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KEY POINTS

¢ Vitamin D deficiency is common before and after bariatric surgery, and is more severe af-

ter roux-en-Y gastric bypass than after sleeve gastrectomy, because of decreased vitamin

D absorption.

The increase in serum 25-hydroxyvitamin D [25(0OH)D] level (ng/100 IU) after vitamin D

seems dose dependent and decreases at high doses.

Based on limited evidence, vitamin D replacement doses of 3000 |U/d to 50,000 IU 1 to 3

times per week are recommended by various organizations.

e Dose-ranging randomized trials according to the type of surgery will help define the rec-
ommended daily allowance for vitamin D to achieve a serum 25(0OH)D level greater than
20 ng/mL.

e The desirable 25(0OH)D level to optimize musculoskeletal health in the bariatric population
is unknown.

BACKGROUND

Obesity, defined as a body mass index (BMI) greater than or equal to 30 kg/m?, is a
major risk factor for cancer and noncommunicable diseases, and is associated with
a 50% to 100% increase risk of premature death. The World Health Organization
(WHO) projected that, by 2015, around 2.3 billion adults will be overweight
(BMI >25 kg/m?) and more than 700 million will be obese." The US Centers for Disease
Control and Prevention (CDC) estimates that 78 million Americans are obese,” and 24
million are severely or morbidly obese.® The prevalence of obesity in the United States
tripled between 1960 and 2010,* and is still steadily increasing. The National Health
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and Nutrition Examination Survey (NHANES) study revealed that one-third of Ameri-
cans adults were obese, 35.7% in 2009 to 2010, and 36.5% in 2011 to 2014.%° This
epidemic has not spared the youth. One-third of children and adolescents aged 6 to
19 years are considered overweight or obese, and more than 1 in 6 are obese.”

Hypovitaminosis D is prevalent worldwide, and across all age groups.®~'2 Skin is the
major source of vitamin D and its synthesis requires ultraviolet B (UVB) rays, but small
amounts (100-200 IU) are obtained from the diet.’® Serum 25-hydroxyvitamin D
[25(0OH)D] concentration is the preferred indicator of vitamin D nutritional status,
because of its fat solubility and long half-life. Obesity is a major risk factor for low
25(0H)D levels.">'7 This association was also established in a meta-analysis of 23
studies, in adults/elderly as well as children and adolescents, and was independent
of latitude, vitamin D cutoffs used, and human development index of the study loca-
tion.’® The cause for this association is not clear, but may in part be explained by
decreased outdoor activities and poor dietary habits.””~'°® Other possibilities include
decreased skin synthesis in response to a given UVB dose, decreased ability of the
skin to release vitamin D into the circulation, alterations in the synthetic pathway in
the liver from nonalcoholic fatty liver disease (NAFLD), enhanced degradation of
25(OH)D caused by increased cytochrome P (CYP) 24A1 activity, decreased synthesis
of 1,25-dihydroxyvitamin D [1,25(0OH), D] caused by altered 1-alpha hydroxylase ac-
tivity and negative feedback caused by increased parathyroid hormone (PTH) and cal-
citriol levels.'”?° In addition, dilution caused by large body size, and decreased
bioavailability and/or sequestration of 25(0OH)D in fat, both visceral and subcutaneous,
have been proposed.'#16:17.21.22 Thjs possibility was further examined in a study that
directly measured vitamin D content in various adipose tissue compartments in 27
obese and 26 control subjects. Vitamin D total body stores were higher in the obese
group, and serum 25(0OH)D level was directly related to adipose tissue in both study
groups.'® However, the 2 groups did not differ in visceral or subcutaneous vitamin
D stores, and the comparable mean serum 25(OH)D levels at entry were a major study
limitation.™®

Diet therapy and medical management have limited success in the treatment of
morbid obesity, and bariatric surgery, therefore, prevails as the only effective long-
term treatment option for weight reduction.? It results in substantial improvements
or complete remission of associated comorbidities and reduced mortality.>*2¢ A
meta-analysis that included 22,904 patients showed that bariatric surgery resulted
in a mean weight loss of 61%, with substantial improvement in diabetes, hyperlipid-
emia, hypertension, and obstructive sleep apnea,?” and a reduction in the risk of pre-
mature death by 30% to 40%.2%2° The Swedish Obese Subjects trial showed
prevention of incident diabetes and cardiovascular events, and reduced mortality,
on long-term follow-up.28-°

The estimated number of bariatric surgery procedures in the United States has
increased from 158,000 in 2011 to 196,000 in 2015.%" Although roux-en-Y gastric
bypass (RYGB) was the commonest procedure worldwide,*? it is fast being replaced
by sleeve gastrectomy (SG) because of a good efficacy and a lower complication rate.
Gastric banding (GB) is the least effective, with inferior efficacy that further decreases
on long-term follow-up. To-date, these procedures are almost exclusively performed
through a laparoscopic approach, and the most recent estimates from the American
Society of Metabolic and Bariatric Surgery (ASMBS) reveal that 54% of these proced-
ures are laparoscopic SG, 23% are laparoscopic RYGB, 14% are revisions, and 6.7%
are laparoscopic GB.*® Although GB (Fig. 1C) is a purely restrictive procedure that re-
duces the amount of food (thus energy consumed), SG (see Fig. 1A) and RYGB (see
Fig. 1B) have additional components incurred from alterations in the secretion of gut
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Fig. 1. Anatomy of the stomach and bowel loops with 3 common bariatric procedures. For
additional details regarding the procedures please see the Web site of the American Society
of Metabolic and Bariatric Surgery page https://asmbs.org/patients/bariatric-surgery-
procedures. Reprinted with permission, Cleveland Clinic Center for Medical Art & Photog-
raphy © 2006 to 2017 All rights reserved. (A) SG: more than three-quarters of the stomach
are removed, and the remaining tubular pouch holds a considerably smaller volume, and
thus less food and fewer calories are consumed, compared with the normal stomach. The
greater impact on weight loss seems to be the effect this surgery has on gut hormones
that affect hunger, satiety, and glycemic control. (B) RYGB: a small stomach pouch, approx-
imately 30 mL (1 fluid ounce), is created by dividing the top of the stomach from the rest of
the stomach, the bottom end of the divided small intestine is brought up and connected to
this pouch, and its top portion is connected further down the intestine, to allow the by-
passed stomach acids and digestive enzymes to eventually mix with the food. The mecha-
nism of action for weight loss is similar to SG and in addition results from a
malabsorptive element resulting from the bypassed small intestine (75-150 cm). (C) GB:
an inflatable band is placed around the upper portion of the stomach, creating a small
stomach pouch above the band, and the rest of the stomach below the band. The feeling
of fullness depends on the size of the opening between the pouch and the remainder of
the stomach. The size of the opening is adjustable by filling the band with sterile saline, in-
jected through a port placed under the skin.
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and satiety hormones. RYGB also bypasses large portions (75-150 cm) of the small
intestine, causing delays and reduction in the timing allowed for the mixing of food
with gastric and pancreatic juices, and thus further reductions in energy absorption.
This anatomic change is also seen in SG with duodenal switch and biliopancreatic
diversion, procedures that cause the most malabsorption.32:34-36

Despite its substantial advantages, bariatric surgery is accompanied by several
complications, such as leaks (0.5%), bleeds (1%), pulmonary embolism (0.5%), stric-
tures (3%—4%),°” and deficiencies in various macronutrients and micronutrients,
including water-soluble nutrients and the fat-soluble vitamins A and D, iron, vitamin
B+, and folate in 20% to 50% of patients.®5-3¢-41 Vitamin D plays a key role in mineral
and musculoskeletal metabolism across the lifecycle.’>*?7*° In obese patients
undergoing bariatric surgery, vitamin D is also implicated in bone and mineral
metabolism,32:35.46.47

This article reviews studies describing vitamin D nutritional status before and after
surgery, vitamin D replacement (including observational studies and randomized tri-
als), and vitamin D guidelines issued by several organizations, in adult patients under-
going bariatric surgery. Studies that investigate the impact of vitamin D on skeletal and
nonskeletal outcomes in patients undergoing bariatric surgery are beyond the scope
of this article, and therefore are only briefly discussed.

SEARCH METHODOLOGY
Vitamin D Randomized Controlled Trials in Bariatric Surgery

The authors conducted a literature search for an ongoing systematic review of ran-
domized controlled trials (RCTs) on the topic for the Cochrane Library in 5 databases
(Medline, Cochrane, PubMed, Embase, LILACS), updated in March 2017, through
automatic Ovid alerts. The search strategy was designed as described previously.*®
The authors used MeSH (Medical Subject Headings) terms and keywords relevant
to vitamin D, bariatric surgery, and RCTs, with different combinations, to ensure a
comprehensive search methodology.

Vitamin D Replacement Guidelines in Bariatric Surgery

The authors conducted a systematic literature search to identify guidelines on vitamin
D replacement following bariatric surgery in Medline, PubMed, Embase, and the
National Guideline Clearinghouse, updated in March 2017, through automatic Ovid
alerts. MeSH terms and keywords relevant to vitamin D, bariatric surgery, and guide-
lines were used. Details of the original search methodology are published elsewhere.*°

We also conducted a PubMed search using MeSH terms and keywords relevant to
vitamin D and bariatric surgery from 2015 to March 2017, and screened the reference
list of the relevant retrieved articles and of articles available in the authors’ library. For
the identification of ongoing prospective studies and randomized trials, we searched
the ClinicalTrials.gov (https://clinicaltrials.gov/) and the WHO International Clinical Tri-
als Registry Platform (ICTRP) (http://www.who.int/ictrp/en/), in March 2017, using
MeSH terms and keywords relevant to vitamin D and bariatric surgery.

HYPOVITAMINOSIS D IN BARIATRIC SURGERY AND ASSOCIATIONS WITH OUTCOMES

The cause of vitamin D deficiency after bariatric surgery is multifactorial. In addition to
altered vitamin D metabolism preoperatively and low sun exposure, there is poor
adherence to dietary and supplement recommendations. Bypass of the duodenum
and proximal ileum, which are sites of vitamin D absorption, further reduce the dietary
vitamin D intake from diet.
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Generalized absorption problems occur from vomiting, the reduced time available
for food digestion, and bacterial overgrowth.36:38:40.41.50 The RYGB procedure cir-
cumvents the duodenum and proximal jejunum, thus bypassing the transport path-
ways for iron, calcium, and the fat-soluble vitamins A and D.'® The reported
prevalence of low vitamin D levels depends on factors discussed earlier, the defini-
tion of vitamin D deficiency, and the type of surgery performed. It is most extensively
reported and characterized in RYGB, the commonest procedure until recently, and
one that incurs significant malabsorption. Both osteomalacia and osteitis fibrosa
cystica have been described in patients post-RYGB.? Concomitant vitamin D defi-
ciency and increased PTH levels are associated with increased bone remodeling
and bone loss. These abnormalities in calciotropic hormones persist or could even
be exacerbated by the malabsorptive state and nutritional deficiencies that often
ensue from bariatric surgery. In addition, although high BMI has long been consid-
ered a protective factor against osteoporosis, concerns regarding an increased
risk, incurred from the inflammatory state and increased marrow adiposity commonly
seen in obesity, have emerged.5'52

Mineral and Skeletal Metabolism

A recent systematic review of 14 observational studies reported on findings from 2688
patients following RYGB, all followed for 24 months and half of whom received
calcium and/or vitamin D, at doses of up to 1100 1U/d.>® Hypovitaminosis D and sec-
ondary hyperparathyroidism were common up to 5 years after bypass. The weighted
mean serum 25(0OH)D level initially increased from 18.3 (3.6) ng/mL to 24.7 (2.3) ng/mL
at 2 years, then decreased to 20.5 (4.4) ng/mL and 20.8 (3.8) ng/mL at 2 to 5 years and
5 years postoperatively.>® The adjusted mean PTH level increased progressively from
58.7 (11.3) pg/mL preoperatively to 60.3 (7.5) pg/mL at 2 years, 71.7 (6.6) pg/mL at 2 to
5 years, and 78.3 (13.2) pg/mL at more than 5 years.*® Two studies have compared
vitamin D status and hyperparathyroidism rate before and after laparoscopic SG
and laparoscopic RYGB, using the same supplementation regimen in both
groups.>+°° The first did not present baseline mineral parameters but showed a signif-
icantly higher prevalence of hypovitaminosis D and secondary hyperparathyroidism at
3 to 36 months postoperatively in the laparoscopic RYGB group, compared with the
laparoscopic SG group.®* The other study reported comparable 25(OH)D and PTH
levels in laparoscopic RYGB and laparoscopic SG groups, before and 1 and 2 years
postoperatively.>®

Hypovitaminosis D was inversely correlated with PTH levels postoperatively both
in prospective and retrospective studies, and was associated with osteopo-
rosis.®6-°® Serum 25(0OH)D level was one of the significant predictors of bone den-
sity following weight loss surgery.*”-59-¢1 However, a causative effect of vitamin D
on bone loss has been put into question in light of studies performed in patients
post-RYGB who showed an increase in bone remodeling®® and a decrease in
dual-energy x-ray absorptiometry (DXA) bone mineral density (BMD) at multiple
skeletal sites, not related to changes in serum 25(0OH)D and PTH levels.5%:%3
Increased bone remodeling may be related to the concomitant calcium malabsorp-
tion, rather than to vitamin D.2° DXA-derived bone density measurements are
limited by logistic and technical considerations. These considerations include arti-
facts from overlying soft tissue for axial sites (spine and hip), in addition to accuracy
errors caused by changes in body composition, secondary to drastic weight loss
following bypass procedures, panniculus fat pad overlying the hip region, and so
forth.®2:35 However, post-bariatric surgery true bone loss has been validated by
concomitant volumetric bone density assessment using quantitative computed
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tomography at the lumbar spine,®* and ultrasonography measurements of the pe-
ripheral skeleton.®?

In addition to secondary hyperparathyroidism after RYGB surgery, other mecha-
nisms contribute to alterations in bone metabolism.>?:254¢ These mechanisms include
decreased mechanical loading, an increase in adiponectin level, a decrease in leptin
level, and changes in the levels of gut-derived hormones, all of which favor bone
loss, with the exception of serotonin and glucagonlike peptide-1.4¢ In addition, there
is a decrease in gonadal steroid levels.*®

Fracture risk following bariatric surgery is a matter of debate. Results were inconsis-
tent between several observational studies, secondary to the heterogeneity in study
design; data collection methods; and, importantly, type of surgical procedure.®5-°
However, there may be a more consistent increase in fracture risk following malabsorp-
tive procedures, such as RYGB and the less commonly used biliopancreatic diversion
(BPD).5”:7%71 |n the last 3 studies, fracture risk increased by 40% to 200%, depending
on the fracture site, the surgical procedure, and the comparator group (community
population, obese control patients, or obese patients undergoing a restrictive proced-
ure).5”7%71 In the most recent study, by Yu and colleagues,’® analysis of claims from a
US health care plan, with 12,482 RYGB and 8922 GB patients, there was a significant
increase in fracture risk of hip (relative risk [RR] = 1.54) and radius (RR = 1.45) in pa-
tients post-RYGB compared with GB, that occurred 2.3 (1.9) years postoperatively
(propensity matched analyses). None of the studies provided 25(0OH)D levels and there-
fore the contribution of vitamin D to fracture risk is unclear. However, reported vitamin
D deficiency in one retrospective study was identified as a significant risk factor, and it
was associated with a doubled risk of fracture, after adjustment for age and type of
surgery.®”

For detailed reviews on bone disease following bariatric surgery, please refer to
dedicated reviews and systematic reviews on the topic.%2:3%47.72.73

Nonskeletal Outcomes

A serum 25(OH)D level less than 30 ng/mL was linked to a 3-fold increase in the risk
of infections, after controlling for several covariates, demographics, and comorbid-
ities, in a study of 770 obese patients (70% female), with a mean baseline BMI
of 46 to 48 kg/m? undergoing RYGB.” In a retrospective study from France that
enrolled 258 obese patients, 87% female, with a mean baseline BMI of
40.90 kg/m?, there was no association between vitamin D deficiency and complica-
tion rate post-RYGB.”® In unadjusted analyses from the same study, subjects who
were vitamin D replete at baseline (serum 25(0OH)D level >30 ng/mL) had a 10%
higher excess weight loss at 2 years postsurgery, compared with those with vitamin
D insufficiency or deficiency.”® However, RCTs have not shown an effect of vitamin D
on weight loss post-bariatric surgery (discussed later). Serum 25(0OH)D level was also
associated with resolution of hypertension 1 year post-RYGB in 196 obese patients,
with a baseline BMI of 32 to 33 kg/m?. In an unadjusted analysis, hypertension res-
olution rate was significantly lower in patients with serum 25(0OH)D less than or equal
to 20 ng/mL (42%) compared with patients with serum 25(0OH)D level greater than
20 ng/mL (61%).”® The association between vitamin D and cardiovascular morbidity
and mortality, and all-cause mortality, post-bariatric surgery, has not been
evaluated.

Findings from these observational studies remain limited by the retrospective study
design, the small sample size, and confounders that were only adjusted for in 1
study.”
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VITAMIN D STATUS AND REPLACEMENT IN PATIENTS UNDERGOING BARIATRIC
SURGERY

Avitamin D intake that is body weight specific may be needed to achieve target 25(0OH)
D levels in obese individuals. A systematic review of 144 cohorts reported in 94 inde-
pendent studies that included 11,566 subjects who received 200 to 10,000 1U/d of
vitamin D, and 9766 controls, reported that baseline BMI is a strong predictor of
response to vitamin D supplementation in obese individuals.”” Other predictors
included age, calcium intake from diet or supplements, baseline 25(0OH)D level,””
and possibly polymorphisms in the vitamin D receptor, vitamin D binding protein,
and CYP enzymes.'” Weight loss is accompanied by increments in serum 25(0H)D
levels caused by mobilization of vitamin D from fat stores,”®%° and patients who
lose more weight experience a greater increase in serum 25(0H)D level.®’

Special considerations when interpreting serum 25(0OH)D levels in patients after
bypass gastric surgery include the type of surgery incurred and the regimen pre-
scribed, whether a loading dose for a certain period preoperatively or postopera-
tively was administered, and patient adherence. A 25% decrease in the
absorption of cholecalciferol was shown in 14 morbidly obese premenopausal
women 4 weeks after RYGB.®? All of these covariates explain the wide variability
in 25(0OH)D levels achieved, at varying time points, in response to varying vitamin
D regimens post-gastric bypass.

Observational Studies

Before bariatric surgery

The prevalence of hypovitaminosis D in obese patients undergoing bariatric surgery
was reported to vary widely between studies conducted in Western populations,
ranging from 13% to 92%.%° Similarly, a single-center study from the Middle East
(N = 257) showed that 91% of the obese patients presenting for bariatric surgery
had a 25(0CH)D level less than 30 ng/mL, and 69% were vitamin D deficient [25(0H)
D level <20 ng/mL].8* In a recent systematic review of observational studies, the au-
thors identified 51 studies, each with at least 50 participants, describing vitamin D sta-
tus before and/or after bariatric surgery.®® All studies were conducted in Western
populations, 7 studies were cross-sectional and 44 longitudinal, with retrospective
or prospective designs. Thirty-eight studies were conducted in patients undergoing
malabsorptive/combination procedures, 5 studies were conducted in laparoscopic
SG patients, and 8 studies included both types of procedures.®> The mean serum
25(0H)D level was less than 30 ng/mL preoperatively in 29 studies and less than
20 ng/mL in more than half of them (N = 17 studies).®®> Serum 25(OH)D levels did
not differ between the BMI categories with weighted means (standard deviations
[SDs]) of 43.6 (8.2), 47.6 (15.5), and 52.8 (9.9) kg/m?.8% Similar results were described
in a 2017 systematic review of 15 observational studies conducted in patients under-
going SG, in Europe and the United States.®® All studies reported a mean serum
25(0OH)D level less than 30 ng/mL, and 8 studies a mean 25(0OH)D level less than
20 ng/mL.5° Ethnic differences in vitamin D levels, similar to those reported in the gen-
eral population, were observed in a study from the United States. White people had
the highest mean 25(0OH)D level, with a mean of 25.5 ng/mL, compared with
12.9 ng/mL in African Americans, and 14.9 ng/mL in Hispanic people.®® Therefore,
the prevalence of hypovitaminosis D in Western and non-Western countries is compa-
rable, if the ranges reported in individual studies are considered.>%8384 Systematic re-
views that report mean serum 25(OH) levels also consistently yield comparable but
more conservative estimates.%°-8°
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After bariatric surgery

Despite various vitamin D supplementation regimens, our systematic review of obser-
vational studies revealed that only 13% of the included studies reported a mean post-
replacement 25(0OH)D level greater than 30 ng/mL, measured 3 months to 10 years
postoperatively.®° Several studies administering a low dose of vitamin D, 200 to 800
IU/d, showed no change or a decrease in 25(0H)D level.®® In vitamin D-deficient pa-
tients, a significant increase in 25(0OH)D level, of 9 to 13 ng/mL, was shown only in
studies that used loading doses of vitamin D (1100-7100 IU/d) followed by a mainte-
nance dose (400-2000 1U/d).8°> However, these increments in 25(0H)D level remained
lower than increments observed with similar doses in the general nonobese popula-
tion.8”-88 These indirect comparisons suggest that higher doses of vitamin D are
needed to correct vitamin D deficiency in obese patients undergoing bariatric surgery.
The proportion of patients reaching a 25(OH)D level greater than or equal to 20 ng/mL,
the target set by the Institute of Medicine (IOM) for a normal population,®® increased
from 25% to 55% at baseline to 70% to 93% at follow-up, depending on the replace-
ment dose and type of surgery.®® Another systematic review and meta-analysis of pro-
spective studies in patients undergoing gastric bypass, of at least 6 months’ duration,
revealed no significant change in serum 25(OH)D level with vitamin D doses less than
or equal to 1200 1U/d.°° The mean difference in serum 25(0H)D level was 1.35 (—1.12;
3.83, unit not provided; P = .28), and the high heterogeneity (1> 84%) could be
explained by the wide range of vitamin D doses used (from none to 1200 1U/d),
follow-up duration (6-36 months), and baseline BMI.°°

It is noteworthy that the few studies that did not include any supplementation
following laparoscopic SG showed a significant improvement in serum 25(0OH)D level
at early (6 months)®' and late (1-2 years) follow-up.®>°® In one study, 25(0H)D level
increased from 23.6 (14.2) to 32.2 (16.5) ng/mL, at 6 months postoperatively.®! In 2
studies, 25(0H)D levels at baseline were 13.5 (8.1) and 17.4 (8) ng/mL, and increased
to 26.3(7.6) and 42.1(10.2), at 1 year after surgery, respectively®>°® and 1 of them re-
ported a 25(0H)D level of 49.4 (14.4) at 2 years.®® The increase in serum 25(0OH)D in the
early postoperative period could be explained by the lack of a malabsorptive element
in this type of procedure, coupled with vitamin D mobilization from adipose tissue,®*
whereas the long-term improvement may be related to lifestyle changes, sun expo-
sure, and other factors.

Such differences by type of surgery were not readily detectable in our systematic
review.®> We identified 5 studies that included more than 50 participants per arm,
each comparing RYGB with SG (N = 2) or GB (N = 3), and only 2 studies showed
that subjects undergoing RYGB procedures may require a higher dose of vitamin D,
compared with those having SG or GB procedures, in unadjusted analyses.2®

There was a large variability in the 25(0OH)D assays used, which by itself may ac-
count for differences between studies,'°® and time points at which vitamin D status
was assessed in the studies discussed earlier.®> Furthermore, the type of vitamin D
used, duration of supplementation, and compliance rates were poorly reported. These
limitations explain the wide heterogeneity of results obtained and underscore the need
for high-quality randomized trials to define the vitamin D dose response in this specific
population.

Randomized Controlled Trials

Eight trials investigated vitamin D replacement in obese patients undergoing bariatric
surgery, all from Western countries (Table 1).°67'%% The number of participants was
fewer than 50 per arm in all but 2 studies (Dogan and colleagues'®? [n = 75/arm],
Muschitz and colleagues'®® [n = 110/arm]). With 1 exception,®® all were conducted
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Table 1
domized c lled trials and ¢ lled clinical trials of vitamin D replacement in bariatric surgery
BMI Baseline Change in
Baseline BMI 25(0H)D  Postintervention 25(OH)D
Author, Intervention (kg/m?) Follow-up Level 25(OH)D Level Level
Year Equivalent N N Gender Age (y) Mean (kg/m?) Type of Vitamin Duration Cointervention (ng/mL) (ng/mL) (ng/mL) Comorbidities Adverse
Country Daily Dose Rar C % Mean (SD)  (SD) Mean (SD) Surgery D Assay (mo) Ca (mg/d) Mean (SD) Mean (SD) Mean (SD) (%) Events
Intervention < 3 months:
Stein D3 12 12 75.0 39 47.5 NR NR LCMS 2 NR 15.1(6.9) 23.6 (6.9) NR NR None
etal,®® 1143 1U/d Rochester,
2009 D, 13 13 75.0 MN 13.6 (4.3) 31.3(7.2)
United 7143 1U/d
States®
Sundbom  UVB (for 31 NR 70 40.5 (5.7) 42.7 (5.2) 31.3(5.4) RYGB HPLC 3 NR 27.3(11.9) 28.7 (9.9) NR NR NR
et al,” 4 wk) +D3
2016 600 |U/d
Sweden® Ds 21 75 38.2(5.3) 42.7 (5) 30.2 (5.9) 223(7.2) 31.2(6.3)
600.000 IU IM
once + 600
u/d
Control 27 65.0 40.6 (6.3) 42.4 (4.3) 29.9 (4.6) 20.2(6.7) 19.5(6.3)
+ D3 600 1U/d
Wolf Placebo 47 41 61.7 43 (11) 50 (46.3; NR SG ELISA kit IDS, 3 NR 23.2(10.3) NR 0 HTN: 66 NR
etal,”® + D3 58.8) Frankfurt/ DM: 29.8
2016 200 1u/d Main, Arthrosis: 6.4
Germany*© Germany Depression: 8.5
OSA: 40.4
Degenerative
alteration
59.6
Ds 47 38 66.0 43 (10) 46.7 (44.6; 24 (7.4) NR Estimated HTN: 61.7
3200 IU/d 57.4) change DM: 25.5
+ 200 1u/d 12.8 Arthrosis: 6.4
Depression:
14.9
OSA 31.9
Degenerative
alteration:
57.4

(continued on next page)
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Table 1

(continued)

BMI Baseline Change in
Baseline BMI 25(0OH)D  Postintervention 25(0OH)D

Author, Intervention (kg/m?) Follow-up Level 25(0OH)D Level Level

Year Equivalent N N Gender Age (y) Mean (kg/m?) Type of Vitamin Duration Cointervention (ng/mL) (ng/mL) (ng/mL) Comorbidities Adverse

Country Daily Dose Randomized Completers % Women Mean (SD) (SD) Mean (SD) Surgery D Assay (mo) Ca (mg/d) Mean (SD) Mean (SD) Mean (SD) (%) Events

Luger D3 25 21 80.0 43 (12.6) 44.6 (4.2) 33.1(3.9) Omega NR 6 NR 15.5(5.7) 27 NR Liver fibrosis:  In the whole
etal,®  100,000IU every loop 36 study
2017 2wk for3 gastric Myocardial

Austria® doses then bypass infarct

3420 1U/d (n=1)
Placebo (3 25 22 80.0 41.8 (13) 429 (4.3) 31.1(3.5) 15.7(5.9) 21 Liver fibrosis: Liver

doses) then 20 hepatoma

D3 (n=1)
3420 1U/d

Intervention > 12 months:

Carlin Control 30 29 100 429 (11.3) 50.9 (6.6) 32.7 (4.6) RYGB CLIA 12 Ca 1500 19.7 (8.5) NR —4.4 (11.4) NR Death (n = 1)
etal,’ + D 800 IU/d Liaison in the high
2009 Platform dose group

United D 30 24 100 43.0(11.9) 50.3(4.9) 32.5(5.1) DiaSorin, Ca 1500 18.5 (9.4) 16.3 (15.7)

States® 7143 + 800 Stillwater,
1U/d MN

Goldner D3 13 9 NR 48.2 (11.8) 52.5(9) Change in RYGB CLIA 12 Ca 2000 19.1(9.9) NR 11(12.4) NR Hypercalciuria
etal,’®" 800 IU/d weight (kg) salt Lake (=1
.2009 _52.2(18) City, UT in the high

United dose group
States” Ds 13 9 48.3 (6.6) 60.4 (14.2) —41.7 (19) Ca 2000 15(9.3) 24.1(15)

2000 1U/d
D3 15 10 44.6 (10.9) 56.2(10.3) —45.7 (13) Ca 2000 22.9(10.3) 26.4(16.9)
5000 1U/d

Dogan D 75 74 68.0 43.4 (10) 44.8 (4.8) Weight at RYGB NR 12 Ca 1500 17 (7.2) 30.7 (9.8) 13.2(10.9) DM: 32 No adverse
etal,’®® 160 + 1200 follow-up (kg) HTN: 44 events
2014 u/d 90.6 (17.4) DL: 13.3 related to

Holland? OSA: 14.7 intervention

D 75 74 71.0 45.3(10.2) 44.8(6.4) 93.8(16.9) Ca 1500 17.7 (8.2) 28.2(10.2) 10 (10.8) DM: 33.3
500 + 1200 HTN: 37.3

u/d DL: 26.7
OSA: 18.7
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Muschitz  Ds 110 9% 60.0 41(34-45) 443 (411 Change RYGB Chemilumi- 24 Calcium and  17.4 (13.4; 44.6 (34.9,52.8) NR NR NR
etal,’°* 4000 U/ for 47.9) . and SG nescence lifestyle 22.6)
2016 8 wk then in BMI (kg/m?) on the changes
Austria® 2286 U/d ’5‘53(’2?'4; IDS-iSYS
+ D 200 1U/d i System,
Control 110 97 55.5 40 (35-45.8) 44.2 (40.7, —7.3(-9.4; Boldon, NR 17.7 (13; 18 (15; 22.1)
+D 200 1U/d 47.7) -1.7) United 21.9)
Kingdom

Abbreviations: CLIA, chemiluminescent immunoassay; DL, dyslipidemia; DM, diabetes mellitus; ELISA, enzyme-linked immunosorbent assay; HPLC, high-pressure liquid chromatography; HTN, hypertension; IDS, Iduronate-2-Sulfatase; LCMS, liquid chro-
matography mass spectrometry; NR, not reported; OSA, obstructive sleep apnea.

2 Longitudinal pilot study: intervention was D, 50,000 IU weekly versus D3 8000 IU weekly for 8 weeks; participants with vitamin D deficiency in the cross-sectional study were included in the trial; baseline characteristics for the pilot study were same
as for the cross-sectional study; results on demographics included here are for all the participants in the cross-sectional study.
Intervention was given as a loading dose of 100,000 IU at 0, 2 weeks, and 4 weeks, but the study duration was 6 months.
N Study compared 3200 1U/d versus placebo; two-thirds of all participants received an additional 200 IU/d and one-third of participants received an additional 10 to 20 IU/d. Medians (range) of BMI at baseline are provided.

Study was conducted at 4.1 (1.1) years after bariatric surgery; as per the authors, “although no hypercalcemia or other toxic symptoms, for example, poor appetite and constipation to severe thirst and failure, were seen in the kidney present study,
the risk cannot be ignored.” All participants received 600 1U/d.

€ Open-label study comparing 50,000 IU weekly versus no vitamin D; all participants received 800 IU/d; one of the limitations of the trial was noncompliance, but further details were not provided.
The investigators describe that they had difficulty in compliance, but no further details were provided. Data on 6, 12, and 24 months are available.

9 Al participants received vitamin D 1200 1U/d and Ca 1500 mg/d; all participants received other multivitamins and minerals, in 2 different doses. These vitamins and minerals were: biotin, calcium, chloride, chrome, copper, folic acid, iodine, iron,
manganese, magnesium, molybdenum, selenium, vitamins (A, By, By, B3, Bs, Bg, B12, C, D, E, K3), and zinc. No significant difference in 25(0OH)D level was detected between the 2 arms. Vitamin D deficiency before surgery was corrected with a mean
loading dose of 226,087 (+60,442) IU with a maintenance dose of 25,000 IU/mo, and stopped 2 months before surgery.

h The intervention group received 28,000 IU cholecalciferol per week for 8 weeks before bariatric surgery, 16,000 IU/wk after surgery, the control group did not receive any loading nor maintenance vitamin D; in addition to vitamin D, the inter-
vention consisted of 1000 mg of calcium monocitrate per day, daily BMI-adjusted protein supplementation, and physical exercise. All participants received vitamin D 200 1U/d.
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in the immediate postoperative phase. The surgical procedures were RYGB,%%~1°2
omega loop bypass,®” SG,%® or one of the 2 procedures, RYGB or SG,'% and not
specified in 1 study.®® Vitamin D supplementation was given for a period greater
than or equal to 12 months in 4 studies,’®®"1°% 3 months in 1 study,®® and less than
3 months in the other 3 studies.®®°"-°° We did not identify any study in which supple-
mentation was started immediately postsurgery and given for a duration of between 3
and 12 months postsurgery, a period during which the most rapid weight loss occurs,
and during which vitamin D levels may increase because of mobilization from fat. The
vitamin D doses were given daily (3 studies),®® 01192 weekly (3 studies),”®1°%1%% or
biweekly (1 study),®” and consisted of D in a liquid form,®”°8 a sublingual tablet,'%®
or as a single intramuscular (IM) high dose of vitamin D compared with UVB (and no
supplementation).®® The daily equivalent vitamin D doses varied from 200 to 7940
IU/d. Five studies gave, in addition to the intervention, vitamin D as part of multivita-
mins for all participants, at a dose of 200 to 1200 1U/d.98-100.102,103 p|| studies had a
preponderance of women, in their 40s, with a mean BMI at the start of the intervention
less than or equal to 50 kg/m? in 6 studies,®®~°9:192:103 gnd between 50 and 60 kg/m? in
2 studies.'°%1°1 Only 2 studies used high-pressure liquid chromatography®® and liquid
chromatography mass spectrometry®® to measure serum 25(0OH)D levels, which is an
important consideration in studies that may have used use D, instead of D3, and plat-
form assays that do not detect 100% of this D, metabolite.'%* Baseline 25(OH)D levels
ranged between 15 and 20 ng/mL in 6 studies,’®°"199-193 and 20 and 30 ng/mL in 2
studies.®®°° Three studies gave concomitant calcium supplementation, at a dose of
1500 to 2000 mg daily, to all treatment arms,'°°~'92 and cointervention differed be-
tween arms in 2 studies.’®?9% In 1 of them, the intervention consisted of vitamin Ds
in addition to exercise and high-protein diet versus no intervention.’® In the other,
cointervention included calcium, iron, and other vitamins and minerals, at different
doses between arms.'®? Comorbidities such as diabetes mellitus, hypertension,
obstructive sleep apnea, and dyslipidemia were discussed in only 2 studies®® 192
(see Table 1 for details). Adherence with supplementation was reported in only 2
studies and exceeded 80% in both.%6:%8

Effect of Vitamin D Supplementation for at Least 12 Months

Four RCTs'%%-193 administered vitamin D as D3 in 2 studies,'°"'% whereas no details
were provided in the other 2 (Fig. 2, see Table 1).'°%1°2 The same cointervention was
used in all study arms in 2 studies.’®® %" The first study compared a vitamin D (type
not specified) dose of 50,000 IU/wk with controls in an open-label study design in
60 women who had RYGB. However, all participants received multivitamins postop-
eratively.'®° Therefore, the equivalent vitamin D doses were 7943 IU/d versus 800
IU/d."%° The baseline 25(0H)D level was 18 to 19 ng/mL, decreased by 4.4 (11.4)
ng/mL in the control arm, but increased by 16.3 (15.7) ng/mL in the high-dose arm
at 12 months.'°° The authors calculated an increase in serum 25(0OH)D of 0.2 ng/mL
per 100 IU of vitamin D."°° The second was a pilot study, comparing 3 different chole-
calciferol doses in patients undergoing RYGB: 800 1U/d (n = 13), 2000 1U/d (n = 13),
and 5000 IU/d (n = 15). Despite the imbalance in the baseline characteristics between
treatment arms, including serum 25(0OH)D level (see Table 1), the absolute increase in
serum 25(0OH)D was 24 ng/mL on the intermediate dose, 26 ng/mL on the high dose,
and 11 ng/mL on the low dose.™® The increase in serum 25(0H)D per 100 IU vitamin D
was calculated to be 1.4 ng/mL in the low dose, 1.2 ng/mL in the intermediate dose,
and 0.5 ng/mL in the high dose.

In 2 other studies, the cointervention differed between study arms.%%19% |n the
largest trial, from Austria, there was a significant increase in mean serum 25(0OH)D level
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Fig. 2. Mean serum 25(OH)D level in RCTs, by intervention duration. Mean serum 25(OH)D
levels in studies grouped by the duration of the intervention (<3 months and >12 months)
before and after vitamin D supplementation, in patients undergoing RYGB,°’-9°~102 §G,%8 SG
or RYGB.'% One study did not specify the surgical procedure type.’® Each color represents 1
study; dark colors represent low dose or controls, and light colors represent high dose. (Data
from Refs.”’~"03)

from 17.4 ng/mL to 44.6 ng/mL in response to vitamin D3 doses of 4000 IU/d for
8 weeks followed by 2286 IU/d (n = 110), and no change in the control arm
(n = 110) in patients undergoing RYGB or SG."°® However, cointervention with 200
IU/d, high-protein diet, and other lifestyle changes could have affected the
response to vitamin D supplementation.’® Another trial compared 2 doses of vitamin
D [160 IU/d (n = 75) versus 500 IU/d (n = 75)] in 2 supplements, containing differing
concentrations of calcium, iron, and other minerals and vitamins (see footnote to
Table 1)."°% There was no significant difference in serum 25(OH)D level 12 months
post-RYGB; these findings could be explained by the small difference in the vitamin
D dose between the 2 arms, the 1200 IU in the cointervention, and/or nutrient interfer-
ence in vitamin D absorption, specifically calcium and iron supplementation.’®?

Effect of Vitamin D Supplementation for Less Than or Equal to 3 Months

The authors identified 4 studies administering vitamin D for a duration of 3 months or
less (see Fig. 2, see Table 1). The effect of a cholecalciferol dose of 3200 IU/d (n = 47),
was compared with placebo (n = 47) in patients undergoing SG, with baseline serum
25(OH)D level of 23 to 24 ng/mL, and all participants received 200 IU/d, as part of post-
operative multivitamins.®® Although there was no change in serum 25(OH)D level in the
placebo group, an estimated increase of 12.8 ng/mL was reported with the high
dose.®® The authors calculate the increase in 25(OH)D level to be 0.4 ng/mL/100 IU
of vitamin D. A study that extended over 6 months compared the effect of a loading
vitamin D dose, cholecalciferol 100,000 IU for 3 doses, at 0, 2, and 4 weeks, followed
by a maintenance dose (3420 IU/d) (n = 25), with placebo loading followed by the
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same maintenance dose (3420 IU/d) (n = 25)°7 in omega loop gastric bypass (includes
200 cm of jejunal bypass).®” The mean serum 25(0H)D level increased from a baseline
of 15 ng/mL to 27 ng/mL in the group receiving a loading/maintenance dose and to
21 ng/mL in the maintenance arm.®” However, the study results cannot be generalized
because a subset of patients had liver fibrosis.®” In addition, 1 study compared paren-
teral vitamin D supplementation (single IM dose of 600,000 IU once) versus placebo or
UVB in patients undergoing RYGB.®® All subjects received cholecalciferol 600 1U/d as
part of a multivitamin.®® There was a significant increase in serum 25(0OH)D level, from
22.3(7.2) to 31.2 (6.3) ng/mL, only in the intervention arm, 3 months postintervention.®®
However, a single high loading dose of vitamin D may not be sufficient to maintain a
steady state in the long term, both in normal-weight and obese patients.® Similarly,
treatment with vitamin D for a period of less than 2 to 3 months may not be sufficient to
reach a steady state in vitamin D levels.®” Therefore, with the exception of Wolf and
colleagues,®® the effect of vitamin D supplementation cannot be accurately evaluated
in these studies, secondary to the short study duration.

Based on the studies of at least 3 months’ duration, with the same cointervention
across study arms, the absolute serum 25(0OH)D levels achieved were higher in
response to higher vitamin D doses. The increments, expressed in ng/mL per 100
IU daily equivalent of vitamin D, were inversely proportional to the vitamin D doses
administered. They are similar to changes in the general population but lower in
magnitude for comparable vitamin D doses.?8106.107

Despite the use of high-vitamin-D doses, the mean 25(0OH)D level achieved in the
studies described earlier remained less than 40 ng/mL (see Table 1), with the excep-
tion of 2 studies, both of which lasted 12 months (see Fig. 2, see Table 1). One used a
loading dose of 4000 1U/d for 8 weeks followed by a maintenance dose of 2286 1U/d,
and the mean 25(0OH)D level reached was 44.6 ng/mL."%® The study that used a high
dose of 5000 IU/d led to an estimated 25(0H)D level of 49 ng/mL."°" In that study,
baseline 25(0OH)D levels differed, but the mean change in 25(0H)D was comparable
for the 2000 IU/d and the 5000 IU/d doses, an observation worthy of follow-up in larger
blinded randomized trials. The findings in 3 randomized trials are limited by the low
quality of the studies, related to the lack of description of allocation concealment (3
studies),®® 199197 the high attrition rate and lack of blinding (2 studies),'°®'°" the imbal-
ance in baseline characteristics (1 study),°" in addition to the small sample size. None
of the studies reported an increase in 25(0OH)D level to a toxic level, toxicity being
defined as a 25(0OH)D level greater than 100 to 150 ng/mL in association with hyper-
calcemia.’® The reporting of adverse events in the individual studies was poor (see
Table 1). Notoriously, information regarding kidney stones was lacking, which is an
important consideration in view of the increased risk of kidney stones post-
RYGB_108,109

Effect of Vitamin D Supplementation on Other Bone and Mineral Parameters

Serum and urine calcium level

None of the studies reported a significant change in mean serum calcium level in
the intervention arms, and hypercalcemia was not reported. There were no data on
24-hour urine calcium excretion.

Parathyroid hormone level

All the identified studies evaluated the effect of vitamin D supplementation on
PTH level. In 1 study, PTH levels were significantly different at baseline, 88.1
(42.0), 106.4 (51.6), and 70.8 (63.3) pg/mL in the 800 IU/d, the 2000 IU/d, and the
5000 IU/d arms, respectively (P = .03). At 12 months, PTH level decreased by 17.0
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(42.6) pg/mL, 32.4 (62.3) pg/mL, and 25.3 (82.1) pg/mL, in the low, intermediate, and
high doses, respectively (P = nonsignificant).'®" Two other studies with an intervention
for less than 3 months showed significant decreases in PTH levels (17%-21%) only in
the intervention arms, whereas they remained increased in the controls.®” 1%

In a pilot study comparing vitamin D, 50,000 IU weekly with vitamin D3 8000 I1U
weekly over 8 weeks, the mean PTH level decreased from 91 (10) pg/mL to 76 (6)
ng/mL in the cholecalciferol group, and from 77 (10) to 72 (6) pg/mL in the ergocalci-
ferol group (P>.05).°¢ These findings raise questions as to whether Dj is more potent
than D, in suppressing PTH levels,®® as has been debated for normal individuals. The
other trials did not report significant changes in PTH levels within or between arms
throughout the study period. The variable findings with regard to PTH levels may be
related to the small sample size, the differences in baseline 25(OH)D level, the vari-
ability in the vitamin D dose, and the 25(0OH)D levels achieved in the individual studies.

Bone density, bone markers, and fracture
Two RCTs assessed the effect of vitamin D supplementation on BMD following bariatric
surgery. %9193 One study showed a nonsignificant decrease in bone density of spine
and radius at 12 months post-RYGB but a significant change in hip BMD, in favor of
a protective effect of the high vitamin D dose of 50,000 IU weekly (high dose, 0.08
(0.05) g/cm?; low dose, 0.12 (0.06) g/cm?; P = .043). This finding was paralleled by a sig-
nificant increase in bone turnover markers in both study arms.'°° The serum 25(0H)D
level achieved with the high dose was 34.8 ng/mL."® In the second study, which com-
bined RYGB and SG, the intervention group received vitamin D3 4000 |U/d for 8 weeks,
followed by 2286 1U/d for a total of 24 months, and reached a mean serum 25(0OH)D level
of 44.6 ng/mL."% There was a significant decrease in total hip and total body BMD, but
to a lesser extent in the intervention group compared with the control group.'®® In
contrast, lumbar spine BMD did not change in the intervention group, whereas it
decreased in the control group.'®® The increase in bone turnover markers was also sig-
nificant in both groups, but to a lesser extent in the intervention group, following the
same pattern as changes in bone density.’® This study is the only one that collected
data on fracture and reported a traumatic rib fracture in the intervention group and 2
atraumatic fractures (radius, humerus) in the control group.'®®

These findings suggest a potential protective effect of a high vitamin D dose against
bone loss following bariatric surgery. However, the optimal 25(OH)D level and/or
vitamin D dose that result in improved skeletal outcomes could not be defined, and
procedure-specific conclusions could not be drawn.

Effect of Vitamin D Supplementation on Weight and Cardiometabolic Parameters

None of the randomized trials showed any vitamin D dose-dependent weight loss
following bariatric surgery. One study showed a significant improvement in lipid pa-
rameters over time, after 12 weeks, in subjects who received 200 IU/d and 3400 1U/
d of D3, but there were no significant differences between the 2 arms.®® In contrast,
the decrease in glycemic and inflammatory indices was only significant in the placebo
arm.®® Another study showed a higher hypertension resolution rate: 75% in the high-
dose group versus 32% in the low-dose group (P = .029)."%°

Comparison of Vitamin D Replacement in Sleeve Gastrectomy Versus Roux-en-Y
Gastric Bypass

Two small studies assessed the impact of the surgical procedure on bone and vitamin
D metabolism, using the same vitamin D replacement dose in both study arms.?'%"
The first compared the effect of RYGB (n = 7) or SG (n = 8) on bone loss at 1 year after
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surgery in participants who received cholecalciferol 600 IU/d.""" Although participants
had comparable BMIs at study entry (RYGB, 43.1 (3.9) kg/m?; SG, 43.5 (3.2) kg/m?), as
expected, RYGB patients lost more weight compared with SG patients (follow-up
BMI, 26.2 (2.7) kg/m?, and 30.5 (2.6) kg/m?, respectively)."’ Serum 25(OH)D level
increased significantly in the SG group, whereas it remained unchanged in the
RYGB group.’"" Another study compared the effect of monthly cholecalciferol
100,000 U (daily equivalent dose of 3333 1U/d) in 45 subjects undergoing RYGB
and 55 who had SG.""° Vitamin D deficiency was similar in both groups at baseline,
but there was a significant reduction in the prevalence of vitamin D deficiency (from
84% to 48%) in the SG group.''°

Although limited by the small number of studies and the restricted sample size,
these findings possibly suggest a better response to vitamin D supplementation in
SG compared with RYGB. Assuming adherence in the reported RCTs, and a normal
distribution for serum 25(0H)D levels, our findings confirm that, as anticipated, vitamin
D requirements post-bariatric surgery are higher than those of the normal population,
of 600 to 800 1U/d.®° Considering studies that lasted at least 12 months (see Fig. 2), a
dose of 800 1U/d would not enable > 97.5% of the patients who undergo RYGB to
achieve a serum 25(0OH)D level above 20 ng/mL. Based on the Goldner dose ranging
study, it may be closer to 2000 1U/d, but the sample size consisted of only 41 sub-
jects.'®" There is no clear evidence of a need for a loading dose. The limited evidence
from RCTs for patients undergoing SG does not allow any solid conclusions regarding
dosing in this population.

Ongoing Vitamin D Studies in Bariatric Surgery

The authors identified 5 observational studies, all with a sample size less than 50,
being conducted in Europe and the United States (Appendix 1 provides details on
outcomes of interest). The authors also identified 6 ongoing RCTs, mostly using
cholecalciferol, at doses ranging between a daily equivalent of 3333 and 10,000
IU, most being of short duration (<12 weeks), and the longest follow-up of
12 months. Four studies are being conducted in Western countries and 2 in the
Middle East (see Appendix 1). The sample size is less than 100 in 4 studies, and
greater than 100 in 2 studies. The target population as specified is obese adults
undergoing RYGB or SG (3 studies) or bariatric surgery in general (3 studies).
The primary outcomes are serum 25(0OH)D level (3 studies), PTH level (1 study),
and BMD (1 study), and 25(OH)D level is a secondary outcome in 1 study
(see Appendix 1).

VITAMIN D REPLACEMENT GUIDELINES FOR PATIENTS UNDERGOING BARIATRIC
SURGERY

Several guidelines on the postoperative care of obese patients undergoing bariatric
surgery are summarized in Table 2.7'27"7 The Endocrine Society (ES)''? and the Na-
tional Health Service (NHS) England Obesity Clinical Reference Group''® used the
Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach to derive their recommendations, whereas the American Association of Clin-
ical Endocrinologists (AACE), American Association of Metabolic and Bariatric Surgery
(ASMBS), and The Obesity Society (TOS) guidelines used the AACE Protocol for Stan-
dardized Production of Clinical Practice Guidelines methodology.'"® The British
Obesity and Metabolic Surgery Society (BOMSS) report was based on a review of
the available guidelines (AACE/TOS/ASMBS, ES, Interdisciplinary European guide-
lines, ASMBS Position Statement, and the Canadian Agency for Drugs and
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Table 2
Guidelines on vitamin D screening, monitoring, and replacement in bariatric surgery

Society

Screening and Monitoring

Replacement Dose

Case of Severe
Malabsorption

Endocrine Society 2010'"?

Checking 25(0OH)D level

before, all types of
bariatric surgery, and
after RYGB, BPD, and
BPD/DS, at 6, 12, 18,
24 mo and annually
thereafter

First phase (weeks 1-2, liquids): oral vitamin D 50,000 IU daily.

Second phase (weeks 3-6, soft food): calcitriol D 1000 IU daily.

Vitamin D can be provided with ergocalciferol, 50,000 IU 1 to 3
times per week; no grading?®

Malabsorptive surgical procedures:

Vitamin D supplementation is recommended
postoperatively for malabsorptive obesity surgical
procedures and the doses be adjusted by a qualified
medical professional based on serum markers and
measures of bone density.

Strong recommendation with moderate quality of evidence

50.000 IU vitamin D
1-3 times daily - No grading

American Association of

Clinical Endocrinologists,
American Association of
Metabolic and Bariatric
Surgery and The Obesity
Society''?

Checking 25(0OH)D level

before any bariatric
surgery, and after RYGB
and BPDDS, at 1, 3 and
6-12 mo thereafter

RYGB and LSG: Vitamin D at least 3000 IU daily, titrate
to >30 ng/mL grade A, BEL 1°

LAGB: At least 3000 IU of vitamin D daily (titrated to
therapeutic 25-dihydroxyvitamin D levels)

RYGB, BPD, BPD/DS: Treatment with oral calcium citrate and
vitamin D2 or D3 is indicated to prevent or minimize
secondary hyperparathyroidism without inducing frank
hypercalciuria: grade C, BEL 3

Oral D2 or D3 may need to

be as high as 50,000 units
1-3 times weekly to daily,
more recalcitrant cases
may require concurrent
oral calcitriol (1,25(0H),
D): grade D

British Obesity and Metabolic

Surgery Society 2014''#

Vitamin D level should be

monitored following SG,
gastric bypass and BPD/
DS. If vitamin D
supplementation is
adjusted, the serum
250HD levels should be
rechecked after a
minimum of three
months

Gastric bypass and SG: Usual practice is in the region of a
minimum of 800-1200 mg calcium and 20 mcqg [ug] (800 IU)
vitamin D per day. Additional vitamin D supplementation
will also be needed following the BPD/IDS

Preparations may be given as:

e 50,000 IU capsules, one given weekly for 6 wk (300,000 IU)

e 20,000 IU capsules, two given weekly for 7 wk (280,000 1U)

e 800 IU capsules, five a day given for 10 wk (280,000 1U)

This may then be followed by maintenance regimens 1 mo
after loading with doses equivalent to 800 to 2000 IU daily

NA

(continued on next page)
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Table 2
(continued)
Case of Severe
Society Screening and Monitoring  Replacement Dose Malabsorption
(occasionally up to 4000 IU daily), given either daily or
intermittently at a higher equivalent dose: no grading
Interdisciplinary European A metabolic and bone AGB and RYGB: Vitamin and micronutrient supplements (oral) NA
2014'"° evaluation before should routinely be prescribed to compensate for their
surgery, and follow up possible reduced intake and absorption.
after surgery was BPD: Lifelong daily vitamin and micronutrient
suggested (details on supplementation (vitamins should be administered in a
type of surgery and water-soluble form): Vitamins A, D, E and K: no grading
timing not provided)
National Health Service All patients should have NA NA
England Obesity Clinical their vitamin D status
Reference Group 2016''® assessed and treated
prior to surgery and
should have replacement
prescribed after surgery:
grade B?
Ontario Bariatric Network 25(0OH)D level at baseline NA NA
2016'"7 and at 3, 6, 12 mo and
then annually thereafter

[e 12 ednoiyyeyd

In the presence of several guidelines versions, the latest version is included in this table. Sentences in italic are taken verbatim from the original guidelines
document.

Abbreviations: AGB, adjustable gastric banding; BEL, best evidence level; BPD, bilio-pancreatic diversion; BPD/DS, BPD and duodenal switch; LAGB, laparoscopic
adjustable gastric banding; LSG, laparoscopic SG; NA, not available.

2 GRADE approach was used for the rating of the quality of evidence and the strength of the recommendations.

® The American Association of Clinical Endocrinologists protocol for standardized production of clinical practice guidelines methodology was used for the rat-
ing of the quality of evidence and the strength of the recommendations.
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Technologies in Health Technical Report [Ottawa, Canada]), in addition to recent pub-
lications on the topic.’'* The other guidelines did not provide details on the method-
ology used or any quality rating of their recommendations (see Table 2).""51"7

A critical appraisal of the ES, AACE/ASBMS/TOS and Interdisciplinary European
guidelines is available elsewhere.*°

Screening and Monitoring for Hypovitaminosis D

Although screening for vitamin D deficiency is not recommended for the general
healthy population, it is recommended for obese patients undergoing bariatric sur-
gery.''8129 |n 2009, a review of European and US guidelines and expert recom-
mendations available at that time suggested monitoring serum 25(OH)D level for
gastric bypass every 3 months during the first year, twice yearly in the second
year, and yearly thereafter, and for SG and adjustable gastric banding (AGB),
once yearly after surgery.'?' The ES (2010) and the AACE/ASMBS/TOS guidelines
(2013) both recommend screening with serum 25(OH)D level before all types of bar-
iatric surgery and then periodically every 3 to 6 months for a duration of 1 to 2 years,
in patients having RYGB, BPD, and BPD and duodenal switch (BPDDS)."'2""% The
Interdisciplinary European Guidelines (2014) recommend a metabolic and bone
evaluation before surgery and at follow-up, without specifying when and what tests
should be performed. The BOMSS guidelines (2014) recommend monitoring serum
25(0H)D level in patients on supplementation after SG, GB, and BPDDS,"'* and to
check serum 25(0H)D level and adjust the dose 3 months postprocedure.’'* The
NHS England Obesity Clinical Reference Group recommends the evaluation of
vitamin D status before bariatric surgery (SG, RYGB, and BPDDS) but is silent on
monitoring postoperatively.''® The Ontario Bariatric Network Task Force document
provides a summary table on the laboratory investigations required following bariat-
ric surgery and for monitoring of vitamin D status at baseline, 3 months, 6 months,
12 months, and then annually, without any specification of the type of bariatric
surgery.’"”

Recommended Replacement Doses

The ES guidelines recommend vitamin D supplementation for malabsorptive proced-
ures, adjusting the dose based on serum and bone parameters (strong recommen-
dation with moderate quality of evidence). They suggest a vitamin D dose of
50,000 IU 1 to 3 times per week, increasing to 50,000 IU 1 to 3 times per day in cases
of severe malabsorption (no grading)."'> The AACE/TOS/ASMBS guidelines recom-
mend 3000 IU of vitamin D daily for RYGB, laparoscopic SG, and laparoscopic
AGB to reach a 25(0OH)D level of greater than or equal to 30 ng/mL (grade A; best
level of evidence, 1).""® Similar to ES guidelines, a vitamin D dose of 50,000 IU 1
to 3 times weekly, with increments to daily doses is recommended in cases of
severe malabsorption (grade D)."™® Both guidelines suggested that active vitamin
D can be used in refractory cases.''?""® The BOMSS guidelines suggest a minimum
of 800 IU/d, and additional doses for BPD procedures, such as a loading dose of
50,000 IU weekly for 6 weeks, or 40,000 IU weekly for 7 weeks, or 4000 IU daily
for 10 weeks, followed by 800 to 2000 IU/d vitamin D (no grading).'' The other
guidelines do not provide any recommendations/suggestions regarding the doses
needed (see Table 2).

In summary, the guidelines available to date differed between societies in terms
of dosing, had comparable monitoring intervals when specified, and only AACE/
TOS/ASMBS specified a desirable 25(0OH)D level of 30 ng/mL, based on their rec-
ommended desirable levels in the general population.’'® The guidelines do not fulfill
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optimal guidance development criteria, in part because of limited resources, and
are mostly based on expert opinion because of the scarcity of high-quality evi-
dence available.

SUMMARY, KNOWLEDGE GAPS, AND FUTURE CONSIDERATIONS

Hypovitaminosis D [mean serum 25(0OH)D level <20 ng/mL] before and after bariatric
surgery is common, with the exception of a few observational studies using a loading
dose followed by a maintenance dose of vitamin D postoperatively. The data are most
abundant post-RYGB. Results of randomized trials of similar nature were not always
consistent, possibly because of small sample size, confounding by various predictors,
type and vitamin D regimen used, cointervention with calcium and other supplements,
variability in follow-up, and patient adherence.

Low 25(0OH)D levels are often accompanied by secondary hyperparathyroidism
postoperatively, and this may be more severe after RYGB. High remodeling and
bone loss has been observed, but it is not clear that vitamin D and PTH levels are
the main regulators of these changes in bone metabolism postoperatively. Data on
fractures are scarce and conflicting and there is no clear evidence for a role of a
low vitamin D level in causing these fractures.

Several replacement regimens are available to date, and some are recommended in
guidelines issued from relevant scientific societies. However, the quality of the evi-
dence for the dosing and regimens recommended is limited, and the efficacy and
effectiveness of recommended doses in increasing 25(0OH)D level and improving major
outcomes have not been shown.

A desirable serum 25(OH)D level is one that prevents secondary hyperparathyroid-
ism and osteomalacia, improves calcium balance and BMD, and decreases fracture
risk. Such data in patients undergoing bariatric surgery are for the most part lacking,
and the desirable vitamin D level in this population remains unknown. It is likely that
regimens differ by type of surgery because of the additional decreased absorption
of vitamin D in RYGB procedures. Vitamin D dose-ranging trials will help define the
optimal regimen (dose, frequency, and vehicle [liquid, sublingual tablet, capsule, or in-
jection]) by type of surgery, to reach a 25(0OH)D level greater than 20 ng/mL (a putative
desirable level extrapolating from the general population). Assessment of surrogate
markers of calcium balance and mineral metabolism will help define the desirable level
in this population. This assessment is best complemented by systematic reviews of
high-quality randomized trials that investigate the effect of bariatric surgery on bone
density, bone quality in the various skeletal compartments, muscle mass, falls, and
fractures as end points. Adequate reporting on adherence and adverse events is
also essential.

The number of vitamin D randomized trials, identified from 2 major trial registries,
currently being conducted in bariatric surgery patients, and their duration, are subop-
timal to investigate the changes in vitamin D levels that occur within the first year post-
surgery. It is hoped that several more are in progress. Although some data are
gathered from Western countries, data from non-Western countries, where obesity
is fastest growing, is almost inexistent. The obesity epidemic and its implications for
health in general and skeletal health in particular in the pediatric population are also
of great concern, in view of the potential deleterious impact of hypovitaminosis D,
and other nutritional deficiencies, on the growing skeleton at a critical time for bone
mass accretion.

Awaiting high-quality evidence studies, the authors suggest starting with regimens
of 2000 to 4000 IU of vitamin D3 per day, selecting the higher end of this range for
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patients undergoing RYGB. Loading does not seem necessary unless patients have
severe vitamin D deficiency preoperatively. The sublingual and injectable forms, which
bypass the gastrointestinal tract, may be particularly attractive. Recommendations
regarding adequate hydration are important to minimize the risk of stone precipitation.
In consideration of the large variations in serum 25(0OH)D levels achieved, and the
number of confounders, periodic monitoring of such levels at 1, 3, 6, and 12 months
postoperatively, and annually thereafter, allows therapy to be tailored to individual pa-
tients’ risk profiles.

ACKNOWLEDGMENTS

The work and research reported in this article were supported in part by the Fogarty
International Center and the Office of Dietary Supplements of the National Institutes of
Health under award number D43 TW009118. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the National Insti-
tutes of Health. The authors thank Mr Ali Hammoudi for his help with tables and fig-
ures, and Ms Aida Farha, Medical Information Specialist, Saab Medical Library, at
the American University of Beirut, for her advice and assistance in designing compre-
hensive and complex searches of the various medical literature resources, and
retrieval of select articles.

REFERENCES

1. World Health Organization. Obesity and overweight statistics. Available at:
http://www.who.int/mediacentre/factsheets/fs311/en/. Accessed August, 2017.

2. Ogden CL, Carroll MD, Kit BK, et al. Prevalence of obesity among adults: United
States, 2011-2012. NCHS Data Brief 2013;131:1-8. Available at: http:
//www.cdc.gov/nchs/data/databriefs/db131.htm. Accessed August, 2017.

3. American Society for Metabolic and Bariatric Surgery (ASMBS).Obesity in Amer-
ica. Available at: https://asmbs.org/wp/uploads/2014/06/Obesity-in-America-1.
pdf. Accessed August, 2017.

4. American Heart Association. Overweight & obesity. Statistical fact sheet
2013 Update. Available at: http://www.heart.org/idc/groups/heart-public/
@wcm/@sop/@smd/documents/downloadable/ucm_319588.pdf. Accessed
August, 2017.

5. Flegal KM, Carroll MD, Kit BK, et al. Prevalence of obesity and trends in the dis-
tribution of body mass index among US adults, 1999-2010. JAMA 2012;307(5):
491-7.

6. Ogden CL, Carroll MD, Fryar CD, et al. Prevalence of obesity among adults and
youth: United States, 2011-2014. NCHS Data Brief 2015;(219):1-8.

7. National Institute of Health. Overweight and obesity statistics. Available at: https://
www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-
statistics.aspx#b. Accessed August, 2017.

. Holick MF. Vitamin D deficiency. N Engl J Med 2007;357(3):266-81.

9. Lips P. Worldwide status of vitamin D nutrition. J Steroid Biochem Mol Biol 2010;
121(1-2):297-300.

10. Wahl DA, Cooper C, Ebeling PR, et al. A global representation of vitamin D sta-

tus in healthy populations. Arch Osteoporos 2012;7:155-72.

11. Looker AC, Johnson CL, Lacher DA, et al. Vitamin D status: United States, 2001-

2006. NCHS Data Brief 2011;(59):1-8.

12. Hilger J, Friedel A, Herr R, et al. A systematic review of vitamin D status in pop-

ulations worldwide. Br J Nutr 2014;111(1):23-45.

(o8}

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalK ey.com by Elsevier on October 31, 2017.

For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

967


http://refhub.elsevier.com/S0889-8529(17)30068-3/sref2
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref2
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref2
https://asmbs.org/wp/uploads/2014/06/Obesity-in-America-1.pdf
https://asmbs.org/wp/uploads/2014/06/Obesity-in-America-1.pdf
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref5
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref5
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref5
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref6
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref6
https://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
https://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
https://www.niddk.nih.gov/health-information/health-statistics/Pages/overweight-obesity-statistics.aspx#b
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref8
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref9
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref9
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref10
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref10
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref11
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref11
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref12
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref12

968 Chakhtoura et al

13. El-Hajj Fuleihan G, Bouillon R, Clarke B, et al. Serum 25-hydroxyvitamin D levels:
variability, knowledge gaps, and the concept of a desirable range. J Bone Miner
Res 2015;30(7):1119-33.

14. Bell NH, Epstein S, Greene A, et al. Evidence for alteration of the vitamin
D-endocrine system in obese subjects. J Clin Invest 1985;76(1):370-3.

15. Samuel L, Borrell LN. The effect of body mass index on adequacy of serum
25-hydroxyvitamin D levels in US adults: the National Health and Nutrition Exam-
ination Survey 2001 to 2006. Ann Epidemiol 2014;24(10):781-4.

16. Carrelli A, Bucovsky M, Horst R, et al. Vitamin D storage in adipose tissue of
obese and normal weight women. J Bone Miner Res 2017;32(2):237-42.

17. Shapses SA, Pop LC, Schneider SH. Vitamin D in obesity and weight loss. In
nutritional influences on bone health. London: Springer International Publishing;
2016. p. 185-96.

18. Pereira-Santos M, Costa PR, Assis AM, et al. Obesity and vitamin D deficiency:
a systematic review and meta-analysis. Obes Rev 2015;16(4):341-9.

19. Hypponen E, Power C. Hypovitaminosis D in British adults at age 45 y: nation-
wide cohort study of dietary and lifestyle predictors. Am J Clin Nutr 2007;85(3):
860-8.

20. Schafer AL. Vitamin D and intestinal calcium transport after bariatric surgery.
J Steroid Biochem Mol Biol 2017;173:202-10.

21. Wortsman J, Matsuoka LY, Chen TC, et al. Decreased bioavailability of vitamin D
in obesity. Am J Clin Nutr 2000;72(3):690-3.

22. Drincic AT, Armas LA, Van Diest EE, et al. Volumetric dilution, rather than
sequestration best explains the low vitamin D status of obesity. Obesity (Silver
Spring) 2012;20(7):1444-8.

23. Weiner RA. Indications and principles of metabolic surgery. U.S. National Li-
brary of Medicine. Chirurg 2010;81(4):379-94.

24. Chikunguw S, Dodson P, Meador J, et al. Durable resolution of diabetes after
Roux-en-Y gastric bypass associated with maintenance of weight loss. Surg
Obes Relat Dis 2009;5(3):S1.

25. Kaplan LM. Body weight regulation and obesity. J Gastrointest Surg 2003;7(4):
443-51.

26. Kokkinos A, Alexiadou K, Liaskos C, et al. Improvement in cardiovascular
indices after Roux-en-Y gastric bypass or sleeve gastrectomy for morbid
obesity. Obes Surg 2013;23(1):31-8.

27. Buchwald H, Avidor Y, Braunwald E, et al. Bariatric surgery: a systematic review
and meta-analysis. JAMA 2004;292:1724-37.

28. Sjostréom L, Narbro K, Sjostrom CD, et al. Effects of bariatric surgery on mortality
in Swedish obese subjects. N Engl J Med 2007;357(8):741-52.

29. Adams TD, Gress RE, Smith SC, et al. Long-term mortality after gastric bypass
surgery. N Engl J Med 2007;357(8):753-61.

30. Sjostrom L, Peltonen M, Jacobson P, et al. Bariatric surgery and long-term car-
diovascular events. JAMA 2012;307(1):56-65.

31. American Society for Metabolic and Bariatric Surgery (ASMBS). Estimate of bar-
iatric surgery numbers, 2011-2015. Available at: https://asmbs.org/resources/
estimate-of-bariatric-surgery-numbers. Accessed August, 2017.

32. Yu EW. Bone metabolism after bariatric surgery. J Bone Miner Res 2014;29(7):
1507-18.

33. American Society for Metabolic and Bariatric Surgery (ASMBS). Metabolic
and bariatric surgery. Available at: https://asmbs.org/wp/uploads/2014/05/
Metabolic+Bariatric-Surgery.pdf. Accessed August, 2017.

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on October 31, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0889-8529(17)30068-3/sref13
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref13
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref13
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref14
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref14
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref15
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref15
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref15
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref16
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref16
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref17
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref17
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref17
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref18
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref18
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref19
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref19
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref19
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref20
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref20
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref21
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref21
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref22
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref22
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref22
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref23
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref23
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref24
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref24
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref24
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref25
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref25
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref26
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref26
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref26
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref27
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref27
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref28
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref28
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref29
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref29
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref30
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref30
https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers
https://asmbs.org/resources/estimate-of-bariatric-surgery-numbers
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref32
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref32
https://asmbs.org/wp/uploads/2014/05/Metabolic+Bariatric-Surgery.pdf
https://asmbs.org/wp/uploads/2014/05/Metabolic+Bariatric-Surgery.pdf

34.

35.

36.

37.

38.

39.

40.

49,

42.

43.

44,

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on October 31, 2017.

Vitamin D Metabolism in Bariatric Surgery

American Society for Metabolic and Bariatric Surgery (ASMBS). Bariatric sur-
gery procedures. Available at: https://asmbs.org/patients/bariatric-surgery-
procedures. Accessed August, 2017.

Stein EM, Silverberg SJ. Bone loss after bariatric surgery: causes, conse-
quences, and management. Lancet Diabetes Endocrinol 2014;2(2):165-74.
Bal BS, Finelli FC, Shope TR, et al. Nutritional deficiencies after bariatric surgery.
Nat Rev Endocrinol 2012;8(9):544-56.

Eims L, Moon RC, Varnadore S, et al. Causes of small bowel obstruction after
Roux-en-Y gastric bypass: a review of 2,395 cases at a single institution. Surg
Endosc 2014;28(5):1624-8.

Saltzman E, Karl JP. Nutrient deficiencies after gastric bypass surgery. Annu
Rev Nutr 2013;33:183-203.

Devi P, Palanivelu PR. Calcium and vitamin D deficiencies in bariatric surgery. In
bariatric surgical practice guide. Singapore: Springer; 2017. p. 289-95.

Gillon S, Jeanes YM, Andersen JR, et al. Micronutrient status in morbidly obese
patients prior to laparoscopic sleeve gastrectomy and micronutrient changes 5
years post-surgery. Obes Surg 2017;27(3).606-12.

Dogan K, Homan J, Aarts EO, et al. Long-term nutritional status in patients
following Roux-en-Y gastric bypass surgery. Clin Nutr 2017, in press.

Wacker M, Holick MF. Vitamin D - effects on skeletal and extraskeletal health and
the need for supplementation. Nutrients 2013;5(1):111-48.

Schwartz JB, Kane L, Bikle D. Response of vitamin D concentration to vitamin
D3 administration in older adults without sun exposure: a randomized double-
blind trial. J Am Geriatr Soc 2016;64(1):65-72.

Gallagher JC. Vitamin D and falls - the dosage conundrum. Nat Rev Endocrinol
2016;12(11):680-4.

Bikle DD. Vitamin D and bone. Curr Osteoporos Rep 2012;10(2):151-9.

Hage MP, El-Hajj Fuleihan G. Bone and mineral metabolism in patients undergo-
ing Roux-en-Y gastric bypass. Osteoporos Int 2014;25(2):423-39.

Gregory NS. The effects of bariatric surgery on bone metabolism. Endocrinol
Metab Clin North Am 2017;46(1):105-16.

Chakhtoura MT, Nakhoul NF, Akl EA, et al. Vitamin D supplementation for obese
adults undergoing bariatric  surgery. Cochrane Database Syst Rev
2015;(7):CD011800.

Chakhtoura MT, Nakhoul N, Akl EA, et al. Guidelines on vitamin D replacement in
bariatric surgery: identification and systematic appraisal. Metabolism 2016;
65(4):586-97.

Bazuin |, Pouwels S, Houterman S, et al. Improved and more effective algo-
rithms to screen for nutrient deficiencies after bariatric surgery. Eur J Clin Nutr
2017;71(2):198-202.

Zhao LJ, Jiang H, Papasian CJ, et al. Correlation of obesity and osteoporosis:
effect of fat mass on the determination of osteoporosis. J Bone Miner Res
2008;23(1):17-29.

Devlin MJ, Rosen CJ. The bone-fat interface: basic and clinical implications of
marrow adiposity. Lancet Diabetes Endocrinol 2015;3(2):141-7.

Switzer NJ, Marcil G, Prasad S, et al. Long-term hypovitaminosis D and second-
ary hyperparathyroidism outcomes of the Roux-en-Y gastric bypass: a system-
atic review. Obes Rev 2017;18(5):560-6.

Gehrer S, Kern B, Peters T, et al. Fewer nutrient deficiencies after laparoscopic
sleeve gastrectomy (LSG) than after laparoscopic Roux-Y-gastric bypass
(LRYGB) - a prospective study. Obes Surg 2010;20(4):447-53.

For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

969


https://asmbs.org/patients/bariatric-surgery-procedures
https://asmbs.org/patients/bariatric-surgery-procedures
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref35
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref35
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref36
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref36
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref37
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref37
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref37
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref38
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref38
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref39
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref39
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref40
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref40
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref40
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref41
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref41
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref42
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref42
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref43
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref43
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref43
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref44
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref44
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref45
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref46
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref46
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref47
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref47
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref48
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref48
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref48
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref49
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref49
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref49
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref50
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref50
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref50
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref51
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref51
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref51
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref52
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref52
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref53
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref53
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref53
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref54
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref54
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref54

970 Chakhtoura et al

55. Lanzarini E, Nogués X, Goday A, et al. High-dose vitamin D supplementation is
necessary after bariatric surgery: a prospective 2-year follow-up study. Obes
Surg 2015;25(9):1633-8.

56. Chapin BL, LeMar HJ Jr, Knodel DH, et al. Secondary hyperparathyroidism
following biliopancreatic diversion. Arch Surg 1996;131(10):1048-52.

57. De Prisco C, Levine SN. Metabolic bone disease after gastric bypass surgery
for obesity. Am J Med Sci 2005;329(2):57-61.

58. White MG, Ward M, Applewhite MK, et al. Rates of secondary hyperparathyroid-
ism after bypass operation for super-morbid obesity: an overlooked phenome-
non. Surgery 2017;161(3):720-6.

59. Costa TL, Paganotto M, Radominski RB, et al. Calcium metabolism, vitamin D
and bone mineral density after bariatric surgery. Osteoporos Int 2015;26(2):
757-64.

60. Dix CF, Bauer JD, Wright OR. A systematic review: vitamin D status and sleeve
gastrectomy. Obes Surg 2017;27(1):215-25.

61. Folli F, Sabowitz BN, Schwesinger W, et al. Bariatric surgery and bone disease:
from clinical perspective to molecular insights. Int J Obes (Lond) 2012;36(11):
1373-9.

62. Coates PS, Fernstrom JD, Fernstrom MH, et al. Gastric bypass surgery for
morbid obesity leads to an increase in bone turnover and a decrease in bone
mass. J Clin Endocrinol Metab 2004;89(3):1061-5.

63. Yu EW, Wewalka M, Ding SA, et al. Effects of gastric bypass and gastric band-
ing on bone remodeling in obese patients with type 2 diabetes. J Clin Endocrinol
Metab 2016;101(2):714-22.

64. Yu EW, Bouxsein ML, Roy AE, et al. Bone loss after bariatric surgery: discordant
results between DXA and QCT bone density. J Bone Miner Res 2014;29(3):
542-50.

65. Berarducci A, Haines K, Murr MM. Incidence of bone loss, falls, and fractures
after Roux-en-Y gastric bypass for morbid obesity. Appl Nurs Res 2009;22(1):
35-41.

66. Lalmohamed A, de Vries F, Bazelier MT, et al. Risk of fracture after bariatric sur-
gery in the United Kingdom: population based, retrospective cohort study. BMJ
2012;345:e5085.

67. Nakamura KM, Haglind EG, Clowes JA, et al. Fracture risk following bariatric
surgery: a population-based study. Osteoporos Int 2014;25(1):151-8.

68. Lu CW, Chang YK, Chang HH, et al. Fracture risk after bariatric surgery: a 12-
year nationwide cohort study. Medicine 2015;94(48):e2087.

69. Maghrabi AH, Wolski K, Abood B, et al. Two-year outcomes on bone density and
fracture incidence in patients with T2DM randomized to bariatric surgery versus
intensive medical therapy. Obesity (Silver Spring) 2015;23(12):2344-8.

70. Yu EW, Lee MP, Landon JE, et al. Fracture risk after bariatric surgery: Roux-en-Y
gastric bypass versus adjustable gastric banding. J Bone Miner Res 2017;
32(6):1229-36.

71. Rousseau C, Jean S, Gamache P, et al. Change in fracture risk and fracture
pattern after bariatric surgery: nested case-control study. BMJ 2016;354:
i3794.

72. Rodriguez-Carmona Y, Lépez-Alavez FJ, Gonzalez-Garay AG, et al. Bone min-
eral density after bariatric surgery. A systematic review. Int J Surg 2014;12(9):
976-82.

73. Ko BJ, Myung SK, Cho KH, et al. Relationship between bariatric surgery and
bone mineral density: a meta-analysis. Obes Surg 2016;26(7):1414-21.

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on October 31, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0889-8529(17)30068-3/sref55
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref55
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref55
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref56
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref56
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref57
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref57
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref58
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref58
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref58
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref59
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref59
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref59
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref60
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref60
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref61
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref61
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref61
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref62
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref62
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref62
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref63
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref63
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref63
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref64
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref64
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref64
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref65
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref65
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref65
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref66
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref66
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref66
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref67
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref67
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref68
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref68
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref69
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref69
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref69
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref70
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref70
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref70
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref71
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref71
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref71
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref72
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref72
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref72
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref73
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref73

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on October 31, 2017.

Vitamin D Metabolism in Bariatric Surgery

Quraishi SA, Bittner EA, Blum L, et al. Association between preoperative 25-hy-
droxyvitamin D level and hospital-acquired infections following Roux-en-Y
gastric bypass surgery. JAMA Surg 2014;149(2):112-8.

Schaaf C, Gugenheim J. Impact of preoperative serum vitamin D level on post-
operative complications and excess weight loss after gastric bypass. Obes
Surg 2017;27(8):1982-5.

Carlin AM, Yager KM, Rao DS. Vitamin D depletion impairs hypertension resolu-
tion after Roux-en-Y gastric bypass. Am J Surg 2008;195(3):349-52.
Zittermann A, Ernst JB, Gummert JF, et al. Vitamin D supplementation, body
weight and human serum 25-hydroxyvitamin D response: a systematic review.
Eur J Nutr 2014;53(2):367-74.

Zittermann A, Frisch S, Berthold HK, et al. Vitamin D supplementation enhances
the beneficial effects of weight loss on cardiovascular disease risk markers. Am
J Clin Nutr 2009;89(5):1321-7.

Mason C, Xiao L, Imayama |, et al. Effects of weight loss on serum vitamin D in
postmenopausal women. Am J Clin Nutr 2011;94(1):95-103.

Rock CL, Emond JA, Flatt SW, et al. Weight loss is associated with increased
serum 25-hydroxyvitamin D in overweight or obese women. Obesity (Silver
Spring) 2012;20(11):2296-301.

Mason C, Xiao L, Imayama |, et al. Vitamin D3 supplementation during weight
loss: a double-blind randomized controlled trial. Am J Clin Nutr 2014;99(5):
1015-25.

Aarts E, van Groningen L, Horst R, et al. Vitamin D absorption: consequences of
gastric bypass surgery. Eur J Endocrinol 2011;164(5):827-32.

Peterson LA, Zeng X, Caufield-Noll CP, et al. Vitamin D status and supplemen-
tation before and after bariatric surgery: a comprehensive literature review. Surg
Obes Relat Dis 2016;12(3):693-702.

Aridi HD, Alami RS, Fouani T, et al. Prevalence of vitamin D deficiency in adults
presenting for bariatric surgery in Lebanon. Surg Obes Relat Dis 2016;12(2):
405-11.

Chakhtoura MT, Nakhoul NN, Shawwa K, et al. Hypovitaminosis D in bariatric
surgery: a systematic review of observational studies. Metabolism 2016;65(4):
574-85.

Chan LN, Neilson CH, Kirk EA, et al. Optimization of vitamin D status after Roux-
en-Y gastric bypass surgery in obese patients living in northern climate. Obes
Surg 2015;25(12):2321-7.

Vieth R. Critique of the considerations for establishing the tolerable upper intake
level for vitamin D: critical need for revision upwards. J Nutr 2006 Apr;136(4):
1117-22.

Gallagher JC, Sai A, Templin T 2nd, et al. Dose response to vitamin D supple-
mentation in postmenopausal women: a randomized trial. Ann Intern Med
2012;156(6):425-37.

Ross AC, Taylor CL, Yaktine AL, et al. Dietary reference intakes for calcium and
vitamin D. Washington, DC: Institute of Medicine (US) Committee to Review Di-
etary Reference Intakes for Vitamin D and Calcium. Washington, DC: National
Academies Press; 2011.

Liu C, Wu D, Zhang JF, et al. Changes in bone metabolism in morbidly
obese patients after bariatric surgery: a meta-analysis. Obes Surg 2016;
26(1):91-7.

For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

971


http://refhub.elsevier.com/S0889-8529(17)30068-3/sref74
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref74
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref74
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref75
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref75
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref75
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref76
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref76
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref77
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref77
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref77
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref78
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref78
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref78
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref79
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref79
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref80
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref80
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref80
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref81
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref81
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref81
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref82
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref82
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref83
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref83
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref83
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref84
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref84
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref84
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref85
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref85
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref85
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref86
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref86
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref86
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref87
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref87
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref87
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref88
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref88
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref88
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref89
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref89
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref89
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref89
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref90
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref90
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref90

972 Chakhtoura et al

91. Belfiore A, Cataldi M, Minichini L, et al. Short-term changes in body composition
and response to micronutrient supplementation after laparoscopic sleeve gas-
trectomy. Obes Surg 2015;25(12):2344-51.

92. Lancha A, Moncada R, Valenti V, et al. Comparative effects of gastric bypass
and sleeve gastrectomy on plasma osteopontin concentrations in humans.
Surg Endosc 2014;28(8):2412-20.

93. Ruiz-Tovar J, Oller I, Priego P, et al. Short- and mid-term changes in bone mineral
density after laparoscopic sleeve gastrectomy. Obes Surg 2013;23(7):861-6.

94. Lin E, Armstrong-Moore D, Liang Z, et al. Contribution of adipose tissue to
plasma 25-hydroxyvitamin D concentrations during weight loss following gastric
bypass surgery. Obesity (Silver Spring) 2011;19(3):588-94.

95. Barake M, Daher RT, Salti I, et al. 25-hydroxyvitamin D assay variations and
impact on clinical decision making. J Clin Endocrinol Metab 2012;97(3):835-43.

96. Stein EM, Strain G, Sinha N, et al. Vitamin D insufficiency prior to bariatric sur-
gery: risk factors and a pilot treatment study. Clin Endocrinol (Oxf) 2009;
71(2):176-83.

97. Luger M, Kruschitz R, Kienbacher C, et al. Vitamin D3 loading is superior to con-
ventional supplementation after weight loss surgery in vitamin D-deficient
morbidly obese patients: a double-blind randomized placebo-controlled trial.
Obes Surg 2017;27(5):1196-207.

98. Wolf E, Utech M, Stehle P, et al. Oral high-dose vitamin D dissolved in oil raised
serum 25-hydroxy-vitamin D to physiological levels in obese patients after
sleeve gastrectomy-a double-blind, randomized, and placebo-controlled trial.
Obes Surg 2016;26(8):1821-9.

99. Sundbom M, Berne B, Hultin H. Short-term UVB treatment or intramuscular
cholecalciferol to prevent hypovitaminosis D after gastric bypass—a randomized
clinical trial. Obes Surg 2016;26(9):2198-203.

100. Carlin AM, Rao DS, Yager KM, et al. Treatment of vitamin D depletion after Roux-
en-Y gastric bypass: a randomized prospective clinical trial. Surg Obes Relat
Dis 2009;5(4):444-9.

101. Goldner WS, Stoner JA, Lyden E, et al. Finding the optimal dose of vitamin D
following Roux-en-Y gastric bypass: a prospective, randomized pilot clinical
trial. Obes Surg 2009;19(2):173-9.

102. Dogan K, Aarts EO, Koehestanie P, et al. Optimization of vitamin suppletion after
Roux-en-Y gastric bypass surgery can lower postoperative deficiencies: a ran-
domized controlled trial. Medicine 2014;93(25):e169.

103. Muschitz C, Kocijan R, Haschka J, et al. The impact of vitamin D, calcium,
protein supplementation, and physical exercise on bone metabolism
after bariatric surgery: the BABS study. J Bone Miner Res 2016;31(3):
672-82.

104. Chouiali A, Mallet PL, Fink G, et al. Comparison of two methods for measuring
25-OH vitamin D in the follow-up of patients after bilio-pancreatic diversion bar-
iatric surgery. Clin Biochem 2017;50(4-5):210-6.

105. King RJ, Chandrajay D, Abbas A, et al. High-dose oral cholecalciferol loading in
obesity: impact of body mass index and its utility prior to bariatric surgery to
treat vitamin D deficiency. Clin Obes 2017;7(2):92—7.

106. Heaney RP. Vitamin D-baseline status and effective dose. N Engl J Med 2012;
367(1):77-8.

107. Vieth R. Vitamin D. In: Feldman D, Glorieux F, editors. The pharmacology of
vitamin D, including fortification strategies. 2nd edition. Chapter 61. Available

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on October 31, 2017.
For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0889-8529(17)30068-3/sref91
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref91
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref91
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref92
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref92
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref92
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref93
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref93
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref94
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref94
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref94
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref95
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref95
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref96
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref96
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref96
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref97
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref97
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref97
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref97
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref98
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref98
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref98
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref98
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref99
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref99
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref99
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref100
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref100
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref100
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref101
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref101
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref101
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref102
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref102
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref102
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref103
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref103
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref103
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref103
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref104
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref104
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref104
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref105
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref105
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref105
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref106
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref106

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

Downloaded for Anonymous User (n/a) at American University of Beirut from ClinicalKey.com by Elsevier on October 31, 2017.

Vitamin D Metabolism in Bariatric Surgery

at:  http://truemedmd.com/wp-content/uploads/2014/01/Pharmacology_Vitamin_
D_Fortification_Vieth.pdf. Accessed March, 2017.

Sakhaee K, Poindexter J, Aguirre C. The effects of bariatric surgery on bone and
nephrolithiasis. Bone 2016;84:1-8.

Tarplin S, Ganesan V, Monga M. Stone formation and management after bariat-
ric surgery. Nat Rev Urol 2015;12(5):263-70.

Vix M, Liu KH, Diana M, et al. Impact of Roux-en-Y gastric bypass versus sleeve
gastrectomy on vitamin D metabolism: short-term results from a prospective
randomized clinical trial. Surg Endosc 2014;28(3):821-6.

Nogues X, Goday A, Pena MJ, et al. Bone mass loss after sleeve gastrec-
tomy: a prospective comparative study with gastric bypass. Cir Esp 2010;
88(2):103-9.

Heber D, Greenway FL, Kaplan LM, et al. Endocrine and nutritional manage-
ment of the post-bariatric surgery patient: an Endocrine Society Clinical Practice
Guideline. J Clin Endocrinol Metab 2010;95(11):4823-43.

Mechanick JI, Youdim A, Jones DB, et al. Clinical practice guidelines for the
perioperative nutritional, metabolic, and nonsurgical support of the bariatric sur-
gery patient 2013 update: cosponsored by American Association of Clinical En-
docrinologists, the Obesity Society, and American Society for Metabolic &
Bariatric Surgery. Endocr Pract 2013;19(2):337-72.

O’Kane M, Pinkney J, Aasheim E, et al. BOMSS guidelines on perioperative
and postoperative biochemical monitoring and micronutrient replacement
for patients undergoing bariatric surgery. Adopted by BOMSS Council 2014.
Available at: http://www.bomss.org.uk/wp-content/uploads/2014/09/BOMSS-
guidelines-Final-version10ct14.pdf. Accessed August, 2017.

Fried M, Yumuk V, Oppert JM, et al. Interdisciplinary European guidelines on
metabolic and bariatric surgery. Obes Surg 2014;24(1):42-55.

O’Kane M, Parretti HM, Hughes CA, et al. Guidelines for the follow-up of patients
undergoing bariatric surgery. Clin Obes 2016;6(3):210-24.

Ontario Bariatric Network 2016 Available at: http://www.ontariobariatricnetwork.
ca/obn-members/obn-directives-protocols/surgical-program/obn-peri-operative-
task-force-recommendations-2016-.pdf Accessed August, 2017.

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Evaluation, treatment, and pre-
vention of vitamin D deficiency: an Endocrine Society clinical practice guideline.
J Clin Endocrinol Metab 2011;96(7):1911-30.

Hanley DA, Cranney A, Jones G, et al. Vitamin D in adult health and disease: a
review and guideline statement from osteoporosis Canada (summary). CMAJ
2010;182(12):1315-9.

Maeda SS, Borba VZ, Camargo MB, et al. Recommendations of the Brazilian So-
ciety of Endocrinology and Metabology (SBEM) for the diagnosis and treatment of
hypovitaminosis D. Arg Bras Endocrinol Metabol 2014;58(5):411-33.

Ziegler O, Sirveaux MA, Brunaud L, et al. Medical follow up after bariatric
surgery: nutritional and drug issues. General recommendations for the pre-
vention and treatment of nutritional deficiencies. Diabetes Metab 2009;35(6
Pt 2):544-57.

For personal use only. No other uses without permission. Copyright ©2017. Elsevier Inc. All rights reserved.

973


http://truemedmd.com/wp-content/uploads/2014/01/Pharmacology_Vitamin_D_Fortification_Vieth.pdf
http://truemedmd.com/wp-content/uploads/2014/01/Pharmacology_Vitamin_D_Fortification_Vieth.pdf
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref108
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref108
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref109
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref109
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref110
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref110
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref110
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref111
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref111
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref111
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref112
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref112
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref112
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref113
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref113
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref113
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref113
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref113
http://www.bomss.org.uk/wp-content/uploads/2014/09/BOMSS-guidelines-Final-version1Oct14.pdf
http://www.bomss.org.uk/wp-content/uploads/2014/09/BOMSS-guidelines-Final-version1Oct14.pdf
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref115
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref115
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref116
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref116
http://www.ontariobariatricnetwork.ca/obn-members/obn-directives-protocols/surgical-program/obn-peri-operative-task-force-recommendations-2016-.pdf
http://www.ontariobariatricnetwork.ca/obn-members/obn-directives-protocols/surgical-program/obn-peri-operative-task-force-recommendations-2016-.pdf
http://www.ontariobariatricnetwork.ca/obn-members/obn-directives-protocols/surgical-program/obn-peri-operative-task-force-recommendations-2016-.pdf
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref118
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref118
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref118
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref119
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref119
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref119
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref120
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref120
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref120
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref121
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref121
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref121
http://refhub.elsevier.com/S0889-8529(17)30068-3/sref121

‘panEsal SIYBL ||V ou| BINS|T 2 T02® WP LAdOD “uoissiwied 1noyrim sasn Jaylo oN "Ajuo asn Jeuosted o4
"LT0Z ‘T€ GO0 Uo Binss3 Ag woo e eolul|D woly inieg J0 AiseAIUN UedLewY e (g/u) Jesn snowAuouy oy papeojumod

APPENDIX 1: SUMMARY OF ONGOING/COMPLETED OBSERVATIONAL STUDIES AND RANDOMIZED TRIALS ON VITAMIN D IN BARIATRIC SURGERY

Principal Investigator

2008 Columbia University
Last updated: July United States

28, 2016
Last verified: July

2016

Intervention:
Gastric bypass or
GB

Duration:

5y

Exclusion criteria:

Scheduled for bariatricsurgery ~ Change in serum calcium

and vitamin D and PTH
Vitamin D deficiency levels
Primary hyperparathyroidism,
osteomalacia

Lithium or thiazide diuretics

e Untreated hyperthyroidism,

liver disease, renal disease,
Cushing syndrome, rheuma-
toid arthritis, myeloma or
Paget disease

Antiobesity medications

for >2 wk 90 d before study
Any research study 90 d before
study

Malabsorption syndromes
such as celiac sprue
Previous bariatric surgery

Center Study Design/Surgery Type Sample Size (N) Outcomes (Primary and Start and
Trial Identifier Country Intervention/Duration Eligibility Criteria Secondary) Completion Dates
Observational Studies
NCT00627315 Judith Korner, MD, Study design: N: 240 Primary: Start date:
First received: Associate Professor of ~ Observational, Inclusion criteria: Change in bone density March 2015
February 28, Medicine prospective cohort e >18y of age Secondary: Study completion

date:

January 2017
Primary completion

date:

January 2017
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NCT01385098
First received:
June 28, 2011
Last updated: Sep.
24, 2015
Last verified:
August 2013

Vadim Sherman, MD
The Methodist Hospital
Research Institute
Houston, Texas,

United States

Study design:
Single arm
Surgery type:
RYGB
SG
Intervention:
Vitamin D3
supplementation
2000 IU and calcium
1500 mg
Duration:
12 wk

Start date:
July 2011
Completion date:
September 2015
Primary completion
date:
May 2013

N: 23 Primary:
Inclusion criteria: Serum 25(0OH)D level
e Adult women obese patients  Secondary:
undergoing either RYGB or SG  The percentage response
e BMI >40 kg/m? or BMI above baseline
>35 kg/m? with a comorbidity comparing RYGB and
Exclusion criteria: SG patients
e Vitamin D deficiency
(<20 ng/mL)
Hypercalcemia or
hypocalcemia
e Renal disease
e History of primary
hyperparathyroidism
e Medications that interfere
with vitamin D metabolism
Significant sun exposure or
travel to sunny climates during
the study

(continued on next page)
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(continued)

Principal Investigator
Center

Study Design/Surgery Type

Sample Size (N)

Outcomes (Primary and

Start and

Trial Identifier Country Intervention/Duration Eligibility Criteria Secondary) Completion Dates
NCT01637155 Violeta Moize, MD Study design: N: 44 Primary: NA
First received: July Hospital Clinic Single group Inclusion criteria: Comparison of the
10, 2012 Provincial de intervention e >18yold pharmacokinetic
Last updated: NA Barcelona Surgery type: e Gastric bypass in the last 18 mo parameters of vitamin
Last verified: July  Spain Gastric bypass (6 mo) D
2012 SG e BMI 25-33 kg/m? Secondary:

Intervention:

Oral cholecalciferol dose
of 50,000 IU to
determine
pharmacokinetics.

After 28 d, patients take
a period of 90 d of
standardization of
cholecalciferol based
on baseline levels

After this period,
patients receive a
second oral dose of
50,000 1U

Duration:

4 mo

e 25(OH)D level <20 ng/mL

e Clinically stable

Exclusion criteria:

Pregnancy, lactation
Menopause

High liver function test

Renal disease or previous renal
lithiasis

Digestive disease to suggest
malabsorption, granuloma-
tous diseases, diabetic
gastroenteropathy
Medication likely to interfere
with the absorption of vitamin
D, calcium, and bone meta-
bolism, such as corticosteroids
and anticonvulsants
Cholecalciferol
hypersensitivity

e Secondary
hyperparathyroidism
Urinary calcium and
creatinine

Changes in total protein,
albumin, phosphorus,
magnesium and calcium,
alkaline phosphatase
levels

Change in body fat
Change in adherence in
both surgeries

Adverse events

9.6
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NCT01871389
First received:
June 4, 2013
Last updated: May
7, 2014
Last verified: May
2014

Lee Mallory Boylan, MD

Professor
Texas Tech University
United States

Study design:

Observational

Surgery type:

Gastric bypass

Intervention:

Monthly high-dose

cholecalciferol (dose

N: 31

Inclusion criteria:

e Morbidly obese meeting
criteria for gastric bypass

e Age >18y

Exclusion criteria:

e Medications that affect

Primary:
Serum 25(OH)D;

Start date:
February 2012
Completion date:
August 2013
Primary completion
date:
August 2013

NA) vitamin D status, increased
Duration: 25(0OH)D or calcium level
6 mo
NCT01910792 Michael F Holick, PhD,  Study design: N: 60 Primary: Start date:

First received: MD Nonrandomized, open Inclusion criteria: Vitamin D status March 2011

June 25, 2012 Boston University label, parallel e Men and women, age 18 y or Secondary: Completion date:
Last updated: Medical Center assignment older with skin types 2-5 Erythema February 2014

January 11, United States Surgery type: e Fat malabsorption Primary completion

2016 Gastric bypass Exclusion criteria: date:

Last verified:
January 2016

Intervention:
Group 1: patients with

fat malabsorption
syndromes use a UV

lamp at home 3 times

per week

Group 2: patients with
gastric bypass use a UV
lamp at home 3 times

per week

Duration:

12 wk

e Treatment with vitamin D

e Pregnancy and lactation

o History of underlying
photosensitivity, or skin type |
(develop skin burns after UVB
exposure)

e History of chronic disease

e Medications that cause
photosensitivity or influence
vitamin D metabolism

e History of skin cancer

e History of hypocalcemia,

hypercalcemia

History of renal, hepatic,

hematological, gastrointes-

tinal, endocrine, pulmonary,

cardiac, neurologic, or

cerebral disease within 3 mo

Travel to sunny climate

without sunscreen during

1 mo of the study start

February 2014

(continued on next page)
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(continued)

Trial Identifier

Principal Investigator
Center
Country

Study Design/Surgery Type
Intervention/Duration

Sample Size (N)
Eligibility Criteria

Outcomes (Primary and
Secondary)

Start and
Completion Dates

Randomized Studies

NCT01138475
First received:
June 4, 2010
Last updated:
August 11, 2016
Last verified:
August 2016

Kerstyn Zalesin, MD

William Beaumont
Hospitals Royal Oak,
Michigan, United
States

Study design:
Randomized, double-blind
parallel assignment
Surgery type:
RYGB
Intervention:
Group 1: paricalcitol 1 png
by mouth daily
Group 2: cholecalciferol
5000 IU by mouth daily
Group 3: placebo inactive
substance, 1 capsule daily
Duration:
6 wk

N: 55

Inclusion criteria:

e After RYGB (>6 wk and <5)

e >18y

o Negative pregnancy test for
women

e Normal serum levels of calcium,
phosphorous, albumin, iPTH

Exclusion criteria:

e Vitamin D treatment or allergy
to vitamin D

e Pregnancy or lactating women

e Renal disease or stones

e History of hypercalcemia,

hyperphosphatemia, or

primary hyperparathyroidism

Malignancy within less than

1 year (except nonmelanoma

skin cancer) or any history of

bone metastasis

e Comorbid conditions (malig-
nancy, liver disease) with a life
expectancy <1y

e Use of another investigational
drug

e Poorly controlled hypertension

e Drugs affecting the bone or
immunosuppressant therapy,
steroids, inhibitors or inducers
of cytochrome

e HIV positive

Primary:
Change from baseline in
iPTH over 6 wk
Secondary:
Vitamin and mineral
levels and laboratory
surveillance

Start date:
July 2010
Completion date:
August 2015
Primary completion
date:
August 2015

8.6
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History of drug or alcohol
abuse, liver or kidney transplant
History of CVA within the last

3 mo
NCT02212652 Kimberley E Steele, MD, Study design: N: 70 Primary: Start date:
First received: PhD Randomized, double-blind Inclusion criteria: Improved postoperative January 2017

August 6, 2014 Johns Hopkins

parallel assignment

o RYGBP or vertical SG serum 25(OH)D Estimated primary

Last updated: University Surgery type: e 18-64y of age concentration completion date:
August 29, 2016 United States RYGB e BMI of 35-49.9 kg/m? Secondary: April 2020
Last verified: Vertical SG e Serum 25(0OH)D concentration e Adverse surgical
August 2016 Intervention: <30 ng/mL preoperatively outcomes?
Group 1: vitamin D3 Exclusion criteria: o Clinical outcomes®
chewable gels 10,000 e Dietary restriction for beef
1U daily gelatin
Group 2: placebo, e Expected poor compliance
gummy button with the medical regimen
Duration: e Medical conditions that could
Intervention duration: 30d jeopardize the safety of the
Study duration: subject or the integrity of the
1y study
e Pregnancy
NCT02477956 David Syn, MD Study design: N: 31 Primary: Start date:

First received: May Texas Tech University
12,2014 Health Sciences
Last updated: Center
June 22, 2015 United States
Last verified: June
2015

Randomized, single-
blind (investigator),
parallel assignment

Surgery type:

Bariatric surgery (type

not specified)
Intervention:

Dietary supplement:
vitamin D3 (Replesta) 2
tablets (100,000 IU/mo)

Active comparator:
control, standard
vitamin D

Duration:

6 mo

Difference in mean serum November 2012
25(OH)D level between Completion date:
groups December 2013

Primary completion
date:
November 2013

Inclusion criteria:

e Morbidly obese and eligible
for bariatric surgery

Exclusion criteria:

e <18 and >60 y of age

e Increased serum vitamin D and
calcium levels

e Pregnant and lactating
women

(continued on next page)
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(continued)

Principal Investigator
Center

Study Design/Surgery Type

Sample Size (N)

Outcomes (Primary and

Start and

Trial Identifier Country Intervention/Duration Eligibility Criteria Secondary) Completion Dates
NCT02483026 Ram Elazary, MD Study design: N: 250 Primary: Anticipated start
First received: Head bariatric surgeon Randomized, Inclusion criteria: Bone density by DXA 1y date:
April 18, 2015 Hadassah Ein Cerem double-blind parallel e SG after surgery May 2017
Last updated: Medical Center assignment e BMI >35 kg/m? with Secondary: Estimated
March 6, 2017 Israel Surgery type: comorbidity or >40 kg/m? e Weight (kg), % excess completion date:
Last verified: SG e Vitamin D deficiency before weight loss October 2019

March 2017

Intervention:
Supplements care 6 wk
presurgery
Group 1: multivitamin
and vitamin D
Group 2: placebo and
vitamin D (dose NA)
Duration:
1y

surgery
Exclusion criteria:

e Previous bariatric surgery

e Psychiatric illness

e Endocrine problem that
affects the weight that is
unbalanced

Chronic kidney disease,
nephrolithiasis

Metabolic bone disease before
surgery, calcium disorders
Pregnancy, breastfeeding
Medications or disease
affecting calcium or bone
metabolism

Nutritional supplements 2 wk
before the study

e o o o o

25(0OH)D level (ng/mL)
Vitamin B, level (pg/dL)
Iron level (ng/dL)

PTH level (pg/mL)

Folate level (ng/mL)

Estimated primary

completion date:

October 2018

086
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NCT02817256 Juma Alkaabi, MD Study design:
First received: College of Medicine and Randomized,
June 19, 2016 Health Sciences, double-blind parallel
Last updated: United Arab Emirates assignment
June 26, 2016 University Surgery type:
Last verified: June United Arab Emirates SG

2016 Intervention:

Group 1: ergocalciferol
300,000 IM every 3 mo;
oral, vitamin B,
tablets daily (500 pg)
calcium/D tables
600-200 mg, iron
preparation (47 mg)
daily

Group 2: ergocalciferol
50,000 IU once every
2 wk, vitamin B4,

1000 pg IM every 3 mo,
calcium/D tablets
600-200 mg, iron
preparation (47 mg)
daily
Duration:
1y

N: 105

Inclusion criteria:

e 1860y

e No medical or psychiatric
contraindications

o BMI>35 kg/m? with comorbid-
ities or BMI >40 kg/m? before
the bariatric surgery

Exclusion criteria:

e Micronutrient deficiency that
requires treatment

e Documented poor compliance

e Inflammatory bowel disease,

malignant or debilitating

medical conditions

Hemoglobinopathies or

pernicious anemia

Renal stones or history of

hypercalcemia

Significant long-standing

medical complications that

affect micronutrient status

e Severe psychiatric illness

¢ Women who are lactating,
pregnant, or planning
pregnancy

Primary:

Change in iron level

Secondary:

Complications resulting
from IM injections
Change in level of uric
acid, calcium, vitamin

A, vitamin D, serum
folate, vitamin B,
serum methyl
malonate

Start date:
October 2016

Estimated
completion date:
November 2018

Estimated primary
completion date:
November 2017

(continued on next page)
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Last updated: Polytechnic
September 29, University, Pomona
2016 United States

Last verified:

September 2016

assignment
Surgery type:
RYGB
Vertical SG
Intervention:
Group 1:
e PatchMD Vitamin
Ds/Calcium Patch
e PatchMD Multivitamin
Patch
e PatchMD B12 Energy
Plus Patch
Group 2:
e Chewable Multivi-
tamin with Iron
e Chewable calcium
e Quick Dissolve B1>
(dose NA)
Duration:
3 mo

e Nonpregnant women
Exclusion criteria:

e Metal objects in the body
e Weight >270 kg (600 Ib)
e Revision surgery

Ferritin (ng/mL)

B2 (pg/mL)
Vitamin D (ng/mL)
Hemoglobin Alc (%)
Fat mass (kg) Weight

(kg); Waist

circumference (cm)
Hip circumference (cm)
Stadiometer

measurement (cm)
Total body water (kg)

(continued)
Principal Investigator
Center Study Design/Surgery Type Sample Size (N) Outcomes (Primary and Start and
Trial Identifier Country Intervention/Duration Eligibility Criteria Secondary) Completion Dates
NCT02686905 Rebecca McDorman, Study design: N: 30 Primary: Study date:
First received: graduate student Randomized, Inclusion criteria: Glucose (mg/dL) January 2016
February 4, 2016 California State double-blind parallel e Vertical SG or gastric bypass Calcium (mg/dL) Estimated

completion date:

June 2017
Estimated primary

completion date:

June 2017

Abbreviations: CVA, cerebrovascular accident; HIV, human immunodeficiency virus; iPTH, intact PTH; UV, ultraviolet.
A search was conducted on August 11 for all trials completed before 2017, and no results were published.

@ Surgical site infection, wound separation and dehiscence, anastomotic leak, prolonged length of hospital stay (>3 days), and readmittance to the hospital within

30 days postoperatively.

® Wound healing, weight loss, nutritional status, resolution of comorbidities, and other key markers of health, such as vital signs (eg, fever, blood pressure, heart rate,

pain) and return of a regular menstrual cycle.

Data from ClinicalTrials.gov and the WHO International Clinical Trials Registry Platform (ICTRP) (March 2017); search strategy: vitamin D AND (bariatric surgery gastric

bypass OR sleeve gastrectomy OR gastric banding OR weight loss surgery.)
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