) at least 3,000 IU/day 

of vitamin D (if serum levels were below 30 ng/mL), 1,200-1,500 mg/day of calcium, and 

90-120 mg/day of vitamin K. Protein recommendations were based on height and sex, 

ranging from 65-110 g/day, and slightly higher than the ASMBS recommended intake of 

46 grams/day for women and 56 grams/day for men.  

Eligibility and Recruitment 

All potential participants were referred by clinic staff at the time their surgery was 

scheduled and approached by study staff during their pre-surgical evaluation (two to three 

weeks prior to surgery) for possible participation in the study. Full inclusion/exclusion 

criteria are presented in Table 2. Briefly, Phase I exclusion criteria were evaluated by 

phone screen and included age <40 or >79 years, baseline weight >450 pounds (204 kg) 

[dual energy x-ray absorptiometry (DXA) scanner limit], chronic anti-reflux treatment, 

history of medical disorders known to affect bone metabolism, use of bone‐active 

medications, or a known allergy to risedronate. Participants who were given Phase I 

clearance were further evaluated by the study physician (Phase II clearance) for potential 

eligibility. Eligible and interested participants were then referred to the study coordinator 

to read and sign an IRB-approved (48310) informed consent prior to enrollment. 
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Table 2. Study inclusion and exclusion criteria.  

Clearance Criteria Inclusion Exclusion Assessment 

Phase I Sleeve  
Gastrectomy  

Yes  Referred 
from WMC 

Age 40-79 years   Self-report 
Weight Status  Weight greater than 450 lbs 

(204 kg) (DXA limit) 
Scale 

Medication use  Regular use of growth 
hormones, oral steroids, or 
prescription osteoporosis 
medications; known allergies  
to bisphosphonates. Unstable 
gastric reflux requiring 2 or 
more additional doses per 
month of anti-reflux 
medication. 

Medical Record 

Research 
participation 

Willing to 
provide 
informed 
consent;  
agree to all 
study 
procedures and 
assessments. 

Current participation in other 
research study; Unable to 
provide own transportation to 
study visits; unable to position 
on DXA scanner independently  

Self-report 

Phase II Physician  
Clearance 

Study physician 
approves safe 
participation. 

Participant presents with 
clinical contraindications (i.e. 
creatinine clearance <30, 
hypocalcemia, osteoporosis, 
pregnancy, esophageal 
abnormalities, increased risk  
of ulceration or electrolyte 
abnormalities) 

Medical Record  
or Study Baseline 
DXA scan 

*WMC: Weight Management Clinic 
*DXA: Dual X-ray Absorptiometry 
  



 
 

24 
 

Study Design and Randomization 

This pilot, double-blinded, RCT (NCT03411902) involved 24 participants 

assigned (via computer-generated block randomization, with stratification by sex) to take 

six doses of once monthly risedronate or placebo capsules over a six month period. 

Official study assessments occurred at baseline and six months, with an optional 12 

month assessment visit (monetary remuneration was given after the six month assessment 

visit, or at the 12 month assessment if they chose to return).  

An overview of the study timeline is provided in Figure 4. Briefly, two in-person 

baseline assessment visits occurred no more than six weeks prior to surgery and at least 

three days prior to surgery. At the first baseline assessment visit after providing informed 

consent and completing remuneration paperwork, participants were queried on self-

reported medical history, demographic characteristics (including age, race, 

postmenopausal status, education, and fracture history). The FRAX (Fracture Risk 

Assessment Tool; version 4.1)(61) questionnaire and the first series of DXA scans (total 

body, hip, lumbar spine, and distal radius) were also completed. If osteoporosis (regional 

T-score <2.5) was detected on any scan during the first baseline visit, participants were 

deemed ineligible and referred to their primary care physician. 

At the second baseline visit, a fasting blood draw was performed along with a 

quantitative computed tomography scan (QCT) of the lumbar spine and hip region (full 

scanning details presented below). At the end of this visit, participants were randomized 

to either risedronate or placebo groups, provided with their assigned medication, and 

instructed to consume the first dose three to seven days prior to their surgery and monthly 

thereafter for the next six months. On each monthly medication date, participants were 
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contacted by the study coordinator via phone to inquire if the pill had been taken that 

month and if any adverse events had occurred. Adverse events were classified as mild, 

moderate, severe, life-threatening/disabling, or fatal and as not related, possibly related, 

or definitely related. Medication protocol, dosing instructions, and possible side effects 

can be found in Appendix A. 

After six months, two in-person follow up assessment visits occurred within one 

month from last medication dose (i.e., six months post-surgical date). As with baseline 

assessment visits, DXA scans, QCT scans, and a fasted blood draw occurred. 

Additionally, participants were asked to return their pill bottle, update their medication 

log, and complete a participant satisfaction survey containing nine Likert questions 

(1=highly disagree, 5=highly agree) regarding satisfaction with the study (see Figure 5). 

Participants reported on overall communication, the medication process, if they found the 

study to be troublesome, study duration, and the blood draw process. The question: 

“Overall I was satisfied with my participation in this study” was used as the primary 

metric of participant satisfaction. Finally, for those who consented to 12 month follow up 

testing, participants were asked to return after six months of free-living conditions to 

complete additional in-person follow up assessment visits occurring within 45 days of 

their one year post-surgical date. As with six month assessments, DXA scans, QCT 

scans, and a fasted blood draw were performed.  
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Figure 4. WE RISE Study Flow Diagram  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*SG: Sleeve gastrectomy; WMC: Weight Management Center; FRAX: Fracture Risk 
Assessment Tool; DXA: Dual x-ray absorptiometry QCT: Quantitative computed 
tomography  
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Figure 5. WE RISE Six Month Satisfaction Survey 
 
Please rank the following statements on the level on which you agree or disagree with them. 

1. Communication with the study coordinator was clear and effective. 
 

Highly disagree  1 2 3 4 5 Highly agree 

2. I found scheduling and attending my visits to be easy and hassle free. 
 

Highly disagree  1 2 3 4 5 Highly agree 

3. I felt adequately informed about what was expected of me prior to testing visits. 
 
Highly disagree  1 2 3 4 5 Highly agree 
 

4. The blood draw was performed smoothly and did not cause uneasiness. 
 
Highly disagree  1 2 3 4 5 Highly agree 
 

5. I found it helpful to have the monthly reminders to take the medication. 
 
Highly disagree  1 2 3 4 5 Highly agree 
 

6. Taking the medication once a month was easy for me. 
 
Highly disagree  1 2 3 4 5 Highly agree 
 

7. I was satisfied with the duration of the study. 
 
Highly disagree  1 2 3 4 5 Highly agree 
 

8. I felt like participating in this study required a lot of my time and/or was especially 
onerous. 
 
Highly disagree  1 2 3 4 5 Highly agree 
 

9. Overall I was satisfied with my participation in this study. 
 

Highly disagree  1 2 3 4 5 Highly agree 
 
Rank the primary reasons for participating in this study: 
 
__General research interest __Concern about bone health __Obtaining health-related 
information 
__Financial compensation __Other__________________________________________ 
 
Feel free to explain any of the above responses below or give any other feedback: 
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Outcome Measures 

The primary outcome for this pilot RCT is six month feasibility, defined as: (1) 

participant recruitment and retention rates; (2) adherence to and safety of a once monthly 

oral dose of risedronate or placebo; and (3) participant satisfaction. Secondary outcomes 

include six and 12 month change in: (1) DXA-acquired hip, femoral neck, lumbar spine, 

and distal radius areal (a)BMD and trabecular bone score (TBS) of the lumbar spine, and 

total body fat and lean masses; (2) QCT acquired total hip and spine integral, cortical, 

and trabecular volumetric (v)BMD; and (3) biomarkers of bone turnover, including P1NP 

and CTX. Details surrounding acquisition of the specific assessments are provided below. 

For completeness, all study outcome procedures are described below; however, only 

feasibility outcome data are presented. 

Feasibility Metrics 

To determine feasibility, this study assessed the retention and recruitment of 24 

participants, determined the adherence to and safety of taking a monthly oral dose of 150 

mg risedronate, and evaluated the overall satisfaction of participants at six months post-

surgery. Criteria for success was determined based upon prescribing information, best 

practices, and data from previously published trials(62–65) and include: (1) recruiting all 24 

participants with recruitment yield >30%, (2) retaining >80% of the study sample, 

defined as completion of follow up visits over six months, (3) >80% of pill dosages taken 

(based on participant monthly self-report and confirmed by six month pill count), (4) 

<20% total adverse events reported out of total number of contacts (conservatively 

assessed through six months, when possible), and (5) >80% of participants satisfied with 
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participation, defined by the self-reported Likert scale question, “Overall, I was satisfied 

with my participation in this study”. 

DXA-Acquired Body Composition and Bone Metrics 

All DXA-acquired outcome measures were assessed at baseline, six, and 12 

months. If obtainable, total body composition as well as aBMD of the total hip, femoral 

neck, lumbar spine and distal radius and TBS of the lumbar spine was determined by 

DXA (iDXA, GE Medical Systems, Madison, WI). All scans were performed and 

analyzed in accordance with national recommendations by an International Society for 

Clinical Densitometry (ISCD) trained DXA technologist, as done previously.(66) 

Coefficients of variation from repeated measurements (on the same individual by the 

same technician) at our institution are <2% for total hip, femoral neck, and lumbar spine 

aBMD. In accordance with the ISCD standards, if a participant exceeded the field of 

view, the protocol was to acquire a full view scan of the right side of the body and the 

software would mirror that over to compensate for the out of view left side.(67) 

QCT-acquired Bone Metrics 

All QCT-acquired outcome measures were assessed at baseline, six, and 12 

months. Helical CT scans of the hips and lumbar spine were acquired on a Siemens 

SOMATOM Definition Flash CT scanner (Siemens Healthineers, Erlangen, Germany) at 

Wake Forest Baptist Medical Center. The lumbar spine scan covered the region from the 

top of L1 through the base of L5 and the bilateral hip scan covered the region from the 

superior acetabulum to mid-femur. Both scans were conducted at a table height of 175, 

500 mm scan field of view, 120 kV, 350 mA, 1 mm helical with a pitch of 1, and a 0.8 
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second gantry rotation speed, standard reconstruction, with secondary reconstruction with 

a bone algorithm at 0.625 mm slice thickness. Lumbar spine scans also included a 

secondary reconstruction with 2 mm slice thickness using an iterative metal reduction 

algorithm (iMAR). A 5-port bone mineral calibration (viewable Figure 6) phantom 

(Mindways Software, Inc., Austin, TX) was imaged in every scan to allow for 

measurement of vBMD. Trabecular vBMD was measured at the L1-L4 levels, and 

trabecular, cortical, and integral vBMD was measured for the right total hip, trochanter, 

and femoral neck using the QCT Pro version 6.1 3D Spine Module and the Computed 

Tomography X-Ray Absorptiometry Hip Module (Mindways Software, Inc., Austin, TX) 

(Figures 7a and 7b). Cortical thickness was measured at 16 evenly spaced concentric 

regions in the femoral neck using the Bone Investigational Toolkit plug-in for the QCT 

Pro CTXA Hip Module (Figure 7c). Quality assurance of the CT scanner and phantom 

was performed monthly according to manufacturer specifications.   
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Figure 6. Exemplar QCT output with phantom in view and displaying weight change in 
participants.  

A. C. B. 

Figure 7. A) Exemplar hip vBMD analysis using Computed Tomography X-Ray Absorptiometry Hip Module. 
B) Lumbar spine analysis of vBMD using 3D Spine Module. C) Femoral neck cortical thickness analysis using 
the Bone Investigational Toolkit software (Mindways Software, Inc, Austin TX). 

 

B. 

C. A. 

Figure 6. A) Exemplar axial view of CT scan at baseline with 5-port phantom 
visible underneath the participant. B) Lateral view of localizer CT scan at 
baseline with phantom in view. C) Axial view of CT scan at six-month follow 
up. D) Lateral view of localizer CT scan at six-month follow up. 

D. 

Figure 7. Exemplar QCT output from WE RISE study participants. 
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Biomarkers of Bone Turnover 

 Blood samples were collected at baseline, six, and 12 months via venipuncture 

after an overnight fast (of ≥10 hours) and abstinence from physical activity for the 

previous 24 hours. After centrifugation for 20 minutes at 4ºC, aliquots of serum were 

stored at -70ºC. Analyses of a bone formation marker (P1NP), and a bone resorption 

marker (CTX) using commercially available ELISAs as done previously(68) are planned, 

with remaining serum stored for future use.   

Covariate Metrics 

Self-reported demographic information (i.e., age, sex, race/ethnicity, education 

level) was assessed at baseline. Participants were queried at baseline, six, and 12 months 

on medical information to assess 10 year major osteoporotic and hip fracture risk using 

the FRAX tool (including menopausal status, glucocorticoid steroid use, fracture history, 

number of falls in the last year, surgery to the spine, hips, legs, and arms, diagnosis of 

rheumatoid arthritis, alcohol consumption, smoking status, diagnosis of type 1 diabetes, 

osteogenesis imperfecta in adults, untreated long-standing hyperthyroidism, 

hypogonadism or premature menopause, chronic malnutrition, or malabsorption and 

chronic liver disease, high blood calcium levels, and prior oophorectomy or 

hysterectomy).(61) We also recorded medication use by asking participants to bring in all 

medications (including nutritional supplements) during the baseline assessment, and 

following up on changes in medication use that occurred at six and/or 12 months. Finally, 

height was assessed without shoes to the nearest 0.25 cm using a stadiometer (Health O 

Meter® Portrod) and body mass measured to the nearest 0.05 kg using a calibrated and 

certified digital scale (Health O Meter® Professional 349KLX). 
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Statistical Analyses 

Baseline characteristics were summarized using descriptive measures and 

presented overall and by treatment group as means and standard deviations (mean ± SD) 

for continuous variables or counts and percentages [n (%)] for discrete variables.  

Feasibility measures were compared by treatment group using independent t-tests for 

continuous variables and Chi-square tests for categorical measures. All statistical 

analyses were performed using SAS v9.4 with significance based on a Type I error rate of 

0.05. Overall, study feasibility was based on descriptive summary statistics of individual 

components rather than statistical significance.  
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RESULTS 

Baseline Sample Characteristics 

 Baseline characteristics of randomized participants are summarized overall and by 

group (risedronate n=11; placebo n=13) in Table 3. Average age of the study sample was 

56±7 years, 83% of the study sample were female (63% were postmenopausal), and 21% 

were Black. Baseline BMI was 44.7±6.3 kg/m2, with the risedronate group having a 

significantly higher BMI compared to the placebo group (48.1±7.2 kg/m2 versus 41.9±3.8 

kg/m2, respectively). Eighty-three percent completed schooling beyond high school. 

FRAX-estimated probability of a fracture in the next 10 years was low (6.0% risk of a 

major fracture and 0.4% risk of a hip fracture). Finally, three individuals (12.5%, all in 

the risedronate group) were classified as osteopenic based on regional DXA assessment 

and the World Health Organization classification guidelines.(69) 
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Table 3. Baseline characteristics of study sample, overall and by treatment group. 

Variable  Overall 
n=24 

Risedronate 
n=11 

Placebo 
n=13 

Age (years) 55.7±6.7 53.8±7.7 57.3±5.7 
Female, n (%) 20.0 (83.0) 9.0 (81.8) 11.0 (84.6) 
Postmenopausal status, n (%) 15.0 (62.5) 6.0 (54.5) 9.0 (69.2) 
Black, n (%) 5.0 (20.8) 3.0 (27.3) 2.0 (15.4) 
Weight (kg) 122.1±22.6 132.9±25.3 113.0±15.7 
BMI (kg/m2) 44.7±6.3 48.1±7.2 41.9±3.8 
Education, n (%)    
     High school degree or less 4.0 (16.7) 3.0 (27.3) 1.0 (7.7) 
     Some college  12.0 (50.0) 4.0 (36.4) 8.0 (61.5) 
     College+ 8.0 (33.3) 4.0 (36.4) 4.0 (30.8) 
FRAX 10 year probability    
     Major Fracture (%) 6.1±5.9 6.2±7.9 5.9±3.8 
     Hip Fracture (%) 0.4±0.6 0.5±0.9 0.3±0.3 
Clinical Bone Categorization, n (%)    
     Normal  21.0 (87.5) 8.0 (72.7) 13.0 (100.0) 
     Osteopenic 3.0 (12.5) 3 (27.3) 0 (0) 

*Continuous data are presented as mean ± SD. Categorical variables are presented as n 
(%).  
*BMI: body mass index. FRAX: Fracture Risk Assessment Tool 
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Study Feasibility  

 Seventy SG patients were referred to study staff for possible inclusion during the 

study recruitment period (3/5/2018 – 8/31/2019). Of those, 38 were excluded prior to 

phone screening due no further contact being made (n=32), medical concerns (n=2), 

travel concerns (n=3), and weight ineligibility (n=1). After phone screening, eight were 

excluded due to rescheduled SG dates (n=3), medical concerns (n=2), and travel concerns 

(n=3). The remaining 24 (34% yield) were randomized to risedronate (n=11) or placebo 

(n=13). Twenty-one participants completed all required six month follow up 

requirements (retention, n=88%) with all (n=3) loss to follow up occurring in the 

risedronate group (see Figure 8). No participant withdraws were due to intolerance of the 

study drug. 
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Figure 8. WE RISE CONSORT Flow Diagram 
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Complete information on feasibility metrics are presented in Table 4. Among all 

randomized participants, the average number of pills taken was 5.5±1.4. After removing 

participants who withdrew or were lost to follow up, the average number of pills taken 

increased to 5.9±0.4 and 6.0±0.0 in the risedronate and placebo groups, respectively 

(p=0.21). Ninety-two percent of randomized participants took >80% of pills, which 

increased to 100% after excluding those who withdrew. Four AEs (out of 134 contacts; 

3% AE rate) were reported (see Table 5), with two occurring in the risedronate group 

(n=11) and two occurring in the placebo group (n=13; p=0.86): two mild and not related, 

one moderate and possibly related, and one mild and definitely related, with one 

participant presenting with two AEs. Finally, at their six month follow up assessment, 

participants (who completed the study, n=21) reported being highly satisfied (5.0±0.0), 

with no difference between groups. Additionally, participants also reported overall 

satisfaction with the medication frequency, study length, communication with the study 

team, and ease of scheduling.  
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Table 4. Feasibility metrics presented overall and by group. 

 *Continuous data presented as mean ± SD. Categorical variables are presented as n (%).  
*AE: adverse event. Completers: participants who completed dosing sequence 
 

 
Table 5. Adverse events reported within six months of intervention. 

  

 All Risedronate Placebo 
P-value 

Variable N 
Mean ± SD 
or N (%) N 

Mean ± SD 
or N (%) N 

Mean ± SD 
or N (%) 

Retention 24 21 (87.5) 11 8 (72.7) 13 13 (100.0) 0.044 

Adherence        

     Pills Taken (all participants) 24 5.5±1.4 11 5.0±2.0 13 6.0±0.0 0.091 

     Pills Taken (completers) 21 6.0±0.2 8 5.9±0.4 13 6.0±0.0 0.210 

Safety        

     Number of Reported AEs 24 4 (16.7) 11 2 (18.2) 13 2 (15.4) 0.855 

Participant Satisfaction (1-5 
Likert Scale)        

     Overall Satisfaction 21 5.0±0.0 8 5.0±0.0 13 5.0±0.0 1.0 

     Medication Frequency 21 5.0±0.0 8 5.0±0.0 13 5.0±0.0 1.0 

     Study Duration 21 4.9±0.2 8 5.0±0.0 13 4.9±0.3 0.447 

     Study Team Communication 21 5.0±0.0 8 5.0±0.0 13 5.0±0.0 1.0 

     Ease of Scheduling 21 5.0±0.0 8 5.0±0.0 13 5.0±0.0 1.0 

PID Description Point of Occurrence 
(Weeks) Severity Relatedness to 

Intervention 

0020 Headache: blood pressure 
medication was forgotten 11.4 Mild Not Related 

0030 Scalp rash: diagnosed by 
dermatologist as psoriasis 9.0 Mild Not Related 

0030 

Nausea: developed after failing to 
comply with medication protocol 
(i.e. do not lie down for 30 
minutes after taking) 

13.3 Mild Definitely 
Related 

0039 Exacerbation/flare of 
gastroesophageal reflux disease 13.4 Moderate Possibly Related 
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DISCUSSION 

 The main objective of the WE RISE pilot RCT was to evaluate the feasibility of 

using a monthly, oral bisphosphonate to mitigate surgical bone loss in SG patients. 

Feasibility was assessed through (1) recruitment and retention; (2) adherence and safety; 

and (3) participant satisfaction. Overall, we conclude that the use of risedronate in this 

population is feasible based upon (1) overall recruitment and retention rates of 34% and 

88%, respectively; (2) 100% pill count adherence among completers (92% when non-

completers were included) and a 3% AE rate (none severe); and (3) 100% of completers 

reporting overall study satisfaction. 

 To our knowledge, this is the first study designed to utilize bisphosphonate 

therapy as a prophylactic countermeasure to bone loss secondary to bariatric surgery. As 

such, we turn to separate RCT literature enrolling bariatric surgery patients and assessing 

bisphosphonate use among older adults to provide context for our observations. 

Encouragingly, our recruitment yield is consistent with a recently published study aiming 

to enable recruitment success of bariatric surgery patients (at 38-45%); historically, 

recruitment yield is much lower in this population (as low as 9%).(63) Attrition rates in 

studies of bariatric surgery patients are reported to be between three and 63% — 

depending upon the type of surgery and length of follow-up time(70) — thus, our six-

month retention rate of 88% is also encouraging. Medication adherence rates are affected 

by dosing type and frequency, but in general, any long-term medication use only has an 

adherence rate of 50%,(71) and monthly dosing of bisphosphonates fall between 47-53% 

in the six months of treatment.(72) The lower dosing frequency of risedronate (once 

monthly, versus once weekly), along with its efficacy and favorable gastrointestinal 
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profile,(73) specifically guided our selection of this particular bisphosphonate. Finally, our 

safety results also fall in line with typical risedronate AE occurrence in non-surgical 

populations (1-8%(62,74)), with no serious AEs reported in our study. 

  Our study specifically recruited SG (versus other bariatric procedure) patients for 

two key reasons: (1) to minimize potential confounding by including both metabolic and 

restrictive surgical types, and (2) to explicitly study what is now the most common 

bariatric surgery procedure. Most of the literature assessing bone health and bariatric 

surgery is over-represented by Roux-en-Y gastric bypass (RYGB) patients (the 

historically most utilized and well documented bariatric procedure(75,76)). In the past 

decade, however, over a dozen studies have reported on longitudinal changes in BMD 

following SG, with losses of 3-7% in the six to 12 months following surgery noted, 

particularly at the axial skeleton.(30,77) The magnitude of bone loss does appear to be less 

with SG than RYGB; although losses are still considered clinically meaningful.(30,76) Data 

reporting on fracture risk specific to SG are more limited. To date, only three studies 

have reported on SG specific fracture risk.(78–80) In the first two publications(78,79), fracture 

rate/risk was similar between SG and RYGB; however, the most recent publication by 

Paccou et al. suggests the risk of major osteoporotic fracture is only increased with 

RYGB [HR: 1.7 (95% CI: 1.5,20)], and not SG [0.95 (0.8,1.10)].(80) Moreover, authors 

report that SG is actually protective against proximal humerus fractures [0.65 (0.45, 

0.94)].(80) While reassuring, these findings need to be replicated before definitive 

conclusions can be drawn, and reinforce the observation that each surgical procedure 

carries unique fracture risk.  
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This novel study has several strengths worth noting. First, we capitalize on the 

design strengths of the RCT, including protections from known and unknown 

confounders and bias. Second, the diversity within our study sample increases 

generalizability and suggests that we can recruit a diverse sample in a larger trial to 

examine subgroup differences. Third, the choice to utilize risedronate as the active 

intervention was intentional and adherence and safety data are encouraging; however, it 

should be acknowledged that other anti-resorptive medications (i.e., other 

bisphosphonates, denosumab) could be considered. Finally, inclusion of a study specific 

satisfaction questionnaire allowed the WE RISE trial to comment on several aspects of 

feasibility, which will collectively be used to aid in the design of a future trial. Despite 

these strengths, our study is not without its limitations. Most notably is the small sample 

and short duration of follow up. As the primary goal of this study was to gather 

preliminary knowledge and data, results certainly should not be considered definitive and 

were susceptible to imbalances. For example, despite randomization to treatment groups, 

weight/BMI was imbalanced at baseline. Additionally, while the low AE rate and lack of 

serious AEs is encouraging, we were not powered to adequately assess safety and 

certainly, the loss of all (n=3) participants from the risedronate group should be noted.  

To aid in the knowledge gained from this pilot trial, we outline lessons learned 

through recruitment and six month follow ups. This population poses unique challenges 

to both recruitment and retention, our study first experienced this when recruitment 

initially involved cold calling potential participants. This led to a slow influx of initial 

participants; thus, we began in-person recruiting that occurred at the WMC. Far more 

participants were interested in being screened for the study once they were able to speak 
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with us in person. This personal touch continued through the trial with monthly texts and 

phone calls regarding AEs and medication adherence. A personal, professional 

relationship was developed between the participants and me that lead to increased 

retention and satisfaction when participants felt they were more than just a data point and 

truly cared for as an individual. Streamlining the randomization process is necessary for a 

larger trial. This could be done through having prepared prescriptions that a participant is 

randomized to when they are there to pick them up, as opposed to randomizing the 

participant before the visit and then preparing the prescription. If a participant neglected 

to attend the second baseline visit, they would already have been randomized and counted 

in the final data collection. Using the QCT scanner the public used added additional 

challenges. Considering the level of radiation and cost of the scans, there was only one 

chance to get a correct scan. Unfortunately, not all scans of each participant were usable 

due to protocol deviations by the QCT technicians, several visits were delayed (causes 

ranged from other patients taking precedent over research participants to scanner 

maintenance) adding to the patient burden that was experienced during research visits. 

Remuneration involved asking participants to fill out W-9 forms and sending them a 

check that took several weeks to reach them, this created many frustrations for 

participants who expected to be paid at the study visits. These valuable lessons learned 

will help to refine a larger study in this field. 

 In sum, we conclude that results from this pilot trial suggest that the use of once 

monthly, oral risedronate for six months in a SG patient population for the prophylactic 

management of surgical weight loss associated bone loss appears feasible. Forthcoming 

data from this study will yield information on initial treatment effect estimates between 
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risedronate and placebo on changes in DXA/QCT derived bone metrics and biomarkers 

of bone turnover, as well as intervention legacy effects over a 12 month period. As 

bariatric surgery — and SG in particular — is increasingly utilized to treat severe obesity 

and improve cardiometabolic outcomes, more data reporting on skeletal outcomes are 

needed. In particular, trials designed to optimize adherence to and treatment effects of 

pharmacologic strategies, along with those identifying other countermeasure therapies 

(including lifestyle-based approaches(81–83)), are needed to guide practitioners on how to 

best manage the skeletal consequences of bariatric surgery. 
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APPENDIX A 
  

 
 
 
 

Dosing Instructions for Risedronate (Oral) OR PLACEBO Capsule 
  
 
Risedronate (By mouth) 
Risedronate (ris-e-DROE-nate) 
 
Treats or prevents osteoporosis. Also treats Paget disease of the bone. 
Brand Name(s): Actonel, Atelvia, Risedronate Sodium 
There may be other brand names for this medicine. 
 
When This Medicine Should Not Be Used: 
This medicine is not right for everyone. Do not use it if you had an allergic reaction to 
risedronate, or if you have esophagus problems or trouble swallowing. Do not use it if you cannot 
stand or sit upright for at least 30 minutes after you take the medicine. 
 
How to Use This Medicine: 
• Use plain water to take your medicine. The medicine may not work as well if you use 

other liquids. 
• Regular-release:  

o Take this medicine in the morning on an empty stomach. Follow the directions 
exactly to lower the risk of esophagus problems. 

o If you take this medicine once each month, take it on the same date each month. 
Choose a day that will be easy to remember. 

o Sit or stand while you take this medicine. Do not lie down for at least 30 minutes 
after you take the medicine, and do not lie down until after you have eaten. 

o Swallow the capsule whole with 6 to 8 ounces of water. Do not chew or suck on the 
capsule. 

o Wait at least 30 minutes after you take this medicine before you eat or drink or take 
any other medicine. This will help your body absorb the medicine. 

• This medicine should come with a Medication Guide. Ask your pharmacist for a copy if 
you do not have one.  

• Missed dose:  
o Regular-release:  

• Once a month dose:  
 If the next dose is more than 7 days away, take a dose the next morning 

after you remember. Return to your regular schedule the following 
month. Do not take more than 1 capsule within 7 days. 

 If the next dose is 1 to 7 days away, skip the missed dose and take your 
next dose on the scheduled day. Do not take more than 1 capsule within 
7 days. 

• 2 days-in-a-row each month dose:  
 If the next doses are more than 7 days away and you missed both 

capsules, take a dose the next morning after you remember. Take the 
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second dose the following morning. If you missed only one capsule, take 
it the next morning after you remember. Return to your regular schedule 
the following month. Do not take more than 2 capsules within 7 days. 

 If the next doses are 1 to 7 days away, skip the missed doses and take 
your next doses on the scheduled days. Do not take more than 2 capsules 
within 7 days. 

• Store the medicine in a closed container at room temperature, away from heat, moisture, 
and direct light.  

 
 
Drugs and Foods to Avoid: 
Ask your doctor or pharmacist before using any other medicine, including over-the-
counter medicines, vitamins, and herbal products. 
• Some medicines can affect how risedronate works. Tell your doctor if you are using any of 

the following: 
o Cancer medicines 
o NSAID pain or arthritis medicine (including aspirin, celecoxib, diclofenac, ibuprofen, 

naproxen) 
o Steroids (including dexamethasone, hydrocortisone, methylprednisolone, 

prednisolone, prednisone) 
• Take risedronate at least 30 minutes before you take any other oral medicine, including 

aluminum, magnesium, iron, or calcium supplements, or antacids. 
 
Warnings While Using This Medicine: 
• Tell your doctor if you are pregnant or breastfeeding, or if you have kidney disease, 

anemia, blood clotting problems, heartburn, ulcers or other stomach or bowel problems, or 
a history of cancer. Tell your doctor if you have dental problems or if you wear dentures. 
Also tell your doctor if you smoke or drink alcohol. 

• This medicine may cause the following problems: 
o Damage to your esophagus 
o Low calcium levels in the blood 
o Increased risk for a thigh bone fracture 

• Tell any doctor or dentist who treats you that you are using this medicine. This medicine 
could cause jaw problems, especially if you have a tooth pulled or have other dental work. 

• This medicine may interact with the dye used for bone scans. 
• Your doctor will check your progress and the effects of this medicine at regular visits. Keep 

all appointments.  
• Keep all medicine out of the reach of children. Never share your medicine with anyone.  

 
Possible Side Effects While Using This Medicine: 
Call your doctor right away if you notice any of these side effects: 
• Allergic reaction: Itching or hives, swelling in your face or hands, swelling or tingling in 

your mouth or throat, chest tightness, trouble breathing 
• Blistering, peeling, red skin rash 
• Chest pain, new or worsening heartburn, or a burning feeling in your throat 
• Muscle spasms or twitching, tingling or numbness in your fingers, toes, or around your 

mouth 
• Pain or difficulty when swallowing 
• Pain, swelling, numbness, or a heavy feeling in your mouth or jaw, loose teeth, or other 

tooth problems 
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• Severe bone, joint, or muscle pain 
• Unusual pain in your thigh, groin, or hip 

 
If you notice these less serious side effects, talk with your doctor: 
• Mild bone pain 
• Mild stomach pain or upset 

 
If you notice other side effects that you think are caused by this medicine, tell your 
doctor. 
Call your doctor for medical advice about side effects. You may report side effects 
to FDA at 1-800-FDA-1088 
© Copyright IBM Corporation 2018 Generated on Monday, April 9, 2018 2:55:33 PM Monday, April 9, 2018 
6:55:33 PM GMT  
  
 
Inserted from: 
https://www.micromedexsolutions.com/carenotes/librarian/ssl/true/CS/7D886C/ND_P/Main/DUPLICATIONSHIELDSYNC/A25930/
ND_PG/CNotesInfoHelpAndPrintReady/ND_B/CNotes/ND_T/CNotes/PFDefaultActionId/pf.ImageShowPage> 

  

https://www.micromedexsolutions.com/carenotes/librarian/ssl/true/CS/7D886C/ND_P/Main/DUPLICATIONSHIELDSYNC/A25930/ND_PG/CNotesInfoHelpAndPrintReady/ND_B/CNotes/ND_T/CNotes/PFDefaultActionId/pf.ImageShowPage
https://www.micromedexsolutions.com/carenotes/librarian/ssl/true/CS/7D886C/ND_P/Main/DUPLICATIONSHIELDSYNC/A25930/ND_PG/CNotesInfoHelpAndPrintReady/ND_B/CNotes/ND_T/CNotes/PFDefaultActionId/pf.ImageShowPage
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2381 19 Mile Rd 

Tekonsha, Michigan, 49092 
517-227-4568 

ashlynswafford@gmail.com 
Education  
Wake Forest University, Winston-Salem, NC May 2020 
Department of Health and Exercise Science 
M.S. Health and Exercise Science 
Advisor: Kristen M. Beavers, Ph.D. 
Thesis Title: Bisphosphonates as a novel therapeutic to preserve bone density during 
surgical weight loss: a pilot trial 
  
Saginaw Valley State University, University Center, MI December 2017 
Department of Kinesiology 
B.S. Exercise Science 
 
Teaching Experience   
 
Instructed the following course: 
 
Health and Exercise Science 101: Exercise for Health August 2018 – Present 
• Teach 3 sections per term (approximately 96 students) 
• Facilitate an open, caring, safe classroom and online learning environment 
• Convey information regarding components of fitness, injury prevention, and other 

health-related topics 
• Host one-on-one and group review sessions for exams to encourage all types of 

learners 
 

Acted as the Teaching Assistant for the following courses: Fall 2017 
 
Kinesiology 270 – Activity and Fitness Assessment 
• Created course packet including normative data, procedures, definitions, etc. for 

twenty fitness assessments.  
• Aided in student group preparation for “teaching days” 
• Provided constructive feedback on group discussions  
• Assisted in setting up movement analysis laboratory each day 

  
Kinesiology 376 – Exercise Physiology  
• Conducted group and one-on-one student review sessions 
• Created topic reviews for before and after each class 
• Answered questions about in class assignments 

 
Kinesiology 454 – ECG Interpretation 
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• Created assignment packet including stress testing patients, case studies, 12-lead 
ECG practice, simulations, etc. 

• Led laboratory stress testing experiences 
• Proctored missed laboratory time and make up exams 
• Assisted in review days 
• Answered questions about in class assignments 

 
Kinesiology 456 – Advanced Exercise Physiology 
• Created a group problem about pollution and heat  
• Worked with students in a problem-based learning environment 
• Supervised student discussion and aided when needed 
• Explained the “problem” of each topic 
• Administered quizzes and surveys  
• Observed how to cultivate creativity in the classroom 

Research Experience 
Study Coordinator October 2018 – Present 
WE RISE: WEight Loss with RISEdronate for Bone Health: NCT03411902   
Wake Forest University, Winston-Salem, NC 
Project Description: A pilot trial determining the feasibility of recruiting, enrolling, 
treating, and following 24 older sleeve gastrectomy patients into a randomized controlled 
trial (RCT) examining the efficacy of bisphosphonate use versus placebo in the 
prevention of surgical weight loss associated loss of bone mass and quality. 
Responsibilities: 
• Manage all participant communication with study team including pharmacists, co-

PIs, scan directors, and financial departments 
• Schedule and oversee baseline and follow up visits including DXA and QCT scans 

and blood draws 
• Build and maintain professional, caring relationships to ensure high retention 
• Triage any complications, confusions, or alterations among participants, study 

protocol, and IRB amendments ensuring quality and validity of research protocol 

Student Research Assistant  October 2016 – December 2017 
Project Title: SELF: Supporting hEaLthy Futures 
Saginaw Valley State University, University Center, MI 
Project Description: A physical activity and dietary behavioral intervention that 
promoted healthy lifestyle choices during and after pregnancy. Funded by the Allen 
Foundation, Ted and Ruth Braun Fellowship program, and SVSU internal faculty grants. 
Responsibilities: 
• Serve as a Healthy Lifestyle Coach for 20 participants 
• Attend project meetings and related seminars 
• Develop weekly online healthy and physical activity tips 
• Oversee collection of survey data 
• Evaluate and interpret data 

 
Presentations 
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Abstract:  
Swafford A., Schlaff R.A., Deere S. J., Baruth M. (2017). Examining Relationships 
Between Pregnancy Symptoms and Gestational Weight Gain. Abstract for 2017 National 
ACSM Conference – Minneapolis, MN 

Swafford A., Jamy D. Ard, Peri C. Gearren, Adolfo Z. Fernandez, Sherri A. Ford, 
Beverly A. Nesbit, Kylie K. Reed, and Kristen M. Beavers. (2020). Feasibility of Using a 
Bisphosphonate in Sleeve Gastrectomy Patients for Bone Loss Prevention. Abstract for 
National ACSM Conference – San Francisco, CA 
 
Peer Reviewed Presentation: 
Swafford A., Schlaff R.A., Deere S. J., Baruth M. (2017). Examining Relationships 
Between Pregnancy Symptoms and Gestational Weight Gain. Presented at 2017 Midwest 
ACSM Conference – Grand Rapids, MI 
 
Peer Reviewed Presentation: 
Swafford A., Wagner S., Deere S. J., Baruth M. (2017). Associations Among Pre-
Pregnancy BMI, Weight Gain, and Body Dissatisfaction in Pregnant Women. Presented 
at SVSU UGRP Student Showcase – University Center, MI 
 
Peer Reviewed Poster Presentation: 
Swafford A., Schlaff R.A., Deere S. J., Baruth M. (2017). Examining Relationships 
Between Pregnancy Symptoms and Gestational Weight Gain. Presented at 2017 National 
ACSM Conference – Minneapolis, MN 
 
Peer Reviewed Poster Presentation: 
Swafford A., Jamy D. Ard, Peri C. Gearren, Adolfo Z. Fernandez, Sherri A. Ford, 
Beverly A. Nesbit, Kylie K. Reed, and Kristen M. Beavers. (2020). Feasibility of Using a 
Bisphosphonate in Sleeve Gastrectomy Patients for Bone Loss Prevention. Presented at 
2020 Southeast ACSM Conference – Jacksonville, FL 
 
Anticipated Peer Reviewed Poster Presentation: 
Swafford A., Jamy D. Ard, Peri C. Gearren, Adolfo Z. Fernandez, Sherri A. Ford, 
Beverly A. Nesbit, Kylie K. Reed, and Kristen M. Beavers. (2020). Feasibility of Using a 
Bisphosphonate in Sleeve Gastrectomy Patients for Bone Loss Prevention. Accepted for 
National ACSM Conference – San Francisco, CA 

Publications (*Submitted for publication; **Thesis) 
*Swafford A. A., Ard, J.D., Beavers D.P., Gearren P.C., Fernandez A. Z., Ford S.A., 
Greene K. A., Kammire D. E., Nesbit B.A., Reed K. K., Weaver A. A., Beavers K. M. 
(2020). Feasibility of Risedronate to Prevent Bone Loss after Sleeve Gastrectomy: A 
Randomized Controlled Pilot Trial – Seeking publication through Journal of Bone 
Mineral Research (JBMR) 
 
**Swafford A. A., Ard, J.D., Beavers D.P., Gearren P.C., Fernandez A. Z., Ford S.A., 
Greene K. A., Kammire D. E., Nesbit B.A., Reed K. K., Weaver A. A., Beavers K. M. 
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(2020). Bisphosphonates as a Novel Therapeutic to Preserve Bone Density after Surgical 
Weight Loss Surgery: A Pilot Trial 

Conferences/Memberships/Certifications 
Attendee, Southeast ACSM Conference, Jacksonville, FL February 2020 
Attendee, Southeast ACSM Conference, Greenville, SC February 2019 
Attendee, National ACSM Conference, Minneapolis, MN May 2018 
Attendee, Midwest ACSM Conference, Grand Rapids, MI November 2017 
Member, National American College of Sports Medicine September 2017 
Member, American College of Sports Medicine September 2017-Present 
Member, Foundation Scholars Program August 2013-December 2017 
Certified, BLS November 2018 
Certified, Registered BodPod User October 2017 
 
Honors and Awards  
Magna Cum Laude May 2020 
Teaching Assistantship – Wake Forest University August 2018 – May 2020 
Summa Cum Laude December 2017 
President’s list (4.0 GPA) 2013-2015, 2017 
Dean's list (3.4+ GPA) 2016 
President's Scholarship  August 2013-2017 
 
 
Work Experience 
 
Floor Staff: Healthy Exercise and Lifestyle Programs           August 2018 – Present 
• Monitor participants (aged 23 – 101) blood pressure and EKG during exercise 

sessions 
• Design and lead Silver Sneakers classes and muscular fitness and flexibility 

exercise sessions 
• Encourage trust between participants and staff through close personal 

relationships 
• Create and update charts with all participant health changes 

 

Lab Staff: Health Exercise and Lifestyle Programs August 2018 – Present  
• Utilize knowledge of medical terminology, medication usage, and EKG 

readings to conduct and oversee approximately 200 stress tests 
• Create exercise prescriptions for 200 tested individuals through analysis of 

obtained participant body composition, respiratory, lipid, and fasting glucose 
measurements 

• Effectively communicate with physicians, interns, participants, and fellow staff 
to maintain strong working relationships and a safe environment 

 
Meijer – Level III Pharmacy Technician August 2015-June 2018 
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• Highly skilled in insurance billing and in-depth knowledge of pharmacy protocol, 
medication usage and language, and pharmacy laws 

• Provided high level and efficient customer service by overseeing the filling process 
and pick up of 300-1000 prescriptions each day 

• Exceled in a team-based work environment through effective communication with 
doctors, patients, nurses, and other pharmacists 

Study Abroad           
London, UK  May 2015 
• Gain knowledge on European cultures and daily life 
• Visit museums and historical sites to learn historical significance  
• Learn how to navigate the city via the tube, taxis, planes, and trains 
• Explore Edinburgh, Scotland and Paris, France and compare experiences to London 

culture 
 

Volunteer and Leadership Roles 
Health and Exercise Science 101 Teaching Coordinator April 2019 – Present 
Wake Forest University, Winston-Salem, NC 
• Assist supervising instructors in the training of incoming graduate teaching 

assistants by presenting a weekly demonstration lecture for all teaching assistants 
• Serve as a contact point between supervisors, graduate students, and other campus 

departments that always representing the vision and mission of the Health and 
Exercise Science program   

• Answer questions that arise from the teaching assistants about student relations, 
grading scales, and lecture styles 

• Host make-up labs and exams for all 17 sections of HES 101 each term, 
connecting with over 640 students per semester 
 

Study Coordinator: WE RISE Trial October 2018 – Present 
Saginaw Valley State University, University Center, MI 
• Facilitate communication between pharmacists, research staff, primary 

investigators, and financial departments serving as the primary point of contact 
for all participants and research staff 

• Coordinate response to COVID-19 by maintaining line of communication 
between staff and participants  

• Accommodate schedules among participants and three separate health 
departments to orchestrate each follow up testing item (DXA and QCT scans and 
a fasting blood draw) 

 
Student Cholesterol Testing  November 2017 
Saginaw Valley State University, University Center, MI 
• Organized supplies for testing 
• Read results of test 
• Oversaw student appointment times 
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Student ECG Practice  November 2017 
Saginaw Valley State University, University Center, MI 
• Assisted students in Clinical Exercise prescription with electrode placement 
• Explained Bruce protocol and how to use the computer 

 
SVSU Faculty Personal Training Fall 2016 
Saginaw Valley State University, University Center, MI 
• Met with faculty member twice weekly for 2.5 months for personal training 
• Provided instruction on how to use gym equipment and how to adapt workouts for 

at home use 
• Set and helped to achieve goals for physical activity for the client to take moving 

forward 
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