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A B S T R A C T

Background

Vitamin D deficiency following bariatric surgery is common and is expected to be associated with a deleterious impact on the skeleton.
However, the benefits of vitamin D supplementation and the optimal dose in this population is currently unknown. The available guidelines
on the topic are derived from experts' opinions, and are not evidence based.

Objectives

To compare the eMects of diMerent doses of vitamin D supplementation (low dose (less than 600 international units (IU)/day), moderate
dose (600 IU/day to 3500 IU/day), high dose (greater than 3500 IU/day)) to each other or to placebo in adults living with obesity undergoing
bariatric surgery.

Search methods

We searched CENTRAL, MEDLINE, Embase, LILACS, two trial registries, and the reference lists of systematic reviews, articles, and health
technology assessment reports without language restrictions. The last search of all databases was 27 June 2023, except Embase, which
we searched on 14 August 2015.

Selection criteria

We included randomised controlled trials or controlled clinical trials on vitamin D supplementation comparing diMerent doses or
comparing vitamin D to placebo in people undergoing bariatric surgery.
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Data collection and analysis

We used standard Cochrane methods. Primary outcomes were fractures and adverse events. Secondary outcomes were vitamin D status,
all-cause mortality, bone mineral change, secondary hyperparathyroidism, health-related quality of life, and muscle strength. We used
GRADE to assess the certainty of the evidence for each outcome in each comparison.

Main results

We identified five trials with 314 participants. We included three trials in the quantitative analysis.

Moderate-dose vitamin D compared to placebo

One trial compared moderate-dose vitamin D (3200 IU/day) to placebo.

Moderate-dose vitamin D, compared to placebo, may improve vitamin D status and may result in little to no diMerence in the achieved
parathyroid hormone level (achieved 25-hydroxyvitamin D level: mean diMerence (MD) 13.60 ng/mL, 95% confidence interval (CI) 7.94 to
19.26; achieved parathyroid hormone level: −6.60 pg/mL, 95% CI −17.12 to 3.92; 1 study, 79 participants; low-certainty evidence). The trial
reported no adverse events in the moderate-dose vitamin D arm, but did not provide any information on adverse events in the placebo
arm. There were no data on fractures, all-cause mortality, bone density change, health-related quality of life, and muscle strength.

High-dose vitamin D compared to moderate-dose vitamin D

Two trials in Roux-en-Y gastric bypass compared moderate-dose (equivalent dose 800 IU/day to 2000 IU/day) to high-dose (equivalent dose
5000 IU/day to 7943 IU/day) vitamin D.

The evidence of high-dose vitamin D on adverse events is very uncertain (risk ratio (RR) 5.18, 95% CI 0.23 to 116.56; 2 studies, 81 participants;
very low-certainty evidence). High-dose vitamin D may increase 25-hydroxyvitamin D levels compared to a moderate dose at 12 months,

but the evidence is very uncertain (MD 15.55 ng/mL, 95% CI 3.50 to 27.61; I2 = 62%; 2 studies, 73 participants; very low-certainty evidence).
High-dose vitamin D may have little to no eMect on parathyroid hormone levels compared to a moderate dose at 12 months, but the

evidence is very uncertain (MD 2.15 pg/mL, 95% CI −21.31 to 17.01; I2 = 0%; 2 studies, 72 participants; very low-certainty evidence). High-
dose vitamin D may have little to no eMect on mortality and bone mineral density at the lumbar spine, hip, and forearm, but the evidence
is very uncertain. There were no data on fractures, health-related quality of life, or muscle strength.

Authors' conclusions

No trials reported on fractures and the evidence available on adverse events is scarce. Moderate-dose vitamin D may improve vitamin D
status and may result in little to no improvement in parathyroid hormone levels compared with placebo.

High-dose vitamin D supplementation (greater than 3500 IU/day) may increase 25-hydroxyvitamin D levels, and may have little to no eMect
on parathyroid hormone levels, compared to a moderate dose, but the evidence for both is very uncertain.

The currently available limited evidence may not have a significant impact on practice. Further studies are needed to explore the impact
of vitamin D supplementation on fractures, adverse events, and musculoskeletal parameters in people undergoing bariatric surgery.

P L A I N   L A N G U A G E   S U M M A R Y

What are the benefits and risks of vitamin D supplementation for adults with obesity undergoing weight-loss surgery?

Key messages

– There is limited evidence on the benefits of vitamin D supplements for adults with obesity aSer weight-loss surgery. We are not confident
that taking high or moderate doses of vitamin D aSer weight-loss surgery improves vitamin D levels or reduces the diseases of the
parathyroid glands (four pea-sized glands in the neck that manage calcium levels in the body).

– There are no data on the risk of bone fractures, and little information on changes in bone strength or other unwanted eMects.

Why is vitamin D needed following bariatric surgery?

Weight-loss surgery (also called bariatric surgery) is used to manage obesity and problems related to obesity. It mainly works by bypassing
parts of the intestines or reducing the size of the stomach to reduce the absorption of fat from food. One unwanted eMect of weight-loss
surgery is poor absorption of vitamin D, which is important in regulating the amount of calcium in the blood. Low levels of vitamin D in the
blood reduce the amount of calcium in the body, partly by making the parathyroid glands in the neck become more active. These glands
then produce more parathyroid hormone, which causes calcium to leak out of the bones. This can lead to weak bones and bone fractures,
reducing a person's quality of life. Addition of vitamin D using supplements is expected to help improve vitamin D levels, reduce bone loss,
and potentially lower the risk of fractures in people who have had weight-loss surgery.

What did we want to find out?
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We wanted to see if diMerent doses of vitamin D supplements, compared to each other or to placebo (pretend treatment), could reduce
fracture risk, improve vitamin D levels, and reduce parathyroid hormone levels.

What did we do?

We looked for studies of vitamin D supplements in people undergoing weight-loss surgery. We examined the impact on fracture risk,
unwanted eMects, vitamin D levels, deaths, bone strength, quality of life, and muscle strength. We summarised and compared the results
and assessed the quality and size of the studies.

What did we find?

We included five studies with 314 participants (mostly women aged about 40 to 50 years) from Western countries undergoing weight-loss
surgery. The studies lasted between three and 12 months.

One study compared moderate-dose vitamin D to placebo for three months. Moderate-dose vitamin D may improve a person's overall
vitamin D level and may result in little to no diMerence in parathyroid hormone levels compared with placebo (1 study, 79 people). There
were no unwanted eMects with moderate-dose vitamin D but the authors did not report results from the placebo group. There was no
information on fractures, deaths, bone strength, quality of life, or muscle strength.

Two studies compared high-dose vitamin D to moderate-dose vitamin D for 12 months. High-dose vitamin D may result in an increase in
vitamin D levels compared to moderate doses, but the evidence is very uncertain. We are very uncertain about the unwanted eMects of
high-dose vitamin D (2 studies, 81 people), death (1 study, 60 people), bone strength (1 study, 30 people had measurements at the hip
and 40 people had measurements at the fore arm), or parathyroid hormone levels (2 studies, 72 people). There was no information on
fractures, quality of life, or muscle strength.

What are the limitations of the evidence?

Our confidence in the results was low or very low as we found few studies that included few people. Doses of vitamin D varied between
studies. Most evidence was reported soon aSer surgery and focused on vitamin D levels and parathyroid hormone levels and did not provide
data about everything that we were interested in.

How up to date is this review?

This evidence is up to date to June 2023.
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Summary of findings 1.   Moderate-dose vitamin D (600 IU/day to 3500 IU/day) versus placebo

Patient or population: people living with obesity who have undergone bariatric surgery

Settings: outpatient

Intervention: moderate-dose vitamin D (600–3500 IU/day)

Comparison: placebo

Anticipated absolute effects*aOutcomes

Placebo Moderate-dose vita-
min D 600–3500 IU/
day

Relative effect
(95% CI)

No of partici-
pants
(trials)

Certainty of
the evidence
(GRADE)

Comments

Fractures — — — — — The included trial did not report on
fractures.

Adverse events — — — — — The included trial reported 0 adverse
events in the moderate-dose vitamin D
arm, but did not report on the placebo
arm.

Vitamin D status

The achieved 25OHD level
in ng/mL

Follow-up: 3 months

The mean
achieved
25OHD level
was 23.2 (SD
10.3) ng/mL

The mean achieved
25OHD level was 13.60
ng/mL higher (95%
CI 7.94 higher to 19.26
higher)

— 79 (1) ⊕⊕⊝⊝

Lowb

—

All-cause mortality — — — — — The included trial did not report on
mortality

Bone density changes — — — — — The included trial did not report on
bone density changes

Secondary hyper-
parathyroidism

The achieved PTH level in
pg/mL

The mean
achieved PTH
level was 50.9
(SD 24.3) pg/mL

The mean achieved
PTH level was 6.60
pg/mL lower (95%
CI 17.12 lower to 3.92
higher)

— 79 (1) ⊕⊕⊝⊝

Lowc

—
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Follow-up: 3 months

Health-related quality of
life

— — — — — The included trial did not report on
health-related quality of life

Muscle strength — — — — — The included trial did not report on
muscle strength

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

25OHD: 25-hydroxyvitamin D; CI: confidence interval; IU: international unit; PTH: parathyroid hormone; SD: standard deviation.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aAssumed risk was derived from the event rates in the comparator groups.
bDowngraded two levels for imprecision: one single study and wide confidence interval.
cDowngraded two levels for imprecision: one single study and wide confidence interval that included harm and benefit.
 
 

Summary of findings 2.   High-dose vitamin D (greater than 3500 IU/day) plus calcium versus moderate-dose vitamin D (600 IU/day to 3500 IU/day)
plus calcium

Patient or population: people living with obesity who have undergone bariatric surgery

Settings: outpatient

Intervention: high-dose vitamin D (> 3500 IU/day) + calcium

Comparison: moderate-dose vitamin D (600–3500 IU/day) + calcium

Anticipated absolute effects*aOutcomes

Moderate-dose vita-
min D (600–3500 IU/
day) + calcium

High-dose vitamin D (> 3500
IU/day) + calcium

Relative effect
(95% CI)

No of partici-
pants
(trials)

Certainty of
the evidence
(GRADE)

Comments
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Fractures — — — — — No trials reported
on fractures.

Adverse events

Any adverse event as reported
in individual studies

Follow-up: 12 months

0 per 1000 12 per 1000 RR 5.18 (0.23 to
116.56)

81 (2) ⊕⊝⊝⊝

Very lowa

The pooled rel-
ative effect was
based on only 1
study, the other
study could not
be analysed as
it had 0 adverse
events in both
arms.

Vitamin D status

The change in 25OHD in ng/mL

Follow-up: 12 months

The mean change in
25OHD level ranged
from −4.40 ng/mL to
18.30 ng/mL

The mean change in 25OHD
level was 15.55 ng/mL high-
er (95% CI 3.50 higher to 27.61
higher)

— 73 (2) ⊕⊝⊝⊝

Very lowb

—

All-cause mortality 0 per 1000 33 per 1000 RR 3.00

(0.13 to 70.83)

60 (1) ⊕⊝⊝⊝

Very lowa

—

Bone density changes – lum-
bar spine

Change in BMD in g/cm2

Follow-up: 12 months

The mean change at
the lumbar spine BMD
was 0.03 (SD 0.18) g/

cm2

The mean change at the lum-

bar spine BMD was 0.04 g/cm2

lower (95% CI 0.13 lower to
0.05 higher)

— — ⊕⊝⊝⊝

Very lowa

—

Bone density changes – hip

Change in BMD in g/cm2

Follow-up: 12 months

The mean change at
the hip BMD was −0.12

(SD 0.06) g/cm2

The mean change at the hip

BMD was 0.04 g/cm2 higher
(95% CI 0 higher to 0.08 higher)

— 30 (1) ⊕⊝⊝⊝

Very lowa

—

Bone density changes – fore-
arm

Change in BMD in g/cm2

Follow-up: 12 months

The mean change at
the forearm BMD was

−0.01 (SD 0.03) g/cm2

The mean change at the fore-

arm BMD was 0 g/cm2 (95% CI
0.02 lower to 0.02 higher)

— 40 (1) ⊕⊝⊝⊝

Very lowa

—

Secondary hyperparathy-
roidism

Change in PTH level in pg/mL

The mean change in
PTH level ranged from
−25.00 pg/mL to 4.70
pg/mL

The mean change in PTH level
was 2.15 pg/mL lower (95% CI
21.31 lower to 17.01 higher)

— 72 (2) ⊕⊝⊝⊝

Very lowa

—
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Follow-up: 12 months

Health-related quality of life — — — — — None of the tri-
als reported on
health-related
quality of life.

Muscle strength — — — — — None of the trials
reported on mus-
cle strength.

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

25OHD: 25-hydroxyvitamin D; BMD: bone mineral density; CI: confidence interval; IU: international unit; PTH: parathyroid hormone; RR: risk ratio; SD: standard deviation.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aAssumed risk was derived from the event rates in the comparator groups.
bDowngraded three levels because of high risk of bias (one level) and imprecision (two levels, wide confidence interval including harm and benefit).
cDowngraded three levels because of high risk of bias (one level), inconsistency (one level), and imprecision (one level, wide confidence interval).
 

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

B A C K G R O U N D

Description of the condition

Obesity is a worldwide problem associated with a significant
medical and economic burden (Cawley 2021; Imes 2014; Ward
2021). Analysis of obesity trends in adults in the USA shows an
increase in obesity rates from 35% in 2011 to 2012, to 43% in 2017
to 2018, based on the National Health and Nutrition Examination
Survey (NHANES) data (Ogden 2014; Liu 2021). Obesity rates
have been increasing worldwide, in both high-income and low-
and middle-income countries (Chong 2023; Fan 2022), worsened
lately during and aSer the Coronavirus disease 2019 (COVID-19)
pandemic (Halpern 2020; Restrepo 2022; Stefan 2021). Obesity
results in significant health problems and serious comorbidities,
including obstructive sleep apnoea, hypertension, coronary artery
disease, diabetes mellitus, and the metabolic syndrome (Guh
2009), which increase in parallel to body mass index (BMI) (Kivimaki
2022), and eventually lead to increased mortality (Xu 2018). The risk
is further increased in people with morbid obesity (Ghanta 2017).

Non-surgical weight loss interventions, such as lifestyle
modifications and pharmacotherapy, result in modest weight
loss compared to surgical procedures (Colquitt 2014; Garvey
2016; Jensen 2014; McTigue 2003; Mechanick 2020). Bariatric
surgery is the most eMective long-term measure for weight
loss, regardless of the type of surgical procedure (Chang 2014;
Colquitt 2014; Mechanick 2020). It was considered appropriate
for people with a BMI of 40 kg/m2 or greater in the absence of
comorbidities, or if BMI was 35 kg/m2 or greater in the presence of a
serious cardiovascular, metabolic, respiratory, and gastrointestinal
comorbidity or impaired quality of life, that are expected to
improve with weight loss (Mechanick 2013; Mechanick 2020).
The indications for bariatric surgery have been recently revised
(Eisenberg 2022). Bariatric surgery is currently indicated in people
with a BMI of 35 kg/m2 or greater regardless of the presence or
absence of comorbidities, and people with BMI of 30 kg/m2 or
greater in the presence of metabolic disorders (Eisenberg 2022). In

addition to weight loss, bariatric surgery demonstrated significant
short- and long-term improvement in health-related quality of
life and various metabolic and cardiovascular outcomes, including
type 2 diabetes mellitus, hypertension, and dyslipidaemia (Chang
2014; Colquitt 2014; Kwok 2014; Schauer 2014). Furthermore, a
meta-analysis of observational studies showed a 50% decrease
in mortality in people undergoing bariatric surgery, compared to
people in the control groups, over a follow-up period of two to 14.7
years (Kwok 2014).

Bariatric surgeries are classified into restrictive, malabsorptive,
and combination procedures, although this classification is
arbitrary and lacks scientific validation (Sawaya 2012) (Figure
1). Restrictive procedures reduce energy intake by limiting the
stomach capacity and volume, using a synthetic band distal to
the gastro-oesophageal junction in the laparoscopic adjustable
gastric banding or by stapling the stomach in the vertical banded
gastroplasty. Similarly, sleeve gastrectomy, where two-thirds of the
stomach along the greater curvature are resected, is considered
a restrictive procedure (Sawaya 2012). Malabsorptive procedures
reduce caloric intake by decreasing food absorption, achieved
by surgically bypassing various areas of the intestine, as in the
duodenal switch, biliopancreatic diversion, and the jejunoileal
bypass (Sawaya 2012). The Roux-en-Y gastric bypass is considered a
combination procedure, characterised by decreasing the stomach
size and creating a Roux limb that bypasses some areas of the small
bowel (Colquitt 2014; Sawaya 2012). The mini or one anastomosis
gastric bypass, and the single anastomosis duodeno-ileostomy
are newer malabsorptive procedures with potentially lower risk
for complications compared to the traditional procedures (Nuzzo
2021). Several hormonal changes follow sleeve gastrectomy, Roux-
en-Y gastric bypass, and biliopancreatic diversion, such as a drop
in circulating ghrelin levels, an orexigenic hormone, and a rise in
glucagon-like peptide-1, a gut hormone that potentiates insulin
production (Hage 2012; Valverde 2005). These changes contribute
to the weight loss and to the improvement in insulin resistance
and glucose metabolism postoperatively (Hage 2012; Lee 2011;
Valverde 2005).
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Figure 1.   a. Laparoscopic banding
b. Gastric sleeve
c. Roux-en-Y gastric bypass Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©
2005-2015. All Rights Reserved.

 
Acute and late complications following bariatric surgery have
been widely described. These include peri-operative comorbidities,
nutritional deficiencies, and metabolic and gastrointestinal
complications (Colquitt 2014; Sawaya 2012; Shikora 2007).
Macro- and micronutrient deficiencies are common and depend
mainly on the type of surgical procedure as well as the
preoperative vitamin and mineral status (Saltzman 2013). Although
malabsorptive procedures are associated with the highest risk,
nutrient deficiencies can complicate all types of bariatric surgery
(Shikora 2007). Vitamin B12, folate, and iron deficiency are the most

common deficiencies following bariatric surgery (Sawaya 2012).
Deficiencies in vitamins B1, B2, and C, and biotin have been also

reported (Bal 2012). Fat-soluble vitamin malabsorption frequently
occurs following malabsorptive and combination bariatric surgery
procedures (Sawaya 2012). One cohort study showed that vitamin
A and K deficiencies occur in 50% to 69% of people at one
to four years following biliopancreatic diversion or duodenal
switch (Slater 2004). Vitamin D and calcium malabsorption have
been extensively described following restrictive and malabsorptive
procedures (Bal 2012; Sawaya 2012). Vitamin D deficiency also
seems to be common following the newer procedures, such as
one anastomosis gastric bypass and single anastomosis duodeno-
ileostomy, although the evidence is still limited to small and short-

term studies (Komaei 2019). Some causes of vitamin D deficiency
are directly related to obesity, such as a sedentary lifestyle,
decreased sun exposure (Vanlint 2013), vitamin D sequestration
in adipose tissue (Wortsman 2000), and altered vitamin D
metabolism (Wamberg 2012). Other causes are related to the
malabsorptive and combination procedure per se, resulting in
fat malabsorption (Shikora 2007). In addition, limited intake of
dairy products due to dietary intolerance and non-adherence to
multivitamin supplementation concur to worsen hypovitaminosis
D, even in isolated gastric procedures (Saltzman 2013; Shikora
2007). Finally, hypoalbuminaemia, reflecting protein malnutrition,
occurs in 3% to 18% of people undergoing biliopancreatic
diversion and duodenal switch (Bal 2012). Therefore, clinical
practice guidelines for bariatric surgery recommend prophylactic
postoperative supplementation with multivitamins and minerals,
including calcium, vitamin D, iron, thiamin, vitamin B12, folate,

vitamin A, and in specific conditions, vitamin B1, copper, zinc, and

selenium (Fried 2014; Heber 2010; Mechanick 2013).

Description of the intervention

Vitamin D is a fat-soluble vitamin. The skin constitutes its major
source, and few foods, such as cod liver, salmon, and other seafood,
naturally contain vitamin D (Holick 2005). The 25-hydroxyvitamin D
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(25OHD) level is the best indicator of vitamin D status and results
from liver hydroxylation (Holick 2005). The active form of vitamin
D, 1,25 dihydroxyvitamin D (1,25(OH)2D), results from additional

1α-hydroxylation at the level of the kidneys; 1,25(OH)2D interacts

with the intranuclear vitamin D receptor and is responsible for
the biological eMects of vitamin D (Holick 2005). Vitamin D has
been classically known to be responsible for maintaining calcium
haemostasis through stimulation of intestinal calcium absorption
and bone resorption (Holick 2005). High parathyroid hormone
levels, low calcium, and low phosphate are potent stimulators of
vitamin D renal hydroxylation (Holick 2005).

Vitamin D supplements are available in diMerent forms, such as
ergocalciferol (D2) or cholecalciferol (D3), or the hydroxylated

forms: calcidiol (25OHD) and calcitriol (1,25(OH)2D). Enteral and

parenteral preparations are available without prescription. Various
dosing regimens have been assessed. Daily, weekly, and monthly
regimens are almost equivalent in terms of increasing serum
25OHD levels (Ish-Shalom 2008), whereas less frequent dosing
is suboptimal (Kearns 2014). Various supplementation regimens
have been assessed in observational studies conducted on people
who have had bariatric surgery, ranging from equivalent doses
of 200 international units (IU)/day to 28,000 IU/day, with variable
improvements in vitamin D status (De Luis 2013; Hewitt 2013;
Manco 2005; Petersen 2016). Supplementation with high doses of
vitamin D has been recommended in adults with obesity, people
with malabsorption (Holick 2011), and people undergoing bariatric
surgery (Holick 2011; Mechanick 2013; Mechanick 2020).

Despite the controversy in defining the optimal vitamin D level
(El Hajj Fuleihan 2015; Giustina 2020; Holick 2011; Ross 2011),
randomised controlled trials (RCT) of vitamin D supplementation
showed improved muscle function, decreased fractures (hip and
non-vertebral fractures), and decreased falls with doses of 800 IU/
day or greater in at-risk individuals (BischoM-Ferrari 2009; BischoM-
Ferrari 2012; Chakhtoura 2022b). In addition to the classic eMects of
vitamin D supplementation on skeletal health, extraskeletal eMects
have been elucidated, given the wide expression of vitamin D
receptors and 25(OH)D3-1α-hydroxylase in various tissues (Norman
2010). Therefore, a possible protective eMect of vitamin D in
multiple diseases has been suggested, including diabetes mellitus
(Mitri 2014), autoimmune diseases (Souberbielle 2010), cancer
(Bjelakovic 2014a), cardiovascular diseases (Zittermann 2014a),
brain and mental health (Holick 2015), neonatal and maternal
outcomes (Hyppönen 2014; Weinert 2015), and even mortality
(Bjelakovic 2014b).

Adverse e?ects of the intervention

Although the upper limit of vitamin D intake in adults, defined by
the Institute of Medicine, is 4000 IU/day, doses up to 10,000 IU/
day have been used over weeks to months without evidence of
adverse events. The risk of vitamin D toxicity appears only when
the 25OHD level becomes higher than 100 ng/mL to 150 ng/mL
(Bouillon 2013; Holick 2005; Vieth 2007). At such high levels, the
buMering eMect of vitamin D binding protein is exceeded, therefore,
leading to increased free 1,25(OH)2D levels (Vieth 2006; Vieth 2007).

Symptoms of vitamin D toxicity are related to hypercalcaemia
and hypercalciuria, including gastrointestinal symptoms, loss of
appetite, polyuria, polydipsia, and kidney stones (Alshahrani 2013).

How the intervention might work

Several studies have assessed the relationship between vitamin
D dose and response. In individuals without obesity, the increase
in 25OHD in response to vitamin D supplementation per 1 μg/
day of supplementation (equivalent to 40 IU/day) varied from
0.37 ng/mL in postmenopausal women at a high latitude (Boston,
USA) (Holick 2008) to 0.7 ng/mL in young men at a high latitude
(Omaha, USA) (Heaney 2003), and reached 1.2 ng/mL in elderly
women in France (Chapuy 1992). This increment tends to reach a
plateau with high doses (Cashman 2011; Gallagher 2013). In fact,
multiple variables influence the 25OHD levels reached following
supplementation, including baseline vitamin D status, age, and
vitamin D supplementation type, dose, and duration (Autier 2012;
Cashman 2011; Shab-Bidar 2014). In addition, BMI significantly
aMects the vitamin D dose–response curve, whereby, even with high
doses, the increment in 25OHD level barely achieves 0.2 ng/mL/
mcg in adults with obesity (Drincic 2012; Wamberg 2013).

Several reviews have addressed bone changes following bariatric
surgery (Hage 2014; Yu 2014a). Although the drop in bone mineral
density detected aSer bariatric surgery may, in part, be artefactual
and related to weight loss rather than the bone loss per se,
volumetric bone mineral density assessment using quantitative
computed tomography showed significant drops in spine bone
mineral density (Saad 2020; Yu 2014b). In addition to surgery
type, the degree of weight loss and the eMect of changes in
various hormones aMecting bone metabolism, vitamin D deficiency
plays a pivotal role in bone changes following weight-loss surgery
(Hage 2014; Scibora 2012). Although multiple observational studies
showed significant bone loss despite vitamin D supplementation,
dosing regimen and patients' compliance remain major limitations
preventing the achievement of a desirable 25OHD level and
confounding the bone mineral density results in these studies
(Scibora 2012).

Vitamin D deficiency is commonly accompanied by secondary
hyperparathyroidism in people who have had bariatric surgery
(Ybarra 2005; Youssef 2007). In addition to serum 25OHD levels,
age and ethnic origin are other risk factors, further complicating
metabolic bone disease following bariatric surgery (Youssef 2007).
Indeed, vitamin D supplementation postoperatively is expected to
reduce the rate of secondary hyperparathyroidism (Flores 2015).

Osteomalacia presenting with the typical symptoms of bone pain
and tenderness, myalgia, proximal muscle weakness, diMiculty
walking, and stooping posture, is a less common complication
of various malabsorptive weight loss surgeries and requires
aggressive vitamin D replacement (Al-Shoha 2009; Bhan 2010;
Collazo-Clavell 2004).

The extraskeletal manifestations of vitamin D deficiency in bariatric
surgery have not been well established. One study from Italy
found no significant association between 25OHD level and insulin
sensitivity following biliopancreatic diversion (Manco 2005).

Why it is important to do this review

Vitamin D deficiency following bariatric surgery results in an
increased risk of hypocalcaemia, secondary hyperparathyroidism,
and bone loss (Hage 2014; Stein 2014; Yu 2014a). Therefore,
vitamin D replacement seems to be crucial in this specific
population as it is expected to remedy disturbances in mineral
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metabolism and possibly other complications. Major professional
societies, including the Endocrine Society (Heber 2010), the
American Association of Clinical Endocrinologists, the Obesity
Society, the American Society for Metabolic & Bariatric Surgery
(Mechanick 2013), the ASMBS update in 2021 (Kim 2021), and
the Interdisciplinary European Guidelines (Fried 2014), have
all recommended vitamin D supplementation as part of the
postoperative care of people who have had bariatric surgery. The
Endocrine Society recommends 50,000 IU of vitamin D one to
three times weekly (Heber 2010). The American Association of
Clinical Endocrinologists/the Obesity Society/American Society for
Metabolic & Bariatric Surgery guidelines recommend vitamin D
3000 IU/day to 6000 IU/day, with titration until reaching a 25OHD
level of 30 ng/mL (Kim 2021; Mechanick 2013). The dose increases
to 50,000 IU one to three times daily in case of severe malabsorption
(Heber 2010; Mechanick 2013). The Endocrine Society recommends
titrating the dose according to bone markers and bone density
(Heber 2010). These recommendations were based on expert
opinion rather than an evidence-based systematic review of the
available prospective interventional and RCTs.

Few previous systematic reviews assessed the eMects of vitamin
D supplementation following bariatric surgery on vitamin D status
and other skeletal parameters (Li 2018; Mokhtari 2022; Petersen
2016). However, these reviews included both observational and
interventional studies. One concluded that a vitamin D dose above
2850 IU/day is associated with a significant change in 25OHD level
(Mokhtari 2022). However, it considered trials with co-interventions
that diMered between treatment arms, and this might have aMected
the eMect of the intervention on skeletal and mineral outcomes.

Considering the substantial repercussions of hypovitaminosis D
on mineral and skeletal metabolism, the current knowledge gap,
and the availability of RCTs, a systematic review and meta-
analysis is pressing. This systematic review presents the evidence
regarding vitamin D supplementation in people undergoing
bariatric surgery and various musculoskeletal parameters, in
addition to mortality and quality of life. The results help inform
and update vitamin D replacement guidelines in this specific
population, and underscores the important knowledge gap.

O B J E C T I V E S

To compare the eMects of diMerent doses of vitamin D
supplementation (low dose (less than 600 IU/day), moderate dose
(600 IU/day to 3500 IU/day), high dose (greater than 3500 IU/day))
to each other or to placebo in adults living with obesity undergoing
bariatric surgery.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We planned to include RCTs and controlled clinical trials (CCT) with
vitamin D supplementation for at least three months and a follow-
up duration of at least three months.

Types of participants

We included people with obesity who had undergone
bariatric surgery. The original American Association of Clinical

Endocrinologists, the Obesity Society, and the ASMBS indications
for bariatric surgery were as follows (Mechanick 2013).

• BMI 40 kg/m2 or greater

• BMI 35 kg/m2 or greater with one or more comorbidities
related to obesity such as type 2 diabetes mellitus,
hypertension, dyslipidaemia, obstructive sleep apnoea, obesity
hypoventilation syndrome, non-alcoholic fatty liver disease
or non-alcoholic steatohepatitis, pseudo tumour cerebri,
gastro-oesophageal reflux disease, asthma, venous stasis
disease, severe urinary incontinence, debilitating arthritis, or
considerably impaired quality of life

In 2022, the ASMBS and International Federation for the Surgery
of Obesity and Metabolic Disorders revised their recommendations
and the new indications for bariatric surgery are as follows
(Eisenberg 2022).

• BMI 35 kg/m2 or greater regardless of the presence or absence
of comorbidities

• BMI 30 kg/m2 or greater in the presence of diabetes mellitus, and
in those who do not lose substantial weight or do not improve
obesity-related comorbidities with non-surgical approaches

We excluded the following types of participants.

• People undergoing bypass surgery for malignancy

• People with chronic illnesses (chronic kidney disease, chronic
liver disease other than non-alcoholic steatohepatitis, heart
failure, or malabsorption prior to bariatric surgery)

• Participants receiving drugs that interfered with vitamin D
metabolism (steroids, antifungals, or anticonvulsants)

Types of interventions

We planned to investigate the following comparisons of
intervention versus control/comparator.

Intervention

• Vitamin D (D2 or D3) of any dose; given orally; as daily, weekly, or

monthly supplementation; initiated presurgery or immediately
postsurgery; for a duration of at least three months

• Vitamin D (as described above) plus calcium or other vitamins

Comparator

• Placebo alone or concomitantly with another therapy (calcium
or other vitamins) compared with vitamin D or vitamin D plus
calcium or other vitamins

• Various doses of vitamin D (alone or concomitantly with other
therapy, as described under 'Interventions') compared to one
another

Concomitant interventions had to be the same in the intervention
and comparator groups to establish fair comparisons.

We defined vitamin D dose categories as follows.

• Low dose (less than 600 IU/day)

• Moderate dose (600 IU/day to 3500 IU/day)

• High dose (greater than 3500 IU/day)
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A vitamin D dose of 600 IU/day is the dose recommended by
the Institute of Medicine for the general adult population (IOM
2011). A vitamin D dose of 3500 IU/day is an intermediate dose
between the vitamin D supplementation dose recommended
by the American Association of Clinical Endocrinologists/the
Obesity Society/American Society for Metabolic & Bariatric Surgery
for people undergoing bariatric surgery, which is 3000 IU/day
(Mechanick 2013), and the tolerable upper intake level of vitamin
D recommended by the Institute of Medicine of 4000 IU/day (IOM
2011). Noteworthy, the aforementioned tolerable upper intake
level of vitamin D was determined in the general population and not
specifically in the population with bariatric surgery.

Exclusion criteria

We excluded studies where the intervention consisted of the
following.

• Biologically active vitamin D (calcitriol)

• Parenteral vitamin D administration (intramuscular, topical)

• Vitamin D administration given at a frequency of less than once
a month

• Vitamin D administration for less than three months

• Vitamin D supplementation as fortified food

Types of outcome measures

We prespecified clinically relevant outcomes considered in RCTs
and controlled clinical trials of vitamin D replacement in adults with
obesity undergoing bariatric surgery. By comparing two vitamin D
dose categories (low versus high, low versus moderate, moderate
versus high) or any vitamin D dose category versus placebo, we
planned to assess the following outcomes.

Primary outcomes

• Fractures: defined as the proportion of participants who
experience any low trauma fracture, with or without
adjudication, depending on the trials.

• Adverse events: defined as the total incidence of adverse events
(hypercalcaemia, hypercalciuria, kidney stones, gastrointestinal
symptoms, or any other adverse event reported in trials).
◦ Specific adverse events specified as:

▪ hypercalcaemia incidence defined as the proportion of
participants who had a serum calcium level above the
upper limit of normal;

▪ hypercalciuria incidence defined as the proportion of
participants who had a 24-hour urine collection of calcium
greater than 250 mg in women and greater than 300 mg in
men (Hodgkinson 1958) or greater than 4 mg/kg in both
sexes (Coe 1977);

▪ nephrolithiasis incidence defined as the proportion of
participants who experience a kidney stone clinically or
radiologically;

▪ gastrointestinal symptoms incidence defined as the
proportion of participants who experience constipation,
anorexia, nausea, vomiting, or epigastric pain.

Secondary outcomes

• Vitamin D status: measured by 25OHD level, using automated
or manual 25OHD, competitive protein-binding assays, and
immunoassays.

• All-cause mortality: defined as mortality from any cause.

• Bone density change: defined as a decrease or increase in bone
mineral density at the hip, lumbar spine, or forearm, measured
by dual-energy x-ray absorptiometry scan. The diMerence in
bone change between two treatment arms was considered
significant if it exceeded the least significant change defined in
each study, depending on the precision of each bone mineral
density testing facility. When such information was lacking,
the change in bone density was considered significant when it
exceeded 5% at the lumbar spine, 5% at the total hip, and 6.9%
at the femoral neck (Baim 2008).

• Secondary hyperparathyroidism: assessed by parathyroid
hormone level and defined as a parathyroid hormone level
above the upper limit of normal, according to each assay.

• Health-related quality of life: evaluated by a validated
instrument such as the Centers for Disease Control and
Prevention (CDC) Health-Related Quality of Life Questionnaire.

• Muscle strength: measured by hand grip or jump height.

Timing of outcome measurement

• Vitamin D status, bone density change, secondary
hyperparathyroidism, muscle strength: at any time point aSer
three months postoperatively.

• Adverse events, fractures, all-cause mortality, health-related
quality of life: at any time postoperatively.

Search methods for identification of studies

Electronic searches

We searched the following sources from inception of each database
to the date of search listed below and placed no restrictions on the
language of publication or publication status.

• Cochrane Central Register of Controlled Trials (CENTRAL) via the
Cochrane Library (2023, Issue 6)

• MEDLINE (Ovid MEDLINE and Epub Ahead of Print, In-Process,
In-Data-Review & Other Non-Indexed Citations and Daily 1946 to
26 June 2023; last searched 27 June 2023)

• Embase (Embase 1974 to 2015 August 13; last searched 14
August 2015)

• PubMed (records not available in MEDLINE; last searched 14
August 2015)

• LILACS (Latin American and Caribbean Health Science
Information database) (last searched 27 June 2023)

• ClinicalTrials.gov (www.clinicaltrials.gov; last searched 27 June
2023)

• World Health Organization International Clinical Trials Registry
Platform (ICTRP) (trialsearch.who.int/; last searched 27 June
2023)

For detailed search strategies, see Appendix 1.

Searching other resources

We searched for other potentially eligible studies or ancillary
publications by checking the reference lists of included studies,
systematic reviews, meta-analyses, and health technology
assessment reports. In addition, we planned to contact the
authors of included studies to obtain additional information on
the retrieved studies and establish whether we may have missed
further data.
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We did not use abstracts or conference proceedings for data
extraction unless full data were available from study authors
because this information source does not fulfil the CONSORT
requirements, which consist of an evidence-based, minimum set of
recommendations for reporting randomised trials (CONSORT 2018;
Scherer 2018).

Data collection and analysis

Selection of studies

Two review authors (MC, NN) independently screened the abstract,
title, or both, of every record retrieved by the literature searches.
We obtained the full text of all potentially relevant records. We
resolved disagreements through consensus or by recourse to a
third review author (GEF). If we could not resolve a disagreement,
we planned to categorise the study as awaiting classification and
contact the study authors for clarification. We presented a PRISMA
flow diagram to show the process of study selection (Page 2021).
We listed all articles excluded aSer full-text assessment in the
Characteristics of excluded studies table and provided the reasons
for exclusion (Page 2021).

Data extraction and management

For studies that fulfilled the inclusion criteria, two review authors
(MC, NN) independently extracted key participant and intervention
characteristics. We reported data on eMicacy outcomes and adverse
events using standard data extraction templates supplied by the
Cochrane Metabolic and Endocrine Disorders Group. We resolved
any disagreements by discussion or, if required, by consulting
a third review author (GEF). For details, see Characteristics of
included studies table; Table 1; Appendix 2; Appendix 3; and
Appendix 4.

We emailed all authors of included studies to enquire whether they
were willing to answer questions regarding their trials. ThereaSer, if
required, we sought relevant missing information on the trial from
the primary author(s) of the article.

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents, or
multiple reports of a primary trial, we maximised the information
yield by collating all available data, and we used the most
complete dataset aggregated across all known publications. We
listed duplicate publications, companion documents, multiple
reports of a primary trial, and trial documents of included trials
(such as trial registry information) as secondary references under
the study ID of the trial.

Data from clinical trial registers

If data from included trials were available as study results in clinical
trial registers such as ClinicalTrials.gov or similar sources, we made
full use of this information and extracted the data. If there was also
a full publication of the trial, we planned to collate and critically
appraise all available data.

Assessment of risk of bias in included studies

Two review authors (MC, NN) independently assessed the risk
of bias of each included study. We resolved disagreements by
consensus or by consultation with a third review author (GEF). We
assessed the following domains.

• Random sequence generation (selection bias)

• Allocation concealment (selection bias)

• Blinding of participants and personnel (performance bias)

• Blinding of outcome assessment (detection bias)

• Incomplete outcome data (attrition bias)

• Selective reporting (reporting bias)

• Other potential sources of bias

We judged the risk of bias domains as 'low risk', 'high risk',
or 'unclear risk'. We further summarised the risk of bias across
domains for each outcome in each included study, as well as
across studies and domains for each outcome described according
to the guideline from the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). If adequate information
was unavailable from the study publications, study protocols, or
other sources, we contacted the study authors to request missing
data on risk of bias items. We presented a risk of bias summary
figure to illustrate these findings.

We distinguished between self-reported and investigator-assessed
and adjudicated outcome measures.

We considered the following self-reported outcomes:

• adverse events, reported by participants;

• health-related quality of life;

• muscle strength, measured by participants.

We considered the following outcomes to be investigator-assessed:

• fractures;

• adverse events, evaluated by study personnel;

• vitamin D status;

• bone density change;

• all-cause mortality;

• secondary hyperparathyroidism;

• muscle strength, measured by study personnel.

Risk of bias for a study across outcomes

Some risk of bias domains, such as selection bias (sequence
generation and allocation sequence concealment), aMect the risk
of bias across all outcome measures in a study. In case of a high
risk of selection bias, we marked all endpoints investigated in
the associated study as being at high risk. Otherwise, we did
not perform a summary assessment of the risk of bias across all
outcomes for a study.

Risk of bias for an outcome within a study and across domains

We assessed the risk of bias for an outcome measure by including
all entries relevant to that outcome (i.e. both study-level entries
and outcome-specific entries). We considered low risk of bias to
denote a low risk of bias for all key domains, unclear risk to denote
an unclear risk of bias for one or more key domains, and high risk
to denote a high risk of bias for one or more key domains.

Risk of bias for an outcome across studies and across domains

These are the main summary assessments that we incorporated
into our judgements about the certainty of evidence in the
summary of findings tables. We defined outcomes at low risk of
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bias when most information came from studies at low risk of bias,
unclear risk when most information came from studies at low or
unclear risk of bias, and high risk when a suMicient proportion of
information came from studies at high risk of bias.

Measures of treatment e?ect

When at least two studies were available for a comparison
(comparing two vitamin D dose categories or a vitamin D
dose category to placebo) for a given outcome, we expressed
dichotomous data as risk ratios (RRs) with 95% confidence intervals
(CIs), continuous data as mean diMerences (MDs) with 95% CIs, and
time-to-event data as hazard ratios (HRs) with 95% CIs.

We had planned to conduct a meta-regression using the SPSS or
STATA soSware, if at least 10 eligible studies were identified for a
given comparison (SPSS SoSware; STATA SoSware). Accordingly,
we planned to establish a dose–response curve of vitamin D
supplementation in participants undergoing bariatric surgery,
taking into consideration several covariates that aMect the vitamin
D level following supplementation.

Unit of analysis issues

We planned to take into account the level at which randomisation
occurred, such as multiple observations for the same outcome. If
more than one comparison from the same study was eligible for
inclusion in the same meta-analysis, we planned to either combine
groups to create a single pair-wise comparison, or appropriately
reduce the sample size so that the same participants did not
contribute data to the meta-analysis more than once (splitting
the 'shared' group into two or more groups). Although the latter
approach oMers some solution for adjusting the precision of
the comparison, it does not account for correlation arising from
inclusion of the same set of participants in multiple comparisons
(Higgins 2019).

Dealing with missing data

If possible, we obtained missing data from study authors, and
carefully evaluated important numerical data such as screened,
randomised participants as well as intention-to-treat, and as-
treated and per-protocol populations. We investigated attrition
rates (e.g. dropouts, losses to follow-up, withdrawals), and critically
appraised issues concerning missing data and imputation methods
(e.g. last observation carried forward).

Where means and standard deviations (SD) for outcomes were not
reported and we had not received the needed information from
study authors, we imputed these values by estimating the mean
and variance from the median, range, and the size of the sample
(Hozo 2005), or by assuming the SD of the missing outcome to be
the mean of the SD from those studies where this information was
reported.

We planned to investigate the impact of imputation on meta-
analyses by performing sensitivity analysis using the methods
suggested in previous papers (Ebrahim 2013; Ebrahim 2014).

Assessment of heterogeneity

In the event of substantial clinical or methodological heterogeneity
(Higgins 2002), we did not report study results as the pooled eMect
estimate in a meta-analysis (Borenstein 2017a; Borenstein 2017b).
We took into account a visual examination of the variability in

point estimates and the overlap in CIs. We used the I2 statistic
to estimate the degree of heterogeneity present among the trials
in each analysis (Higgins 2003; Higgins 2009). If we identified
substantial unexplained heterogeneity, we reported it and explored
possible causes by prespecified subgroup analysis. We used the
approximate guide to interpretation as outlined in Chapter 10 of the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2022), as follows:

• 0% to 40%: might not be important;

• 30% to 60%: may represent moderate heterogeneity;

• 50% to 90%: may represent substantial heterogeneity;

• 75% to 100%: considerable heterogeneity.

We avoided the use of absolute cut-oM values but interpreted the
I2 statistic in relation to the size and direction of eMects and the

strength of evidence for heterogeneity (e.g. P value from the Chi2

test or CI for the I2 statistic).

Assessment of reporting biases

If we included 10 studies or more investigating a particular
outcome, we planned to use funnel plots to assess small-
study eMects. Several explanations may account for funnel plot
asymmetry, including true heterogeneity of eMect with respect
to trial size, poor methodological design (and hence bias of
small studies) and publication bias (Sterne 2017). Therefore, we
interpreted the results carefully (Sterne 2011).

Data synthesis

We planned to undertake a meta-analysis only if we judged the
participants, interventions, comparisons, and outcomes to be
suMiciently similar to ensure a result that was clinically meaningful.
Unless good evidence showed homogeneous eMects across studies
of diMerent methodological quality, we primarily summarised
data using a random-eMects model (Wood 2008; Riley 2011). We
interpreted random-eMects meta-analyses with consideration for
the whole distribution of eMects and presented CIs. We performed
statistical analyses according to the statistical guidelines presented
in the Cochrane Handbook for Systematic Reviews of Interventions
(Deeks 2022).

Subgroup analysis and investigation of heterogeneity

We expected the following characteristics to introduce clinical
heterogeneity and planned to carry out subgroup analyses with the
investigation of interactions (Altman 2003).

• BMI class (40 kg/m2 or less or greater than 40 kg/m2)
preoperatively.
◦ Bodyweight is one of the predictors of the response to

vitamin D supplementation (Zittermann 2014b).

• Baseline 25OHD level (10 ng/mL or less versus greater than 10
ng/mL).
◦ Lower 25OHD levels at baseline respond better to vitamin

D supplementation compared to higher levels (Autier 2012;
Shab-Bidar 2014).

• Type of bariatric surgery (restrictive versus malabsorptive).
◦ Nutrient deficiencies are more common in malabsorptive

procedures compared to restrictive procedures, secondary
to bypassing regions of the small intestine, diverting
biliopancreatic secretions or both, which would result in
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various macronutrient and micronutrients malabsorption
(Sawaya 2012).

Sensitivity analysis

We planned to perform sensitivity analyses to explore the influence
of the following factors (when applicable) on eMect sizes by
restricting the analysis to the following.

• EMect of risk of bias, as specified in the Assessment of risk of bias
in included studies section.

Summary of findings and assessment of the certainty of the
evidence

We presented the overall certainty of the evidence for each
outcome specified below, according to the GRADE approach, which
takes into account issues related to internal validity (overall risk
of bias, inconsistency, imprecision, publication bias) and external
validity (such as directness of results) (Schünemann 2022). Two
review authors (MC, NN) independently rated the certainty of
the evidence for each outcome. We resolved any diMerences in
assessment by discussion or by consultation with a third review
author (GEF).

We presented a summary of the evidence in summary of
findings tables. These provided key information about the best
estimate of the magnitude of eMect, in relative terms and as
absolute diMerences for each relevant comparison of alternative
management strategies; the numbers of participants and studies
addressing each important outcome; and a rating of overall
confidence in eMect estimates for each outcome. We created
the summary of findings tables using the methods described in
the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2022), along with Review Manager soSware (RevMan
2024) and GRADEpro GDT soSware (GRADEpro GDT).

If a meta-analysis was not possible, we presented the results
in a narrative format in the summary of findings tables. We
justified all decisions to downgrade the certainty of the evidence
using informative footnotes and we used GRADE guidelines for
informative statements (Santesso 2016; Santesso 2020).

We created summary of findings tables with the following
outcomes.

• Fractures

• Adverse events

• Vitamin D status

• All-cause mortality

• Bone density change

• Secondary hyperparathyroidism

• Health-related quality of life

• Muscle strength

R E S U L T S

Description of studies

Results of the search

The search strategy, initially in 2015, and updated in June
2023, yielded 1242 citations aSer removal of duplicates. The
title and abstract screening excluded 1150 non-relevant records
and identified 92 citations for full-text screening, from which we
included five RCTs (Carlin 2009; Goldner 2009; Wolf 2016; Galyean
2022; Cordeiro 2022). We excluded 87 studies, with reasons. There
are no studies awaiting classification and we identified no eligible
ongoing studies. Figure 2 shows the study flow diagram.
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Figure 2.
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Figure 2.   (Continued)
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Included studies

A detailed description of the characteristics of included trials is
presented in Table 1; Characteristics of included studies table;
Appendix 2; and Appendix 3. The following is a succinct overview.

Source of data

We included five trials with 314 participants.

Study design

The five RCTs had a superiority and parallel design, and one was
described as a pilot RCT (Goldner 2009). Four RCTs compared
two study arms, and one RCT compared three arms (Goldner
2009). Three RCTs were conducted between 2009 and 2016 (Carlin
2009; Goldner 2009; Wolf 2016), and two trials did not specify
the study period (Cordeiro 2022; Galyean 2022). The duration of
the intervention ranged between three and 12 months. One study
extended over 24 months (Carlin 2009). However, given the high
dropout of 44% at 24 months, we only included the 12-month data
in the analysis. None of the trials included a run-in period. None
of the trials was stopped prematurely. Four RCTs included single
centres (Cordeiro 2022; Galyean 2022; Goldner 2009; Wolf 2016),
and one RCT did not describe the centre(s) for the recruitment
of participants (Carlin 2009). In two RCTs, the participants and
the investigators were blinded; the intervention and the placebo
supplementation were similar in appearance (Wolf 2016). A third

trial was labelled as double-blind, but there were no details on
the blinding process (Cordeiro 2022). The three other RCTs did
not describe details relevant to the blinding process (Carlin 2009;
Galyean 2022; Goldner 2009).

Settings

Three studies were conducted in the USA (Carlin 2009; Galyean
2022; Goldner 2009), one in Brazil (Cordeiro 2022), and one in
Germany (Wolf 2016).

Trial populations

The trials enrolled 314 participants; 109 participants received a high
dose of vitamin D of 5000 IU/day to 7333 IU/day, with concomitant
calcium supplementation at a dose of 1500 mg/day to 2000 mg/
day. Calcium supplementation was in the form of calcium citrate
in one trial (Galyean 2022) and was not specified in two other
trials (Carlin 2009; Goldner 2009). One hundred and eighty-three
participants received a moderate dose of vitamin D of 800 IU/day to
3200 IU/day with or without concomitant calcium supplementation
at a dose of 1500 mg/day to 2000 mg/day. About 25% to 96% of
participants receiving vitamin D and 56% to 87% of those receiving
placebo completed the study. The individual trial sample sizes
ranged from 41 to 94 participants.
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Participants

In two RCTs, 52% to 100% of the population were white (Carlin
2009; Galyean 2022), while three trials did not describe ethnicity
(Cordeiro 2022; Goldner 2009; Wolf 2016). Most participants were
women in three RCTs (Galyean 2022; Goldner 2009; Wolf 2016).
One RCT enrolled exclusively women (Carlin 2009). One trial did
not report on the gender distribution of participants (Cordeiro
2022). The enrolled participants were middle-aged, with a mean
age ranging from 41 to 51 years (Carlin 2009; Galyean 2022; Goldner
2009; Wolf 2016). Two trials described the comorbidities of the
included participants (Galyean 2022; Wolf 2016). Hypertension
and degenerative diseases were the most common comorbidities
in one trial, reported in two-thirds of the participants (Wolf
2016). The prevalence of diabetes mellitus ranged between 26%
and 50% (Galyean 2022; Wolf 2016). None of the RCTs reported
the baseline glycosylated haemoglobin A1c. One trial reported
obstructive sleep apnoea, which was present in one-third of
participants (Wolf 2016). The other RCTs did not describe any
comorbidities in the enrolled participants (Carlin 2009; Goldner
2009). The mean BMI before bariatric surgery ranged from 43

kg/m2 to 60 kg/m2. The mean baseline 25OHD level ranged
from 15 ng/mL to 20 ng/mL in two RCTs (Carlin 2009; Goldner
2009), and 22 ng/mL to 26 ng/mL in three RCTs (Cordeiro 2022;
Galyean 2022; Wolf 2016). In one trial, bariatric surgery consisted
of sleeve gastrectomy (Wolf 2016). In four RCTs, participants
underwent Roux-en-Y gastric bypass (Carlin 2009; Cordeiro 2022;
Goldner 2009). In one trial, participants underwent malabsorptive
procedures, Roux-en-Y gastric bypass or biliopancreatic diversion
with duodenal switch (Galyean 2022). Calcium, at a dose of 1500
mg/day to 2000 mg/day was the co-intervention in three RCTs
(Carlin 2009; Galyean 2022; Goldner 2009). Four RCTs excluded
participants with renal disease, hyperparathyroidism, or calcium
disorders, or other diseases or medications that might have
aMected calcium levels such as sarcoidosis, granulomatous disease,
malignancy, liver disease (Carlin 2009; Galyean 2022; Goldner
2009), or malabsorption disorder (Cordeiro 2022).

Interventions

The vitamin D supplementation consisted of oral tablets or oily
suspension. One RCT compared three vitamin D doses, 800 IU/
day, 2000 IU/day, and 5000 IU/day (Goldner 2009), and another
one compared two doses of 800 IU/day and 1800 IU/day (Cordeiro
2022). One RCT compared vitamin D to placebo (Wolf 2016). The
vitamin D supplementation consisted of an oily suspension at 3200
IU/day (Wolf 2016). In addition, all participants were advised to
take a multivitamin preparation daily; two-thirds of the participants
increased their vitamin D intake by 200 IU/day and one-third of
participants increased it by 10 IU/day to 20 IU/day (Wolf 2016).
Two RCTs compared vitamin D supplementation of 25,000 IU/week
to 50,000 IU/week (equivalent to 1786 IU/day to 3571 IU/day) to
control (Carlin 2009; Galyean 2022), while all participants received a
standard dose of supplements of vitamin D 800 IU/day (Carlin 2009)
or 2400 IU/day to 4000 IU/day (Galyean 2022). The intervention
duration ranged between three and 12 months.

Calcium was a co-intervention in three RCTs (Carlin 2009; Galyean
2022; Goldner 2009). It consisted of calcium citrate at a dose of 1600
mg/day to 2000 mg/day in one RCT (Galyean 2022), while the other
two RCTs described only the calcium dose as 1500 mg/day to 2000
mg/day (Carlin 2009; Goldner 2009). One trial did not include any
co-interventions (Cordeiro 2022).

Comparisons

Moderate-dose vitamin D (600 IU/day to 3500 IU/day) versus placebo

We identified one study comparing vitamin D 3200 IU/day to
placebo (Wolf 2016). The advice to take an additional multivitamin
preparation daily was not consistently followed by all participants;
two-thirds of participants increased vitamin D intake by 200 IU/day,
and the remaining participants increased it by 20 IU/day to 40 IU/
day (Wolf 2016).

High-dose vitamin D (greater than 3500 IU/day) versus moderate-dose
vitamin D (600 IU/day to 3500 IU/day)

We identified two RCTs comparing moderate-dose to high-dose
vitamin D. One trial compared a dose of 50,000 IU/week plus
an additional vitamin D dose of 800 IU/day to placebo, plus an
additional vitamin D dose of 800 IU/day as a co-intervention for
all participants. Therefore, the total amount of vitamin D was a
moderate dose of vitamin D of 800 IU/day in one arm and 7943 IU/
day in the other arm (Carlin 2009). The second trial included three
arms of which two received a moderate-dose vitamin D of 800 IU/
day and 2000 IU/day and one arm received a high-dose vitamin D
of 5000 IU/day (Goldner 2009). We combined the data derived from
the two moderate-dose arms in the analysis (Goldner 2009).

Two trials were not eligible to be included in our quantitative
analyses. One compared a control group receiving a standard
vitamin D dose of 2400 IU/day to 4000 IU/day to an experimental
group receiving 100,000 IU ergocalciferol every month (equivalent
dose of 3333 IU/day), in addition to the standard dose, with a total
dose of 5733 IU/day to 7333 IU/day (Galyean 2022). It must be
noted that the vitamin D dose recommendations were re-evaluated
during the study and an additional dose of 2000 IU/day was
prescribed if 25OHD level remained less than 30 ng/mL (Galyean
2022). Given that we were unable to know how many participants
received a vitamin D dose less than 3500 IU/day in the standard arm
to be able to account for them in the comparison of a moderate to
high dose, we did not include this trial in our quantitative analysis
(Galyean 2022). The second trial compared two doses of vitamin D
at 800 IU/day and 1800 IU/day, which both fell within the moderate-
dose vitamin D category, and, therefore, this trial was not included
in any of the above comparisons (Cordeiro 2022). The results from
these two trials are described narratively.

Outcomes

None of the RCTs explicitly defined a primary or a secondary
endpoint in the publication. The RCTs stated that their aim was
to assess the eMect of vitamin D supplementation on vitamin D
status, as reflected by 25OHD level (Carlin 2009; Cordeiro 2022;
Galyean 2022; Goldner 2009; Wolf 2016). Wolf 2016 had the trial
protocol published in the German Clinical Trials Registry. The
protocol specified that the primary outcome was 25OHD level,
and the secondary outcomes included other mineral parameters,
anthropometrics, and quality of life (DRKS00007143). The trial
protocol for Cordeiro 2022 was registered on the World Health
Organization Trials Registry (RBR-7jh3jpw). The trial reported on
25OHD level, although this parameter was not prespecified. Three
trials did not have a published protocol (Carlin 2009; Galyean 2022;
Goldner 2009).

All trials reported vitamin D status. Four studies described a
deficiency as a 25OHD level less than 20 ng/mL (Carlin 2009;
Cordeiro 2022; Goldner 2009; Wolf 2016). One RCT defined a normal
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25OHD level as 30 ng/mL to 100 ng/mL following bariatric surgery
(Galyean 2022). One trial defined secondary hyperparathyroidism
as a parathyroid hormone level greater than 75 pg/mL (Carlin 2009),
and another trial as a parathyroid hormone level greater than 65
pg/mL (Wolf 2016).

One trial reported bone density changes (Carlin 2009). Two trials
reported mortality (Carlin 2009; Galyean 2022).

Four trials described adverse events (Carlin 2009; Galyean 2022;
Goldner 2009; Wolf 2016). Two reported no events (Galyean
2022; Wolf 2016), while the other two reported hypercalcaemia,
hypercalciuria, mortality, and other serious adverse events (Carlin
2009; Goldner 2009). Hypercalcaemia was defined as a serum
calcium level greater than 2.63 mmol/L (10.5 mg/dL) (Goldner
2009), and hypercalciuria in spot urine when the calcium/creatinine
ratio was above 0.37 (Goldner 2009). One trial described the quality
of life assessment as one of the objectives in the protocol but did
not report on any related parameters in the publication (Wolf 2016).
No trial reported on fractures or on muscle strength.

Excluded studies

We excluded 87 trials aSer the evaluation of the full-text
publication. The main reasons for exclusion were related to

the study design or the population. For further details, see the
Characteristics of excluded studies table. We excluded 38 studies
as they were not RCTs or CCTs, eight studies as the population
did not include people undergoing bariatric surgery, 11 studies for
a short study duration of less than three months, 16 studies for
ineligible intervention, five studies for diMerent co-interventions,
seven abstracts, and two studies for other reasons.

Studies awaiting classification

No studies are awaiting classification.

Ongoing trials

We did not identify any ongoing trials on vitamin D
supplementation following bariatric surgery.

Risk of bias in included studies

For an overview of the review authors' judgements about each risk
of bias item for individual trials and across all trials, see Figure 3 and
Figure 4. Given the small number of included studies, we could not
assess the risk of publication bias.

 

Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included trials (blank cells indicate that the particular outcome was not measured in some trials).
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Figure 4.   Risk of bias summary: review authors' judgements about each risk of bias item for each included trial
(blank cells indicate that the particular outcome was not measured in some trials)
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Carlin 2009 + ? − − − − − − + + + + ? ? − − − ? +

Cordeiro 2022 + ? ? + + − −

Galyean 2022 − − − − − − − − ? +

Goldner 2009 ? ? − − + + − − ? −

Wolf 2016 ? ? + + + + + + + + + ? +

 
One trial had an unclear risk of bias for the domain of selection bias
and reporting bias, but was at a low risk of bias for other domains
(Wolf 2016). Four trials were at high risk of bias across diMerent
outcome domains, and, except for Cordeiro 2022 had a high risk
for attrition bias (Carlin 2009; Cordeiro 2022; Galyean 2022; Goldner
2009).

Allocation

Randomisation sequence generation

Two RCTs described a computer-generated randomisation
sequence (low risk of bias; Carlin 2009; Cordeiro 2022). Two RCTs
described randomisation (block or stratified) without providing the
methods used to generate the randomisation sequence (unclear
risk of bias; Goldner 2009; Wolf 2016). One RCT described that
participants were "alternately divided" into one group or the other,

and therefore, there was no randomisation sequence generated,
implying a high risk of selection bias (Galyean 2022).

Allocation concealment

Four trials provided no details on allocation concealment (Carlin
2009; Cordeiro 2022; Goldner 2009; Wolf 2016). In one trial,
participants were "alternately divided" into one treatment arm
or the other, implying no allocation concealment (high risk bias;
Galyean 2022). Four RCTs were at unclear risk of selection bias
(Carlin 2009; Cordeiro 2022; Goldner 2009; Wolf 2016).

Blinding

One RCT was blinded and described using a placebo that matched
the intervention, and therefore was at low risk of performance
and detection bias (Wolf 2016). One RCT was blinded, but did
not describe any process to ensure blinding, and therefore was
considered at an unclear risk of performance bias for the vitamin
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D status outcome, but at a low risk of detection bias as vitamin D
status is defined using the measured 25OHD level and is unlikely
to be aMected by the lack of blinding (Cordeiro 2022). One other
RCT did not describe any blinding process nor the administration
of placebo, and was considered at high risk of performance bias
for all the reported outcomes. However, the risk of detection bias
was low for objectively measured parameters including vitamin D
status and secondary hyperparathyroidism, as the eMect estimate
was unlikely to have been aMected by the lack of blinding (Goldner
2009). Similarly, one trial was open label and was considered at high
risk of performance bias for all the measured outcomes, but at a
low risk of detection bias (Carlin 2009). One trial was judged at high
risk of bias given that it was at a high risk of selection bias (Galyean
2022).

Incomplete outcome data

Two RCTs had a low dropout rate of 5% to 10% (Cordeiro 2022)
or 11% to 13% (Wolf 2016). Conversely, three RCTs reported a
high dropout rate varying between 10% and 74%, with a wide
discrepancy between treatment arms and without describing the
reasons for dropout (Carlin 2009; Galyean 2022; Goldner 2009). The
highest dropout rate was reported in Galyean 2022, and reached
74% in the intervention group and 43% in the control group; the
most common reason was missing data due to the lack of an
assessment for vitamin D status at the end of the intervention. The
dropout rate was similar for all parameters in all studies with the
exception of one RCT, where the highest percent of dropout was for
bone mineral density assessment (Carlin 2009).

Selective reporting

Only one RCT had a published protocol (Wolf 2016). However, the
protocol was registered retrospectively, and this implies an unclear
risk of bias (Wolf 2016). Another trial had a published protocol but
did not prespecify any mineral parameters (Cordeiro 2022). The
other trials did not have a registered protocol (Carlin 2009; Galyean
2022; Goldner 2009).

Other potential sources of bias

Two RCTs had a significant diMerence between arms in baseline
25OHD (Cordeiro 2022; Goldner 2009), and parathyroid hormone
levels (Goldner 2009) (high risk of bias). The other trials had no
diMerences in the baseline characteristics (Carlin 2009; Galyean
2022; Wolf 2016).

E?ects of interventions

See: Summary of findings 1 Moderate-dose vitamin D (600 IU/day
to 3500 IU/day) versus placebo; Summary of findings 2 High-dose
vitamin D (greater than 3500 IU/day) plus calcium versus moderate-
dose vitamin D (600 IU/day to 3500 IU/day) plus calcium

Moderate-dose vitamin D (600 IU/day to 3500 IU/day) versus
placebo

One study compared moderate-dose vitamin D (3200 IU/day) with
placebo (Wolf 2016). While all participants were advised to take
an additional multivitamin supplement daily, two-thirds of all
participants followed this advice and took a supplemental vitamin
D dose of 200 IU/day; one-third of the participants took 20 IU/day
to 40 IU/day. Given that the advice to take a supplement was not
followed by all participants, and given that the supplemental dose
was 16-times lower than the intervention dosage, the study was

considered as comparing a moderate-dose vitamin D to a placebo.
See Summary of findings 1.

Primary outcomes

Fractures

The trial did not report on fracture rate.

Adverse events

The trial in this comparison explicitly stated that there were no
reported adverse events in the vitamin D arm, but did not report on
any potential adverse events in the placebo arm (Wolf 2016).

Secondary outcomes

Vitamin D status

The mean baseline 25OHD in the included trial was 23.2 ng/mL in
the vitamin D arm and 24.1 ng/mL in the placebo arm. At 3 months
aSer the intervention, the 25OHD level increased from 24 ng/mL to
36.8 ng/mL in the vitamin D arm, while it remained at 23.2 ng/mL
in the placebo arm.

Moderate-dose vitamin D compared to placebo aSer bariatric
surgery may improve vitamin D status (MD in 25OHD level 13.60
ng/mL, 95% CI 7.94 to 19.26; 1 study, 79 participants; low-certainty
evidence; Analysis 1.1). At three months, only 8% of participants
were vitamin D deficient (25OHD less than 20 ng/mL) in the
moderate-dose vitamin D, while the proportion was 46% in the
placebo arm.

All-cause mortality

The trial did not report on all-cause mortality.

Bone density change

The trial did not report on bone density changes.

Secondary hyperparathyroidism

Moderate-dose vitamin D compared to placebo may result in little
to no diMerence in the achieved parathyroid hormone level aSer
three months (MD −6.60 pg/mL, 95% CI −17.12 to 3.92; 1 study, 79
participants; low-certainty evidence; Analysis 1.2).

Health-related quality of life

The trial did not report on health-related quality of life.

Muscle strength

The trial did not report on muscle strength.

High-dose vitamin D (greater than 3500 IU/day) plus calcium
versus moderate-dose vitamin D (600 IU/day to 3500 IU/day)
plus calcium

Three trials compared high-dose vitamin D plus calcium versus
moderate-dose vitamin D plus calcium (Carlin 2009; Galyean 2022;
Goldner 2009). The moderate-dose vitamin D ranged between
800 IU/day and 2000 IU/day, and the high-dose vitamin D ranged
between 5000 IU/day and 7943 IU/day. See Summary of findings
2. However, as part of the trial, Galyean 2022 reassessed vitamin D
status in all participants, and those in whom the 25OHD level was
less than 30 ng/mL received an additional dose of 2000 IU/day for
both arms. Given that the paper does not provide details on the
participants who required the additional vitamin D dose of 2000
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IU/day, we were unable to include these data in the quantitative
analysis.

Primary outcomes

Fractures

None of the trials reported on fracture rate.

Adverse events

One trial evaluated the rates of hypercalcaemia and hypercalciuria
(Goldner 2009). While none of the participants were reported
to have developed hypercalcaemia during the study period, one
participant in the high-dose vitamin D arm developed an elevated
urine calcium (defined as an elevated spot urine calcium/creatinine
ratio greater than 0.37) aSer starting vitamin D supplementation.
This hypercalciuria resolved with vitamin D cessation for 19 days,
and the participant resumed supplementation thereaSer without
recurrence (Goldner 2009).

Carlin 2009 reported there were no significant adverse events from
vitamin D supplementation.

At 12 months, the evidence is very uncertain on adverse events (RR
5.18, 95% CI 0.23 to 116.56; 2 studies, 81 participants; very low-
certainty evidence; Analysis 2.1).

Secondary outcomes

Vitamin D status

Two RCTs compared high-dose to moderate-dose vitamin D over
12 months following Roux-en-Y bypass (Carlin 2009; Goldner 2009).
One RCT, with a mean baseline 25OHD of 15 ng/mL to 22.9 ng/
mL, compared vitamin D 5000 IU/day (mean 25OHD 22.9 ng/mL) to
two moderate doses of 800 IU/day and 2000 IU/day (pooled mean
baseline 25OHD of 17.05 ng/mL) (Goldner 2009). Another RCT, with
a mean baseline 25OHD of 18.5 ng/mL in the control arm and 19.7
ng/mL in the intervention arm, compared vitamin D 50,000 IU/week
(equivalent to 7142 IU/day) to no supplementation (Carlin 2009).
In addition, all participants received vitamin D 800 IU/day (Carlin
2009). Therefore, the latter trial compared a high dose (equivalent
dose 7942 IU/day) to a moderate dose (800 IU/day) (Carlin 2009). We
pooled the results of both RCTs.

High-dose vitamin D compared to moderate-dose vitamin D may
increase 25OHD levels aSer 12 months, but the evidence is very

uncertain (MD 15.55 ng/mL, 95% CI 3.50 to 27.61; I2 = 62%; 2 studies,
73 participants; very low-certainty evidence; Analysis 2.2).

All-cause mortality

Carlin 2009 reported the death of one participant in the high-dose
vitamin D arm two months aSer an uneventful bypass surgery,
while there were no deaths in the moderate-dose vitamin D arm
(RR 3.00, 95% CI 0.13 to 70.83; 1 study, 60 participants; very low-
certainty evidence; Analysis 2.3). The other trial reported no data
on mortality (Goldner 2009).

Bone density change

One RCT compared the change in bone mineral density (from
baseline to 12 months aSer Roux-en-Y bypass) between high-dose
and moderate-dose vitamin D, at diMerent sites (Carlin 2009). In
general, high-dose vitamin D compared to moderate-dose vitamin
D may have little to no eMect on bone mineral density at the

lumbar spine, hip, and forearm, but the evidence for all is very
uncertain. For the lumbar spine, the MD in the achieved bone

mineral density was −0.04 g/cm2 favouring moderate-dose vitamin
D (95% CI −0.13 to 0.05; 1 study, 30 participants; very low-certainty
evidence; Analysis 2.4). At the hip, the MD in the achieved bone

mineral density was 0.04 g/cm2 favouring high-dose vitamin D (95%
CI 0 to 0.08; 1 study, 30 participants; very low-certainty evidence;
Analysis 2.5). At the forearm, the MD in the achieved bone mineral

density was 0 g/cm2 (95% CI −0.12 to 0.12; 1 study, 40 participants;
very low-certainty evidence; Analysis 2.6).

Secondary hyperparathyroidism

ASer 12 months, high-dose vitamin D compared to moderate-dose
vitamin D may have little to no eMect on parathyroid hormone level,
but the evidence is very uncertain (MD 2.15 pg/mL, 95% CI −21.31

to 17.01; I2 = 0%; 2 studies, 72 participants; very low-certainty
evidence; Analysis 2.7).

Health-related quality of life

None of the RCTs reported on health-related quality of life.

Muscle strength

None of the RCTs reported on muscle strength.

Subgroup analyses

We did not perform subgroup analyses because there were not
enough studies to estimate eMects by subgroups.

Sensitivity analyses

We did not perform sensitivity analyses because there were not
enough studies to test the robustness of the eMect measures.

Narrative results

Galyean 2022 compared vitamin D 100,000 IU monthly in addition to
a standard vitamin D dose of 1600 IU/day to 2000 IU/day (total dose
5733 IU/day to 7333 IU/day), to the standard dose alone. Baseline
25OHD level was 26 ng/mL. There was an increase in 25OHD level
by 12.4 (SD 17) ng/mL in the high-dose vitamin D arm, and 2.7 (SD
9.4) ng/mL in the standard dose arm (P = 0.059) (Galyean 2022).
The trial reported that no participant had high calcium and that
no participant had vitamin D toxicity (Galyean 2022). There were
no data on fractures, secondary hyperparathyroidism, all-cause
mortality, quality of life, bone density change, or muscle strength.

Cordeiro 2022 compared two vitamin D doses, 800 IU/day and 1800
IU/day, which fell within the category of a moderate-dose vitamin D.
The trial enrolled 41 participants following Roux-en-Y bypass, who
were randomised to receive either of the two vitamin D doses for 12
months (Cordeiro 2022). The baseline 25OHD level was 22.6 ng/mL
to 23.6 ng/mL, and the mean achieved level was 29.9 (SD 2.7) ng/
mL with vitamin D 800 IU/day and 32.1 (SD 0.4) ng/mL with vitamin
D 1800 IU/day (Cordeiro 2022). The trial did not report on any
adverse events (Cordeiro 2022). There were no data on fractures,
secondary hyperparathyroidism, all-cause mortality, quality of life,
bone density change, or muscle strength.

Assessment of reporting bias

We did not draw funnel plots due to the limited number of included
studies.
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D I S C U S S I O N

Summary of main results

This review aimed to evaluate the eMect of diMerent doses
of vitamin D supplementation compared to placebo or no
supplementation or to each other, on fracture rate, adverse
events, vitamin D status, all-cause mortality, and musculoskeletal
parameters in people with obesity undergoing bariatric surgery. We
identified five RCTs.

We identified one study comparing moderate-dose vitamin D (3200
IU/day) to placebo in people aSer sleeve gastrectomy, with a
duration of three months (Wolf 2016).

Three trials enrolled participants following malabsorptive
procedures and compared high-dose vitamin D (greater than 3500
IU/day) to moderate-dose vitamin D (600 IU/day to 3500 IU/day)
(Carlin 2009; Galyean 2022; Goldner 2009). However, as Galyean
2022 provided an unspecified number of participants with 25OHD
levels below 30 ng/mL at a given time point with an additional dose
of vitamin D, the study could not be included in the analysis. One
RCT compared two doses of vitamin D that fell within the same dose
category and, therefore, was not included in the analysis (Cordeiro
2022).

Moderate-dose vitamin D (600 IU/day to 3500 IU/day) versus
placebo

Moderate-dose vitamin D (3200 IU/day) compared to placebo may
improve vitamin D status, and may result in little to no diMerence in
the achieved parathyroid hormone level (Wolf 2016).

High-dose vitamin D (greater than 3500 IU/day) plus calcium
versus moderate-dose vitamin D (600 IU/day to 3500 IU/day)
plus calcium

In people undergoing bypass surgery, high-dose vitamin D
(equivalent dose 5000 IU/day to 7940 IU/day) compared to a
moderate-dose vitamin D (equivalent dose 800 IU/day to 2000
IU/day) may increase 25OHD level, and may have little to no
eMect on adverse events, secondary hyperparathyroidism, and
bone mineral changes, but the evidence is very uncertain. Bone
mineral density data were available in one trial only (Carlin 2009).
Notably, the mean baseline 25OHD level in the studies included in
this comparison was in the range of insuMiciency/mild deficiency
(varied between 18 ng/mL and 24 ng/mL), and such levels might
have aMected the extent of the response. The reporting on adverse
events was very scarce in the included trials. One trial reported one
case of hypercalciuria in the high-dose group (Goldner 2009). The
hypercalciuria resolved with supplementation cessation without
recurrence aSer restarting vitamin D supplementation. Another
trial reported zero adverse events in both groups (Carlin 2009).

Overall completeness and applicability of evidence

Vitamin D supplementation following bariatric surgery is expected
to protect against the deleterious eMect of weight loss on bone.
While several guidelines recommend a high-dose vitamin D,
ranging from 3000 IU/day to 50,000 IU given one to three times
weekly, these guidelines were mostly based on expert opinion
(Chakhtoura 2016a). The available, yet limited, evidence showed
that a moderate-dose vitamin D compared to placebo, and a high-
dose compared to a moderate-dose vitamin D seem to support
these eMects since moderate-dose supplementation may improve

vitamin D status compared with placebo (low-certainty evidence)
and high-dose supplementation may improve vitamin D status
compared with moderate dose, although the evidence is very
uncertain (very low-certainty evidence). Such an increase would
allow for most people undergoing bariatric surgery, if their baseline
25OHD level is 15 ng/mL to 24 ng/mL, similar to the participants
in the included trials, to achieve a desirable level of 20 ng/mL
or greater (IOM 2011). The certainty of the evidence was low
or very low, limiting our confidence in the results until further
complementary evidence becomes available.

We identified four trials on bypass surgery and one trial on
sleeve gastrectomy. We did not identify any trials on people with
obesity undergoing the newer malabsorptive procedures such as
one anastomosis gastric bypass and single anastomosis duodeno-
ileostomy. The population largely consisted of middle-aged women
(mean age 41 to 51 years) from Western countries, and therefore,
the results are not generalisable to older postmenopausal women
or to people from non-Western countries. All the trials used oral
vitamin D, which is the supplementation form commonly used in
the general population.

Most of the available evidence is related to vitamin D status
and parathyroid hormone levels, with scarce data on adverse
events. Data on bone mineral density were limited to one
study only. We did not identify any data on fracture risk
following vitamin D supplementation. Indeed, the impact of
supplementation on fracture risk requires several years of follow-
up. While observational studies showed an increased risk of
fracture following malabsorptive bariatric surgical procedures
(Chakhtoura 2022a), the association of 25OHD level with this risk
has been inconsistent (Axelsson 2018; Javanainen 2018; Nakamura
2014).

Similar to fractures, we did not identify any data on the outcomes
of quality of life or muscle health.

The high- and moderate-dose vitamin Ds used in the included
studies were at least two times the vitamin D doses recommended
for the general population, that is, 400 IU/day to 800 IU/day
(Holick 2011; IOM 2011). Indeed, the response to vitamin D
supplementation depends on the baseline level (Autier 2012;
Cashman 2011; Cashman 2021). The increase in 25OHD level is
larger when the baseline level is lower, and reaches a plateau with
time. Whether the high-dose vitamin D should be reduced aSer the
first few months of treatment has never been investigated.

The challenges with the vitamin D assay accuracy in the bariatric
population are similar to those in the general population (Sempos
2020). Except one trial only that used the gold standard liquid
chromatography-mass spectrometry for the measurement of
25OHD level (Galyean 2022), the others used commercial assays
and did not report on the precision or the quality assurance of their
laboratory (Carlin 2009; Goldner 2009; Wolf 2016).

The evidence to date is mostly derived from middle-aged women
undergoing malabsorptive procedures. Only one included study
enrolled people with sleeve gastrectomy. The investigated doses
were heterogeneous, varying from 800 IU/day to 7143 IU/day,
with a small number of participants receiving each. The duration
of supplementation was 12 months, and few data are currently
available beyond 12 months.
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Additional trials are needed to evaluate the impact of vitamin
D supplementation on mineral parameters and its safety in the
bariatric surgery population and investigate its long-term eMects.

Quality of the evidence

Moderate-dose vitamin D (600 IU/day to 3500 IU/day) versus
placebo

• Risk of bias: the risk of bias was low for detection, performance,
and attrition bias, while it was unclear for selection and
reporting bias

• Inconsistency: not applicable as only one trial was included.

• Indirectness: there was no indirectness.

• Imprecision: the results for vitamin D status and secondary
hyperparathyroidism were imprecise. The comparison included
only one trial, and the CIs were wide.

• Publication bias: we could not assess publication bias since only
one trial was included in this comparison.

High-dose vitamin D (greater than 3500 IU/day) plus calcium
versus moderate-dose vitamin D (600 IU/day to 3500 IU/day)
plus calcium

• Risk of bias: the risk of bias was low or unclear for selection
bias, with a low risk of detection bias, a high risk of bias for
performance and attrition bias, and a significant imbalance in
baseline characteristics in two trials.

• Inconsistency: there was high heterogeneity for vitamin D status

(I2 = 64%), while there was no heterogeneity for secondary
hyperparathyroidism. The adverse events, all-cause mortality,
and bone mineral density results were derived from only one
trial.

• Indirectness: there was no indirectness.

• Imprecision: the results were imprecise with wide CIs; for all-
cause mortality and bone mineral density, the results were
derived from one trial only with a small number of participants.

• Publication bias: we could not assess publication bias since only
two trials were included in this comparison.

Potential biases in the review process

The main limitations of our review are the small number of studies
identified and the scarce data on skeletal parameters and other
important outcomes such as quality of life and adverse events. We
were unable to investigate the eMect of various surgical procedures
on the response to vitamin D supplementation. We tried to contact
the corresponding authors of the identified studies for queries on
unpublished data, but we received only one response. We came
across several trials on the topic, but we excluded them as they
were of a short duration (i.e. less than three months) (Ben-Porat
2021; DiSilvestro 2019; Shahraki 2019; Stein 2009), or included a co-
intervention that diMered between arms (Dogan 2014; Heusschen
2020; Muschitz 2015a; Muschitz 2015b; Perin 2018). The presence
of co-intervention(s) diMering between treatment arms might
aMect the compliance and, therefore, the response to vitamin D
supplementation, and could have had a direct eMect on other
skeletal parameters.

Given the limited information in the included studies, we were
unable to evaluate the robustness of our findings using the planned
sensitivity and subgroup analyses.

Agreements and disagreements with other studies or
reviews

Our group previously published a systematic review of 51
observational studies on vitamin D supplementation following
bariatric surgery (Chakhtoura 2016b). Baseline 25OHD level was
less than 30 ng/mL in two-thirds of the included studies and less
than 20 ng/mL in the remaining one-third (Chakhtoura 2016b). We
showed that a vitamin D dose of 1100 IU/day to 7100 IU/day early
on, followed by 400 IU/day to 2000 IU/day as a maintenance dose
was associated with a significant increase in 25OHD level, while
a lower dose of 400 IU/day to 800 IU/day was not (Chakhtoura
2016b). A more-recent systematic review and meta-analysis of both
observational and interventional studies in people undergoing
bariatric surgery showed that vitamin D supplementation improves
vitamin D status regardless of the dose (Li 2018). However, the
chance of achieving vitamin D repletion, although not defined,
was only significant with doses greater than 800 IU/day (Li 2018).
Another systematic review and meta-analysis of nine controlled
clinical trials in people undergoing bariatric surgery showed that
with vitamin D supplementation, the standardised mean diMerence

in 25OHD level was 0.53 ng/mL (95% CI 0.28 to 0.77; P < 0.001; I2

= 86%), combining diMerent time points of 25OHD measurement,
and including trials that had co-interventions diMering between
arms (Mokhtari 2022). The eMect of the vitamin D dose was explored
in a subgroup analysis, and only a dose of greater than 2286 IU/
day was associated with a significant diMerence in 25OHD level,
while a lower dose was not (Mokhtari 2022). Conversely, regardless
of the vitamin D dose, there was no significant association
between vitamin D supplementation and parathyroid hormone
level (Mokhtari 2022).

Similar to our systematic review, previous systematic reviews
evaluated mineral parameters, vitamin D status, calcium, and
parathyroid hormone level. None of them investigated fractures,
bone mineral density, mortality, or adverse events.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Low-certainty evidence suggests that the eMect of moderate-dose
vitamin D compared to placebo may improve vitamin D status
and may result in little to no diMerence in parathyroid hormone
level. Very low-certainty evidence suggests that the eMect of a high-
dose vitamin D (greater than 3500 IU/day) compared to moderate-
dose vitamin D (600 IU/day to 3500 IU/day) may improve vitamin
D status and may have little to no eMect on parathyroid hormone
levels, but the evidence is very uncertain for both outcomes. The
current limited available evidence does not provide clear insights
for clinical practice, and clinicians should be very cautious when
applying these findings to an individual patient. Additional high-
quality studies are needed to demonstrate the long-term eMects of
diMerent vitamin D dose regimens on outcomes such as fractures,
mortality, minerals, musculoskeletal and metabolic parameters, as
well as the safety of high-dose vitamin D supplementation. We did
not identify any ongoing studies on the topic, and therefore, the
available limited evidence is not expected to change in the near
future.
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Implications for research

Given the limited available evidence and the low- and very low-
certainty evidence on the impact of vitamin D supplementation in
people with obesity following bariatric surgery on musculoskeletal
parameters and adverse events, further high-quality and long-
term studies using a standardised definition of the outcome
measures are needed. The evaluation of the eMect of vitamin D
supplementation in people undergoing sleeve gastrectomy should
be prioritised, given that sleeve gastrectomy has become the
most commonly used procedure. Longer follow-up to allow the
investigation of changes in bone mineral density and fracture rate
will inform our practice guidelines regarding the benefit of vitamin
D supplementation.

Future trials need to systematically collect data on adverse events
to confirm the safety of vitamin D at moderate and high doses in
this specific population.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Parallel RCT, randomisation ratio: 1:1, superiority design

Study centre: not mentioned; study conducted in Detroit, Michigan, USA

Study dates: April 2005 to August 2006

Number of study centres: not reported

Participants 60 participants scheduled for Roux-en-Y gastric bypass

Mean age (years): vitamin D group 43: (SD 11.9); control group: 42.9 (SD 11.3)

Baseline mean BMI (kg/m2): vitamin D group: 50.3 (SD 4.9); control group: 50.9 (SD 6.6)

Baseline mean 25OHD (ng/mL): vitamin D group: 19.7 (SD 8.5); control group: 18.5 (SD 9.4)

Inclusion criteria: women with morbid obesity who met the National Institutes of Health criteria for
bariatric surgery; preoperative vitamin D depletion before RYGB

Exclusion criteria: creatinine levels greater than normal; primary hyperparathyroidism; abnormal liver
function test results; antiseizure medications; undergoing laparoscopic adjustable gastric banding

Diagnostic criteria: vitamin D depletion defined as 25OHD ≤ 20 ng/mL, hyperparathyroidism as PTH >
75 pg/mL

Interventions Run-in period: none

Treatment before study: none

Titration period: none
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Intervention: vitamin D 50,000 IU weekly (equivalent to 7142 IU/day)

Comparator: no supplementation

Co-intervention: all participants in both groups received supplements of vitamin D 800 IU/day and cal-
cium 1500 mg/day

Outcomes Composite outcome measures reported: no

Outcomes relevant to this review

25OHD level

How measured/defined: measured using the chemiluminescent immunoassay (Liaison Platform, Di-
aSorin, Stillwater, Minnesota) (investigator-assessed)

Time points measured: 3, 6, and 12 months

Fractures: not reported

How measured/defined: not applicable

Time points measured: not applicable

Adverse events

How measured/defined: not defined

Time points measured: not defined

All-cause mortality

How measured/defined: as adverse events (investigator-assessed)

Time points measured: not defined, but 1 death secondary to myocardial infarction occurred at 2
months after RYGB

Bone density change

How measured/defined: bone mineral density (Hologic Delphi Model) measurements were restricted to
the non-dominant forearm in women weighing > 300 lb (investigator-assessed)

Time points measured: at 12 months

Secondary hyperparathyroidism

How measured/defined: PTH was measured using a 2 site-sandwich chemiluminescent immunoassay
(Liaison Platform) (investigator-assessed)

Time points measured: 3, 6, and 12 months

Health-related quality of life: not reported

How measured/defined: not applicable

Time points measured: not applicable

Muscle strength: not reported

How measured/defined: not applicable

Time points measured: not applicable

Study details Trial terminated early: no

Trial ID: no published protocol
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Publication details Language of publication: English

Funding: not reported

Publication status: peer-reviewed journal

Stated aim for study Quote: "evaluate the effectiveness of high-dose vitamin D therapy (50,000 IU/wk [week]) in replenish-
ing vitamin D stores after RYGB"

Notes Date author contacted: 22 August 2016

Reply: 23 August 2016

Information requested: 23 August 2016 (the investigator confirmed his willingness to answer our
queries)

Information provided: 31 August 2016 (the investigator provided us with data on bone density, baseline
comorbidities, and answered our queries related to blinding and missing data).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The randomization was computer generated."

Allocation concealment
(selection bias)

Unclear risk Comment: not reported.

Blinding of participants
and personnel (perfor-
mance bias)
adverse events

High risk Comment: the trial was not blinded, as per communication with the investiga-
tor (Dr Arthur Carlin); effect estimate is likely to be influenced by lack of blind-
ing.

Blinding of participants
and personnel (perfor-
mance bias)
all-cause mortality

High risk Comment: the trial was not blinded, as per communication with the investiga-
tor (Dr Arthur Carlin); effect estimate is likely to be influenced by lack of blind-
ing.

Blinding of participants
and personnel (perfor-
mance bias)
bone density

High risk Comment: the trial was not blinded, as per communication with the investiga-
tor (Dr Arthur Carlin); effect estimate is likely to be influenced by lack of blind-
ing.

Blinding of participants
and personnel (perfor-
mance bias)
secondary hyperparathy-
roidism

High risk Comment: the trial was not blinded, as per communication with the investiga-
tor (Dr Arthur Carlin); effect estimate is likely to be influenced by lack of blind-
ing.

Blinding of participants
and personnel (perfor-
mance bias)
vitamin D status

High risk Comment: the trial was not blinded, as per communication with the investiga-
tor (Dr Arthur Carlin); effect estimate is likely to be influenced by lack of blind-
ing.

Blinding of outcome as-
sessment (detection bias)
adverse events

High risk Comment: the trial was not blinded, as per communication with the investiga-
tor (Dr Arthur Carlin); effect estimate is likely to be influenced by lack of blind-
ing.
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Blinding of outcome as-
sessment (detection bias)
all-cause mortality

Low risk Comment: the trial was not blinded, as per communication with the investi-
gator (Dr Arthur Carlin); effect estimate is unlikely to be influenced by lack of
blinding.

Blinding of outcome as-
sessment (detection bias)
bone density

Low risk Comment: the trial was not blinded, as per communication with the investi-
gator (Dr Arthur Carlin); effect estimate is unlikely to be influenced by lack of
blinding.

Blinding of outcome as-
sessment (detection bias)
secondary hyperparathy-
roidism

Low risk Comment: the trial was not blinded, as per communication with the investi-
gator (Dr Arthur Carlin); effect estimate is unlikely to be influenced by lack of
blinding.

Blinding of outcome as-
sessment (detection bias)
vitamin D status

Low risk Comment: the trial was not blinded, as per communication with the investi-
gator (Dr Arthur Carlin); effect estimate is unlikely to be influenced by lack of
blinding.

Incomplete outcome data
(attrition bias)
adverse events

Unclear risk Quote from publication: "no significant adverse effects were encountered from
pharmacologic vitamin D therapy."

Comment: results on adverse events mentioned only in 1 sentence in the ab-
stract. It is unclear how many participants had adverse events. Table 1 shows
that 24/30 (80%) participants in the high-dose vitamin D group and 29/30
(96%) participants in the moderate-dose vitamin D group presented for fol-
low-up, while 21/30 (70%) participants in the high-dose vitamin D group and
27/30 (90%) participants in the moderate-dose vitamin D group underwent
laboratory tests at follow-up. Therefore, there were missing data on 20% in the
high-dose vitamin D group and 4% in the moderate-dose vitamin D group, im-
plying > 10% difference in the dropout rate between groups. As per communi-
cations with the investigator, Dr Arthur Carlin, participants refused to attend
for follow-up; further reasons were not provided; it is unclear whether the out-
come was influenced by attrition rates ("no significant adverse effects").

Incomplete outcome data
(attrition bias)
all-cause mortality

Unclear risk Comment: all-cause mortality was reported as an adverse event. It is unclear
how many participants had adverse events. Table 1 shows that 24/30 (80%)
participants in the high-dose vitamin D group and 29/30 (96%) participants
in the moderate-dose vitamin D group presented for follow-up, while 21/30
(70%) participants in the high-dose vitamin D group and 27/30 (90%) partici-
pants in the moderate-dose vitamin D group underwent laboratory tests at fol-
low-up. Therefore, there were missing data on 20% in the high-dose vitamin
D group and 4% in the moderate-dose vitamin D group, implying > 10% differ-
ence in the dropout rate between groups. As per communications with the in-
vestigator, Dr Arthur Carlin, participants refused to attend for follow-up; fur-
ther reasons were not provided; it is unclear whether the outcome was influ-
enced by attrition rates ("no significant adverse effects").

Incomplete outcome data
(attrition bias)
bone density

High risk Quote: "incomplete follow-up testing by some participants."

Comment: incomplete follow-up was 1 of the limitations of the trial, as recog-
nised by the investigators. For bone density, data were not available for 17
(57%) participants in the high-dose vitamin D group and 13 (43%) in the mod-
erate-dose vitamin D group, implying a high rate of missing data (> 15%), and
a difference of > 10% in dropout rates between arms. As per communications
with the investigator, Dr Arthur Carlin, participants refused to attend for fol-
low-up; further reasons were not provided.

Incomplete outcome data
(attrition bias)
secondary hyperparathy-
roidism

High risk Quote: "incomplete follow-up testing by some participants"

Comment: 1 limitation of the trial, as recognised by the investigators. For PTH
levels, results were not available on 10 (33%) participants in the high-dose vit-
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amin D group and 3 (10%) participants in the moderate-dose vitamin D group,
implying > 10% difference in the rate of missing data between the 2 arms. As
per communications with the investigator, Dr Arthur Carlin, participants re-
fused to attend for follow-up; further reasons were not provided.

Incomplete outcome data
(attrition bias)
vitamin D status

High risk Quote: "incomplete follow-up testing by some participants."

Comment: 1 of the limitations of the trial, as recognised by the investigators.
For vitamin D status, results were not available on 9 (30%) participants in the
high-dose vitamin D group and 3 (10%) participants in the moderate-dose vit-
amin D group, implying a high rate of missing data, and a > 10% difference in
the rate of missing data between the 2 arms. As per communications with the
investigator, Dr Arthur Carlin, participants refused to attend for follow-up; fur-
ther reasons were not provided.

Selective reporting (re-
porting bias)

Unclear risk Comment: no published protocol.

Other bias Low risk Comment: none detected.

Carlin 2009  (Continued)

 
 

Study characteristics

Methods Randomised, double-blind, controlled trial

Study centre: Multidisciplinary Center for Bariatric and Metabolic Surgery, Rio de Janeiro, Brazil

Study dates: not available

Number of study centres: 1

Participants 41 participants with obesity undergoing RYGB

Mean age (years): 41.3 (SD 8.7)

Baseline mean BMI (kg/m2): intervention 1 group: 43.9 (SD 5.3); intervention 2 group: 45.3 (SD 8.5)

Baseline mean 25OHD (ng/mL): intervention 1 group: 23.6 (SD 10.4); intervention 2 group: 22.6 (SD
7.2)

Inclusion criteria: BMI ≥ 40 kg/m2; aged 20–59 years; followed up by the Multidisciplinary Center for
Bariatric and Metabolic Surgery; undergone RYGB

Exclusion criteria: pregnant and breastfeeding women; malabsorptive symptoms; acute and chron-
ic infections; medications or supplement rich in vitamin D for 2 months before the first test; previous
bariatric surgery; surgical complications that need change in the postoperative follow-up; people who
took < 80% of the supplements

Diagnostic criteria: vitamin D deficiency if 25OHD level ≤ 20 ng/mL, insufficiency if level 21–29 ng/mL,
sufficiency if level ≥ 30 ng/mL

Interventions Run-in period: none

Treatment before study: none

Titration period: none

Intervention: intervention 2: vitamin D 1800 IU/day (the online trial protocol mentioned a dose of
50,000 IU monthly)
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Comparator: intervention 1: vitamin D 800 IU/day

Co-intervention: none

Outcomes Composite outcome measures reported: none

Outcomes relevant to this review

25OHD level

How measured/defined: using high-performance liquid chromatography with an ultraviolet detector
(Chrom-systems, Bio Sys Ltd, Rio de Janeiro, Brazil) (investigator-assessed)

Time points measured: at baseline and 12 months

Fractures: not reported

How measured/defined: not applicable

Time points measured: not applicable

Adverse events

How measured/defined: not defined

Time points measured: not defined

All-cause mortality

How measured/defined: as adverse events (investigator-assessed)

Time points measured: not defined

Bone density change

How measured/defined: not applicable

Time points measured: not applicable

Secondary hyperparathyroidism: not reported

How measured/defined: not applicable

Time points measured: not applicable

Health-related quality of life: not reported

How measured/defined: not applicable

Time points measured: not applicable

Muscle strength: not reported

How measured/defined: not applicable

Time points measured: not applicable

Study details Trial terminated early: no

Trial ID: RBR-7jh3jpw

Publication details Language of publication: English

Funding: not reported

Publication status: peer-reviewed journal
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Stated aim for study Quote: "to evaluate the relationship between serum 25OHD and the reduction in body fat, especially
the compartements in which fat is located."

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "a computer-generated randomization process with a 1:1 allocation ra-
tio to two study groups."

Allocation concealment
(selection bias)

Unclear risk Comment: not reported.

Blinding of participants
and personnel (perfor-
mance bias)
vitamin D status

Unclear risk Comment: study labelled as double-blind. However, there was no description
of any blinding process or any efforts to make the vitamin D tablets of different
doses look similar. Effect estimate is likely to be influenced by lack of blinding.

Blinding of outcome as-
sessment (detection bias)
vitamin D status

Low risk Comment: study labelled as double-blind. There was no description of any
blinding process or any efforts to make the vitamin D tablets of different doses
look similar. However, the effect estimate is likely to be influenced by lack of
blinding.

Incomplete outcome data
(attrition bias)
vitamin D status

Low risk Comment: low dropout rate of 2/21 (9.5%) participants in high-dose vitamin D
group and 1/20 (5%) in moderate-dose vitamin D group.

Selective reporting (re-
porting bias)

High risk It is unclear how many participants had adverse events. Trial protocol avail-
able online did not state any mineral parameters as outcomes.

Trial ID: RBR-7jh3jpw

Other bias High risk Comment: there was a significant difference in all the reported baseline char-
acteristics of enrolled participants (weight/BMI, waist circumference, 25OHD
level).

Cordeiro 2022  (Continued)

 
 

Study characteristics

Methods Randomised clinical trial, randomisation ratio 1:1, superiority design

Study centre: not mentioned; study conducted in Texas Tech University, Texas, USA

Study dates: not available

Number of study centres: not reported

Participants 32 participants having gastric bypass or biliopancreatic diversion with duodenal switch surgery for se-
vere obesity, period not specified

Mean age (years): intervention group: 50.9 (SD 9.1); control group: 48.2 (SD 10.5)

Baseline mean BMI (kg/m2): intervention group: 50.9 (SD 6.6); control group: 49.5 (SD 9.6)

Baseline mean 25OHD (ng/mL): intervention group: 26.1 (SD 9.2); control group: 25.6 (SD 11.8)
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Inclusion criteria: elective gastric bypass or biliopancreatic diversion with duodenal switch surgery for
severe obesity

Exclusion criteria: aged < 18 years or > 70 years; serum 25OHD or calcium above normal range at base-
line; people without pre- or postintervention 25OHD; use of medications: steroids, cholestyramine,
phenobarbital, phenytoin, and other anticonvulsant medications, high daily sun exposure through
working outdoors or regular tanning at a salon

Diagnostic criteria: normal vitamin D status defined as a 25OHD level 30–100 ng/mL

Interventions Run-in period: none

Treatment before study: none

Titration period: none

Intervention: ergocalciferol (vitamin D2) 100,000 IU monthly, in addition to standard vitamin D supple-

mentation of 1600–2000 IU/day

Comparator: standard vitamin D supplementation 1600–2000 IU/day

Co-intervention: participants in both groups received calcium citrate 1600–2000 mg/day

Outcomes Composite outcome measures reported: no

Outcomes relevant to this review

25OHD level

How measured/defined: measured on liquid chromatography mass spectrometry (investigator-as-
sessed)

Time points measured: at 12 months

Fractures: not reported

Adverse events

How measured/defined: no details on how adverse events were defined. The results section described
that no participant had a calcium level outside the normal range. The discussion stated that no partici-
pant had vitamin D toxicity of calcium levels outside the normal range

Time points measured: no details

All-cause mortality: not reported

How measured/defined: not applicable

Time points measured: not applicable

Bone density change: not reported

How measured/defined: not applicable

Time points measured: not applicable

Secondary hyperparathyroidism: not reported

How measured/defined: not applicable

Time points measured: not applicable

Health-related quality of life: not reported

How measured/defined: not applicable
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Time points measured: not applicable

Muscle strength: not reported

How measured/defined: not applicable

Time points measured: not applicable

Study details Trial terminated early: no

Trial ID: no protocol registration number provided in the manuscript

Publication details Language of publication: English

Funding: not reported

Publication status: peer-reviewed journal

Stated aim for study Quote: "determine if serum 25OHD levels are improved by the consumption of a monthly ergocalciferol
supplement (average daily dose of 3333 IUs of vitamin D) by subjects after bariatric surgery and to de-
termine if it sustains an increase in level to normal range 30–100 ng/mL in bariatric surgery patients."

Notes Date author contacted: 4 November 2022

Reply: none

Information requested: confirmation on ClinicalTrials.gov number, dose and non-published data on
PTH, bone mineral density and quality of life if available

Information provided: pending

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Participants were "alternately divided" into the experimental group and the
control group. There was no generation of a randomisation sequence.

Allocation concealment
(selection bias)

High risk Participants were "alternately divided" into the experimental group and the
control group, implying no allocation concealment.

Blinding of participants
and personnel (perfor-
mance bias)
adverse events

High risk Comment: due to a high risk of selection bias, the entire study was judged at
high risk of bias.

Blinding of participants
and personnel (perfor-
mance bias)
vitamin D status

High risk Comment: due to a high risk of selection bias, the entire study was judged at
high risk of bias.

Blinding of outcome as-
sessment (detection bias)
adverse events

High risk Comment: due to a high risk of selection bias, the entire study was judged at
high risk of bias.

Blinding of outcome as-
sessment (detection bias)
vitamin D status

High risk Comment: due to a high risk of selection bias, the entire study was judged at
high risk of bias.

Incomplete outcome data
(attrition bias)

High risk Comment: due to a high risk of selection bias, the entire study was judged at
high risk of bias.
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adverse events

Incomplete outcome data
(attrition bias)
vitamin D status

High risk Comment: due to a high risk of selection bias, the entire study was judged at
high risk of bias.

Selective reporting (re-
porting bias)

Unclear risk Comment: no trial protocol registration number.

Other bias Low risk Comment: no imbalance in baseline characteristics except for race; the control
group included 64% white and 36% non-white participants, while the vitamin
D group included only white participants.

Galyean 2022  (Continued)

 
 

Study characteristics

Methods Parallel RCT (pilot trial), randomisation ratio: 1:1:1, superiority design

Study centre: clinic in Omaha, Nebraska, USA, located at latitude 41.3° N

Study dates: not reported

Number of study centres: 1

Participants 45 participants planning to undergo RYGB

Mean/median age (years)

800 IU/day group: 48.2 (SD 11.8)/46.4

2000 IU/day group: 48.3 (SD 6.6)/47.6

5000 IU/day group: 44.6 (SD 10.9)/45.8

Baseline mean/median BMI (kg/m2)

800 IU/day group: 52.5 (SD 9.0)/50.5

2000 IU/day group: 60.4 (SD 14.2)/56.5

5000 IU/day group: 56.2 (SD 13.0)/53

Baseline mean/median 25OHD (ng/mL)

800 IU/day group: 19.1 (SD 9.9)/17.0

2000 IU/day group: 15.0 (SD 9.3)/13.0

5000 IU/day group: 22.9 (SD 10.3)/20.0

Inclusion criteria: planning to undergo RYGB; aged > 19 years

Exclusion criteria: planning to undergo another form of bariatric surgery; hypercalcaemia (calcium >
2.63 mmol/L), hypocalcaemia (calcium < 1.75 mmol/L), renal insufficiency (glomerular filtration rate <
50 mL/minute); history of primary hyperparathyroidism, renal tubular acidosis, sarcoidosis, granulo-
matous diseases, malignancy

Diagnostic criteria: vitamin D deficiency: 25OHD < 50 nmol/L, vitamin D insufficiency: 25OHD 50–75
nmol/L, secondary hyperparathyroidism: PTH > 70 ng/L, hypercalcaemia: calcium > 2.63 mmol/L. Hy-
percalciuria was defined as spot urine calcium/creatinine ratio > 0.37
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Interventions Run-in period: none

Extension period: none

Intervention 1: vitamin D 800 IU/day

Intervention 2: vitamin D 2000 IU/day

Intervention 3: vitamin D 5000 IU/day

Comparator: none

Co-intervention: all participants received calcium 2000 mg/day

Duration: up to 2 years following bariatric surgery

Outcomes Composite outcome measures reported: no

Outcomes relevant to this review

25OHD level

How measured/defined: using a chemiluminescent immunoassay; measurement was performed by
ARUP Laboratories (Salt Lake City, Utah, USA) (investigator-assessed).

Time points measured: at 6, 12, and 24 months

Fractures: not reported

How measured/defined: not applicable

Time points measured: not applicable

Adverse events

How measured/defined: hypercalcaemia defined as a serum calcium > 2.63 mmol/L; hypercalciuria de-
fined as spot urine calcium/creatinine ratio > 0.37 (investigator-assessed)

Time points measured: not defined

All-cause mortality: not reported

How measured/defined: not applicable

Time points measured: not applicable

Bone density change: not reported

How measured/defined: not applicable

Time points measured: not applicable

Secondary hyperparathyroidism

How measured/defined: measured using the Immulite 1000 assay (Diagnostic Products Corporation,
Los Angeles, California, USA) (investigator-assessed)

Time points measured: at 6, 12, and 24 months

Health-related quality of life: not reported

How measured/defined: not applicable

Time points measured: not applicable

Muscle strength: not reported
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How measured/defined: not applicable

Time points measured: not applicable

Study details Trial terminated early: no

Trial ID: not available

Publication details Language of publication: English

Funding: non-commercial funding: grant of the Clinical Research Center at the University of Nebraska
Medical Center

Publication status: peer-reviewed journal

Stated aim for study Quote: "to better define the appropriate dose of vitamin D needed after bariatric surgery"

Notes Date author contacted: 9 May 2016

Author reply: no reply

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "… we performed a randomized pilot trial looking at three different
doses of vitamin D supplementation following Roux-en-Y gastric bypass …
Randomization was stratified by age (<45 years or ≥45 years) and bowel limb
length (bowel length 50–100 or 101–150 cm)."

Comment: no details on random sequence generation.

Allocation concealment
(selection bias)

Unclear risk Comment: not reported.

Blinding of participants
and personnel (perfor-
mance bias)
secondary hyperparathy-
roidism

High risk Comment: no description of any blinding process or any efforts to make the vi-
tamin D tablets of different doses look similar. Effect estimate is likely to be in-
fluenced by lack of blinding.

Blinding of participants
and personnel (perfor-
mance bias)
vitamin D status

High risk Comment: no description of any blinding process or any efforts to make the vi-
tamin D tablets of different doses look similar. Effect estimate is likely to be in-
fluenced by lack of blinding.

Blinding of outcome as-
sessment (detection bias)
secondary hyperparathy-
roidism

Low risk Comment: no description of any blinding process or any efforts to make the vi-
tamin D tablets of different doses look similar. However, the effect estimate is
unlikely to be influenced by lack of blinding.

Blinding of outcome as-
sessment (detection bias)
vitamin D status

Low risk Comment: no description of any blinding process or any efforts to make the vi-
tamin D tablets of different doses look similar. However, the effect estimate is
unlikely to be influenced by lack of blinding.

Incomplete outcome data
(attrition bias)
secondary hyperparathy-
roidism

High risk Comment: at 6 months, missing data on 1–4 (7.6% to 30%) participants per
arm; reasons for missing data were not reported. Missing data on a larger num-
ber of participants at 12 months, whereby 4 or 5 (30% to 33%) participants per
arm were lost to follow-up. Therefore, the dropout rate was > 15%.
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Incomplete outcome data
(attrition bias)
vitamin D status

High risk Comment: at 6 months, missing data on 1–4 (7.6% to 30%) participants per
arm; reasons for missing data were not reported. Missing data on a larger num-
ber of participants at 12 months, whereby 4 or 5 (30% to 33%) participants per
arm were lost to follow-up. Therefore, the dropout rate was > 15%.

Selective reporting (re-
porting bias)

Unclear risk Comment: no published protocol.

Other bias High risk There was a difference in the baseline median 25OHD level between the 3
groups (P = 0.012) and the baseline median PTH level (P = 0.03).

Quote: "Serum 25 hydroxy Vitamin D (25OHD), intact PTH, calcium, and urine
calcium/creatinine ratios were measured at 6, 12, and 24 months postopera-
tively. Due to a high dropout rate at 24 months, we focus on the 12-month da-
ta."

Goldner 2009  (Continued)

 
 

Study characteristics

Methods Parallel RCT, randomisation ratio: 1:1, superiority design

Study centre: Klinikum Vest, Recklinghausen, Germany

Study dates: June–October 2013

Number of study centres: 1

Participants 94 adults with obesity undergoing sleeve gastrectomy

Mean age (years): intervention group: 43 (SD 11); control group: 43 (SD 10)

Baseline median BMI (kg/m2): intervention group: 46.7 (range 44.6–57.4); control group: 50.0 (range
46.3–58.8)

Baseline mean/median 25OHD (ng/mL): intervention group: 24.1 (SD 7.4); control group: 23.2 (SD 9.9)

Inclusion criteria: aged > 18 years; fulfilling the criteria of the S3 guidelines bariatric surgery, i.e.
"bariatric surgery should be performed when conservative treatment has failed in patients whose BMI
exceeds 40 kg/m2, or 35 kg/m2 in the presence of comorbidities"; did not ingest any dietary supple-
ments

Exclusion criteria: none

Diagnostic criteria: vitamin D insufficiency defined as 25OHD ≤ 20 ng/mL

Interventions Run-in period: none

Extension period: none

Intervention: vitamin D3 3200 IU/day, a dilution of Vigantol oil with Miglyol 812 (both from Merck,

Darmstadt, Germany)

Comparator: placebo (pure oil)

Intervention duration: 12 weeks

Co-interventions: 2/3 of all participants received vitamin D 200 IU/day and 1/3 received 10–20 IU/day

Outcomes Composite outcome measures reported: no

Wolf 2016 
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Outcomes relevant to this review

25OHD level

How measured/defined: enzyme-linked immunoassay kit (IDS, Frankfurt/ Main, Germany) (investiga-
tor-assessed)

Time points measured: at 2 weeks before surgery and at 4 and 12 weeks after surgery

Fractures: not reported

How measured/defined: not applicable

Time points measured: not applicable

Adverse events

How measured/defined: participants were asked about indisposition, eczema, nausea, and vomiting
(reported by participant)

Time points measured: at 4 and 12 weeks after surgery

All-cause mortality: not reported

How measured/defined: not applicable

Time points measured: not applicable

Bone density change: not reported

How measured/defined: not applicable

Time points measured: not applicable

Secondary hyperparathyroidism

How measured/defined: PTH was measured using a 2 site-sandwich chemiluminescent immunoassay
(Liaison Platform) (investigator-assessed)

Time points measured: at 2 weeks before surgery and at 4 and 12 weeks after surgery

Health-related quality of life: not reported

The trial protocol described quality of life questionnaire as 1 of the secondary outcome measures, but
the publication did not include results on this questionnaire

How measured/defined: Bariatric Reporting and Outcome System (BAROS)

Time points measured: 4 and 12 weeks

Muscle strength: not reported

How measured/defined: not defined

Time points measured: not defined

Study details Trial terminated early: no

Trial ID: DRKS00007143

Publication details Language of publication: English

Funding: vitamin D and placebo tablets were partly financed by Fresenius-Kabi, Bad Homburg, Ger-
many

Publication status: peer-reviewed journal

Wolf 2016  (Continued)
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Stated aim for study Quote: "to assess the impact of a high dose Vitamin D3 supplementation administered in an oily sus-
pension on VD [vitamin D] status and on parameters of mineral metabolism and cardiometabolic risk in
adults living with morbid obesity after SG [sleeve gastrectomy]."

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Participants were allocated to vitamin D or placebo group by permut-
ed-block randomization using a block size of four (two patients per group)."

Comment: no details how random sequence generation was performed.

Allocation concealment
(selection bias)

Unclear risk Comment: no details.

Blinding of participants
and personnel (perfor-
mance bias)
adverse events

Low risk Quote: "Patients and investigators were blinded to treatment until the end
of the study"; "The VD [vitamin D] group supplemented 80 μg/day VD3 [vit-
amin D3] orally for 12 weeks by a dilution of Vigantol oil® with Miglyol 812®

(both from Merck, Darmstadt, Germany), an identical appearing oil which also
provided medium chain triglycerides and which served as placebo. The daily
quantities of both preparations (1 mL) were provided in single-dose ophtiols."

Blinding of participants
and personnel (perfor-
mance bias)
secondary hyperparathy-
roidism

Low risk Quote: "Patients and investigators were blinded to treatment until the end
of the study"; "The VD [vitamin D] group supplemented 80 μg/day VD3 [vit-
amin D3] orally for 12 weeks by a dilution of Vigantol oil® with Miglyol 812®

(both from Merck, Darmstadt, Germany), an identical appearing oil which also
provided medium chain triglycerides and which served as placebo. The daily
quantities of both preparations (1 mL) were provided in single-dose ophtiols."

Blinding of participants
and personnel (perfor-
mance bias)
vitamin D status

Low risk Quote from the ICTRP trials register: "Masking: Blinded (patient/subject, inves-
tigator/therapist, caregiver, data analyst)."

Quote from the publication: "Patients and investigators were blinded to treat-
ment until the end of the study"; "The VD [vitamin D] group supplemented 80
μg/day VD3 [vitamin D3] orally for 12 weeks by a dilution of Vigantol oil® with

Miglyol 812® (both from Merck, Darmstadt, Germany), an identical appear-
ing oil which also provided medium chain triglycerides and which served as
placebo. The daily quantities of both preparations (1 mL) were provided in sin-
gle-dose ophtiols."

Blinding of outcome as-
sessment (detection bias)
adverse events

Low risk Quote from the ICTRP trials register: "Masking: Blinded (patient/subject, inves-
tigator/therapist, caregiver, data analyst)."

Quote from the publication: "Patients and investigators were blinded to treat-
ment until the end of the study"; "The VD [vitamin D] group supplemented 80
μg/day VD3 [vitamin D3] orally for 12 weeks by a dilution of Vigantol oil® with

Miglyol 812® (both from Merck, Darmstadt, Germany), an identical appear-
ing oil which also provided medium chain triglycerides and which served as
placebo. The daily quantities of both preparations (1 mL) were provided in sin-
gle-dose ophtiols."

Blinding of outcome as-
sessment (detection bias)
secondary hyperparathy-
roidism

Low risk Quote from the ICTRP trials register: "Masking: Blinded (patient/subject, inves-
tigator/therapist, caregiver, data analyst)."

Quote from the publication: "Patients and investigators were blinded to treat-
ment until the end of the study"; "The VD [vitamin D] group supplemented 80
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μg/day VD3 [vitamin D3] orally for 12 weeks by a dilution of Vigantol oil® with

Miglyol 812® (both from Merck, Darmstadt, Germany), an identical appear-
ing oil which also provided medium chain triglycerides and which served as
placebo. The daily quantities of both preparations (1 mL) were provided in sin-
gle-dose ophtiols."

Comment: investigator-assessed outcome.

Blinding of outcome as-
sessment (detection bias)
vitamin D status

Low risk Quote from the ICTRP trials register: "Masking: Blinded (patient/subject, inves-
tigator/therapist, caregiver, data analyst)."

Quote from the publication: "Patients and investigators were blinded to treat-
ment until the end of the study"; "The VD [vitamin D] group supplemented 80
μg/day VD3 [vitamin D3] orally for 12 weeks by a dilution of Vigantol oil® with

Miglyol 812® (both from Merck, Darmstadt, Germany), an identical appear-
ing oil which also provided medium chain triglycerides and which served as
placebo. The daily quantities of both preparations (1 mL) were provided in sin-
gle-dose ophtiols."

Incomplete outcome data
(attrition bias)
adverse events

Low risk Quote: "5(11%) participants of the vitamin D group and 6 (13%) participants
of the placebo group were lost to follow-up due to nonadherence to the fol-
low-up appointments or due to aversions to the supplements."

Comment: outcome unlikely to be influenced by attrition rate.

Incomplete outcome data
(attrition bias)
secondary hyperparathy-
roidism

Low risk Quote: "5 (11%) participants of the vitamin D group and 6 (13%) participants
of the placebo group were lost to follow-up due to nonadherence to the fol-
low-up appointments or due to aversions to the supplements."

Comment: outcome unlikely to be influenced by attrition rate.

Incomplete outcome data
(attrition bias)
vitamin D status

Low risk Quote: "5 (11) participants of the vitamin D group and 6 (13%) participants
of the placebo group were lost to follow-up due to nonadherence to the fol-
low-up appointments or due to aversions to the supplements."

Comment: outcome unlikely to be influenced by attrition rate.

Selective reporting (re-
porting bias)

Unclear risk Quote: "This trial was registered retrospectively on November 14, 2014, at the
German Clinical Trials Register as DRKS00007143."

The risk of bias was considered unclear because of the retrospective registra-
tion of the trial.

Other bias Low risk Comment: no imbalance in baseline characteristics

Wolf 2016  (Continued)

25OHD: 25-hydroxyvitamin D; BMI: body mass index; IU: international units; PTH: parathyroid hormone; RCT: randomised controlled trial;
RYGB: Roux-en-Y gastric bypass; SD: standard deviation.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Aarts 2017 Abstract

Aasheim 2010 Control group had no bariatric surgery

ACTRN12615000579594 Not a randomised or controlled clinical trial
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Study Reason for exclusion

Alhava 1975 No bariatric surgery

Alhava 1977 No bariatric surgery, participants underwent gastrectomy for ulcer

Ali 2023 Single arm study

Allard 2007 Not a randomised or controlled clinical trial

Anonymous 1978 Not a randomised or controlled clinical trial

Anonymous 1986 Not a randomised or controlled clinical trial

Arvold 2009 No bariatric surgery

Ben-Porat 2021 Intervention duration 2 months

Borges 2018 Narrative review, not a randomised or controlled clinical trial

Brody 2013 Not a randomised or controlled clinical trial

Buhler 2021 No vitamin D intervention

Carrasco 2014 Not a randomised or controlled clinical trial

Clements 2010 Intervention not vitamin D supplementation

Compston 1980 Not a randomised or controlled clinical trial

Copaescu 2012 Not a randomised or controlled clinical trial

Dalcanale 2010 Not a randomised or controlled clinical trial

DiSilvestro 2019 Intervention duration 6 weeks, i.e. < 3 months

Disse 2008 Not a randomised or controlled clinical trial

Dogan 2014 The doses of concomitant co-interventions (biotin, calcium, chloride, chrome, copper, folic acid, io-
dine, iron, manganese, magnesium, molybdenum, selenium, zinc and vitamins A, B, C, D, E, K) dif-
fered between arms

Dralle 2017 Not a randomised or controlled clinical trial

Einarsdóttir 2010 Intervention not oral vitamin D

EUCTR2011-006163 Not a randomised or controlled clinical trial

EUCTR2012-002217-19-SE Intervention was intramuscular vitamin D, not oral

EUCTR2019-003907-37-IT Population was not bariatric surgery

Flores 2015 Not a randomised or controlled clinical trial

Furtado 2020 Not a randomised or controlled clinical trial

Gagner 2015 Not a randomised or controlled clinical trial
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Study Reason for exclusion

Galyean 2019 Abstract

Giusti 2016 Not a randomised or controlled clinical trial

Goode 2004 Same dose of vitamin D in both arms

Guthrie 2007 Not a randomised or controlled clinical trial

Hedberg 2019 Intervention not vitamin D

Heusschen 2020 Co-intervention differed between arms

Heusschen 2022 Not a randomised or controlled clinical trial

Homan 2015 Abstract

Hultin 2018 Intervention consists of a single injection of vitamin D

Ichikawa 2002 Population not bariatric surgery, participants underwent gastrectomy for malignancy

IRCT20180312039067N1 Intervention duration < 3 months

Karbaschian 2018 Intervention not vitamin D supplementation

King 2017 Not a randomised or controlled clinical trial

Kocijan 2015 Abstract

Kruchitz 2018 Abstract

Levinson 2013 Not a randomised or controlled clinical trial

Lins 2014 Not a randomised or controlled clinical trial

Luger 2015 Study protocol for an excluded trial

Luger 2016 Abstract

Luger 2017 Vitamin D dose differed only in the first month

Luger 2018 Cross-sectional data of a trial

López Moreno 1991 Population not bariatric surgery participants

Moore 2011 Not a randomised or controlled clinical trial

Moore 2014 Not a randomised or controlled clinical trial

Morgan 1965 Not a randomised or controlled clinical trial

Muschitz 2015a Co-intervention differed between treatment arms

Muschitz 2015b Co-intervention differed between treatment arms

Muschitz 2016 Abstract
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Study Reason for exclusion

NCT01138475 Intervention duration < 3 months

NCT01385098 Not a randomised or controlled clinical trial

NCT01637155 Not a randomised or controlled clinical trial

NCT01891591 Not a randomised or controlled clinical trial

NCT02212652 Intervention duration < 3 months

NCT02483026 Intervention duration < 3 months

NCT02686905 Intervention not oral vitamin D (transdermal)

NCT02817256 Intervention duration < 3 months

NCT03360435 Not a randomised or controlled clinical trial

NCT03455868 Not a randomised or controlled clinical trial

NCT03938571 Intervention not vitamin D

NCT04003935 Study terminated

NCT04412421 Not a randomised or controlled clinical trial

NCT05333315 Intervention duration < 3 months

Nelson 2008 Not a randomised or controlled clinical trial

Patel 2012 Intervention not vitamin D

Patterson 1997 Not a randomised or controlled clinical trial

Perin 2018 Co-intervention differed between treatment arms

Robert 2020 Intervention was not vitamin D

Ruiz-Tovar 2016 Same dose of vitamin D in study arms

Schafer 2015 Not a randomised or controlled clinical trial

Shah 2014 Not a randomised or controlled clinical trial; letter to the editor

Shahraki 2019 Intervention duration < 3 months

Sigstad 1973 Population not people undergoing bariatric surgery

Stein 2009 Intervention duration < 3 months

Sundbom 2016 No oral vitamin D supplementation

Tsamis 2015 Not a randomised or controlled clinical trial

Tsiftsis 2009 Not a randomised or controlled clinical trial
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Study Reason for exclusion

Volonakis 2021 Intervention not vitamin D supplementation

 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Moderate-dose vitamin D versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Vitamin D status (achieved 25-hydrox-
yvitamin D level)

1 79 Mean Difference (IV,
Fixed, 95% CI)

13.60 [7.94,
19.26]

1.2 Secondary hyperparathyroidism
(achieved parathyroid hormone level)

1 79 Mean Difference (IV,
Fixed, 95% CI)

-6.60 [-17.12,
3.92]

 
 

Analysis 1.1.   Comparison 1: Moderate-dose vitamin D versus placebo,
Outcome 1: Vitamin D status (achieved 25-hydroxyvitamin D level)

Study or Subgroup

Wolf 2016a

Total

Test for overall effect: Z = 4.71 (P < 0.00001)
Test for subgroup differences: Not applicable
Heterogeneity: Not applicable

Moderate-dose vitamin D
Mean [ng/mL]

36.8

SD [ng/mL]

14.8

Total

38

38

Placebo
Mean [ng/mL]

23.2

SD [ng/mL]

10.3

Total

41

41

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI [ng/mL]

13.60 [7.94 , 19.26]

13.60 [7.94 , 19.26]

Mean Difference
IV, Fixed, 95% CI [ng/mL]

-100 -50 0 50 100
Favours placebo Favours moderate-dose vitamin D

Risk of Bias
A

?

B

?

C

?

D

+

Footnotes
aIntervention arm 3200 IU/day; placebo arm 0 IU/day; vitamin D status measured at 3 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Selective reporting (reporting bias)
(D) Other bias

 
 

Analysis 1.2.   Comparison 1: Moderate-dose vitamin D versus placebo, Outcome
2: Secondary hyperparathyroidism (achieved parathyroid hormone level)

Study or Subgroup

Wolf 2016a

Total

Test for overall effect: Z = 1.23 (P = 0.22)
Test for subgroup differences: Not applicable
Heterogeneity: Not applicable

Moderate-dose vitamin D
Mean [pg/mL]

44.3

SD [pg/mL]

23.4

Total

38

38

Placebo
Mean [pg/mL]

50.9

SD [pg/mL]

24.3

Total

41

41

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI [pg/mL]

-6.60 [-17.12 , 3.92]

-6.60 [-17.12 , 3.92]

Mean Difference
IV, Fixed, 95% CI [pg/mL]

-100 -50 0 50 100
Favours placebo Favours moderate-dose vitamin D

Risk of Bias
A

?

B

?

C

?

D

+

Footnotes
aIntervention arm vit D 3200 IU/day; placebo arm vit D 0 IU/day. Secondary hyperparathyroidism measured at 3 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Selective reporting (reporting bias)
(D) Other bias
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Comparison 2.   High-dose vitamin D + calcium versus moderate-dose vitamin D + calcium

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Adverse events 2 81 Risk Ratio (M-H, Fixed, 95%
CI)

5.18 [0.23, 116.56]

2.2 Vitamin D status (change in
25OHD level from baseline)

2 73 Mean Difference (IV, Random,
95% CI)

15.55 [3.50, 27.61]

2.3 All-cause mortality 1 60 Risk Ratio (M-H, Fixed, 95%
CI)

3.00 [0.13, 70.83]

2.4 Bone mineral density change –
lumbar spine

1 30 Mean Difference (IV, Fixed,
95% CI)

-0.04 [-0.13, 0.05]

2.5 Bone mineral density change –
hip

1 30 Mean Difference (IV, Fixed,
95% CI)

0.04 [0.00, 0.08]

2.6 Bone mineral density change –
forearm

1 40 Mean Difference (IV, Fixed,
95% CI)

0.00 [-0.02, 0.02]

2.7 Secondary hyperparathyroidism
(change in parathyroid hormone level
from baseline)

2 72 Mean Difference (IV, Fixed,
95% CI)

-2.15 [-21.31,
17.01]

 
 

Analysis 2.1.   Comparison 2: High-dose vitamin D + calcium versus
moderate-dose vitamin D + calcium, Outcome 1: Adverse events

Study or Subgroup

Carlin 2009a

Goldner 2009b

Total
Total events:
Test for overall effect: Z = 1.04 (P = 0.30)
Test for subgroup differences: Not applicable
Heterogeneity: Not applicable

High-dose vitamin D
Events

0
1

1

Total

24
10

34

Moderate-dose vitamin D
Events

0
0

0

Total

29
18

47

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

Not estimable
5.18 [0.23 , 116.56]

5.18 [0.23 , 116.56]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours moderate-dose vitamin D Favours high-dose vitamin D

Risk of Bias
A

+
?

B

?
?

C

?
?

D

+
−

Footnotes
aHigh dose: vit D 50,000 IU weekly (equivalent to 7142 IU daily) + daily supplement 800 IU. Moderate-dose: daily supplement. Adverse events measured at 12 months.
bHigh dose: vit D 5000 IU/day. Two moderate-dose arms received 800 IU/day or 2000 IU/day were pooled in the analysis. Adverse events measured at 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Selective reporting (reporting bias)
(D) Other bias
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Analysis 2.2.   Comparison 2: High-dose vitamin D + calcium versus moderate-dose
vitamin D + calcium, Outcome 2: Vitamin D status (change in 25OHD level from baseline)

Study or Subgroup

Carlin 2009a

Goldner 2009b

Total (Wald{fn})

Test for overall effect: Z = 2.53 (P = 0.01)
Test for subgroup differences: Not applicable
Heterogeneity: Tau² = 48.11; Chi² = 2.60, df = 1 (P = 0.11); I² = 62%

High-dose vitamin D
Mean [ng/mL]

16.3
26.5

SD [ng/mL]

15.7
16.9

Total

21
9

30

Moderate-dose vitamin D
Mean [ng/mL]

-4.4
18.3

SD [ng/mL]

11
13.9

Total

27
16

43

Weight

58.8%
41.2%

100.0%

Mean Difference
IV, Random, 95% CI [ng/mL]

20.70 [12.81 , 28.59]
8.20 [-4.77 , 21.17]

15.55 [3.50 , 27.61]

Mean Difference
IV, Random, 95% CI [ng/mL]

-100 -50 0 50 100
Favours moderate-dose vitamin D Favours high-dose vitamin D

Risk of Bias
A

+
?

B

?
?

C

?
?

D

+
−

Footnotes
aHigh dose: vit D 50,000 IU weekly (= 7142 IU/day) + supplement 800 IU/day. Moderate-dose arm: daily supplement. Vit D status measured at 12 months.
bHigh dose: vit D 5000 IU/day. Two moderate-dose arms 800 IU/day or 2000 IU/day were pooled in analysis. Vit D status measured at 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Selective reporting (reporting bias)
(D) Other bias

 
 

Analysis 2.3.   Comparison 2: High-dose vitamin D + calcium versus
moderate-dose vitamin D + calcium, Outcome 3: All-cause mortality

Study or Subgroup

Carlin 2009a

Total
Total events:
Test for overall effect: Z = 0.68 (P = 0.50)
Test for subgroup differences: Not applicable
Heterogeneity: Not applicable

High-dose vitamin D
Events

1

1

Total

30

30

Moderate-dose vitamin D
Events

0

0

Total

30

30

Weight

100.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

3.00 [0.13 , 70.83]

3.00 [0.13 , 70.83]

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours moderate-dose vitamin D Favours high-dose vitamin D

Risk of Bias
A

+

B

?

C

?

D

+

Footnotes
aHigh dose: vit D 50,000 IU weekly (= 7142 IU/day) + supplement 800 IU/day. Moderate dose: daily supplement. Mortality measured at 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Selective reporting (reporting bias)
(D) Other bias

 
 

Analysis 2.4.   Comparison 2: High-dose vitamin D + calcium versus moderate-
dose vitamin D + calcium, Outcome 4: Bone mineral density change – lumbar spine

Study or Subgroup

Carlin 2009a

Total

Test for overall effect: Z = 0.89 (P = 0.37)
Test for subgroup differences: Not applicable
Heterogeneity: Not applicable

High-dose vitamin D
Mean [g/cm2]

-0.01

SD [g/cm2]

0.04

Total

13

13

Moderate-dose vitamin D
Mean [g/cm2]

0.03

SD [g/cm2]

0.18

Total

17

17

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI [g/cm2]

-0.04 [-0.13 , 0.05]

-0.04 [-0.13 , 0.05]

Mean Difference
IV, Fixed, 95% CI [g/cm2]

-1 -0.5 0 0.5 1
Favours moderate-dose vitamin D Favours high-dose vitamin D

Risk of Bias
A

+

B

?

C

?

D

+

Footnotes
aHigh dose: vit D 50,000 IU (= 7142 IU/day) + supplement 800 IU/day. Moderate dose: daily supplement. BMD measured at 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Selective reporting (reporting bias)
(D) Other bias
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Analysis 2.5.   Comparison 2: High-dose vitamin D + calcium versus moderate-
dose vitamin D + calcium, Outcome 5: Bone mineral density change – hip

Study or Subgroup

Carlin 2009a

Total

Test for overall effect: Z = 1.99 (P = 0.05)
Test for subgroup differences: Not applicable
Heterogeneity: Not applicable

High-dose vitamin D
Mean [g/cm2]

-0.08

SD [g/cm2]

0.05

Total

13

13

Moderate-dose vitamin D
Mean [g/cm2]

-0.12

SD [g/cm2]

0.06

Total

17

17

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI [g/cm2]

0.04 [0.00 , 0.08]

0.04 [0.00 , 0.08]

Mean Difference
IV, Fixed, 95% CI [g/cm2]

-1 -0.5 0 0.5 1
Favours moderate-dose vitamin D Favours high-dose vitamin D

Footnotes
aHigh dose: vit D 50,000 IU (= 7142 IU/day) + supplement 800 IU/day. Moderate dose: daily supplement. BMD measured at 12 months.

 
 

Analysis 2.6.   Comparison 2: High-dose vitamin D + calcium versus moderate-
dose vitamin D + calcium, Outcome 6: Bone mineral density change – forearm

Study or Subgroup

Carlin 2009a

Total

Test for overall effect: Z = 0.00 (P = 1.00)
Test for subgroup differences: Not applicable
Heterogeneity: Not applicable

High-dose vitamin D
Mean [g/cm2]

-0.01

SD [g/cm2]

0.04

Total

17

17

Moderate-dose vitamin D
Mean [g/cm2]

-0.01

SD [g/cm2]

0.03

Total

23

23

Weight

100.0%

100.0%

Mean Difference
IV, Fixed, 95% CI [g/cm2]

0.00 [-0.02 , 0.02]

0.00 [-0.02 , 0.02]

Mean Difference
IV, Fixed, 95% CI [g/cm2]

-1 -0.5 0 0.5 1
Favours moderate-dose vitamin D Favours high-dose vitamin D

Footnotes
aHigh dose: vit D 50,000 IU weekly (= 7142 IU/day) + supplement 800 IU/day. Moderate dose: daily supplement. BMD measure at 12 months.

 
 

Analysis 2.7.   Comparison 2: High-dose vitamin D + calcium versus moderate-dose vitamin D + calcium,
Outcome 7: Secondary hyperparathyroidism (change in parathyroid hormone level from baseline)

Study or Subgroup

Carlin 2009a

Goldner 2009b

Total

Test for overall effect: Z = 0.22 (P = 0.83)
Test for subgroup differences: Not applicable
Heterogeneity: Chi² = 0.01, df = 1 (P = 0.94); I² = 0%

High-dose vitamin D
Mean [pg/mL]

2.3
-25

SD [pg/mL]

36.9
82.1

Total

20
9

29

Moderate-dose vitamin D
Mean [pg/mL]

4.7
-25

SD [pg/mL]

32.2
54

Total

27
16

43

Weight

89.7%
10.3%

100.0%

Mean Difference
IV, Fixed, 95% CI [pg/mL]

-2.40 [-22.62 , 17.82]
0.00 [-59.81 , 59.81]

-2.15 [-21.31 , 17.01]

Mean Difference
IV, Fixed, 95% CI [pg/mL]

-100 -50 0 50 100
Favours moderate-dose vitamin D Favours high-dose vitamin D

Risk of Bias
A

+
?

B

?
?

C

?
?

D

+
−

Footnotes
aHigh dose: vit D 50,000 IU weekly (= 7142 IU/day) + supplement 800 IU/day. Moderate dose: daily supplement. Secondary hyperparathyroidism measured at 12 months.
bHigh dose: vit D 5000 IU/day. Two moderate-dose arms 800/day or 2000 IU/day were pooled in the analysis. Secondary hyperparathyroidism measured at 12 months.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Selective reporting (reporting bias)
(D) Other bias
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A D D I T I O N A L   T A B L E S

Study ID Intervention(s) and compara-
tor(s)

Description of power
and sample size cal-
culation

Screened/
eligible
(n)

Ran-
domised
(n)

Analysed
(n)

Finishing
trial
(n)

Ran-
domised
finishing
trial
(%)

Follow-up

I1: vitamin D3 800 IU/day 21 21 19 90.5

I2: vitamin D3 1800 IU/day

— 41

20 20 19 95

12 monthsCordeiro
2022

Total: 41 41 38 92.7  

I: vitamin D2 100,000 IU once per

month, in addition to standard
therapy 2400–4000 IU/day + calci-
um citrate 1600–2000 mg/day

39 10 10 25.6

C: standard therapy 2400–4000 IU/
day + calcium citrate 1600–2000
mg/day

— 125

39 22 22 56.4

Galyean
2022

Total: 78 32 32 41.0

12 months

I: vitamin D3 3200 IU/day; in addi-

tion, 2/3 of all trial participants in-
creased their intake by 200 IU/day
and 1/3 by 10–20 IU/day by taking
an advised daily multivitamin sup-
plement

47 38 42 89.4

C: placebo; in addition, 2/3 of all
trial participants received 200 IU/
day and 1/3 received 10–20 IU/day
by taking an advised daily multivit-
amin supplement

To detect an increase
of 0.2 nmol/L by sup-
plementation of 80 μg/
day vitamin D3, 37 par-
ticipants per group
were needed presum-
ing a power of 95%, α
= 0.05, β = 0.10, and a
standard deviation of
36 nmol/L

—

47 41 41 87.2

Wolf 2016

(parallel
RCT)

Total: 94 79 83 88.3

3 months

Carlin 2009

(parallel
RCT)

I: vitamin D 50,000 IU/week + vita-
min D 800 IU/day + calcium 1500
mg

With 30 participants
per group, a mean dif-
ference of 0.91 stan-
dard deviation units

— 30 24 24 80 12 months

Table 1.   Overview of trial populations 
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6
1

C: vitamin D 800 IU/day + calcium
1500 mg

or larger could be
detected between
the 2 groups, assum-
ing power of 80%, α
of 0.01 and 2-sided

testinga

30 29 29 96.7

Total: 60 53 53 88.3

I1: vitamin D3 5000 IU/day + calci-

um 2000 mg

15 10 10 66.7

I2: vitamin D3 2000 IU/day + calci-

um 2000 mg

13 9 9 69.2

I3: vitamin D3 800 IU/day + calcium

2000 mg

Details on power and
sample size calcula-
tion were not provided
in the paper, targeted
sample size was 94 (ac-
cording to ICTRP data)

—

13 9 9 69.2

Goldner
2009

(parallel
RCT, pilot
trial)

Total: 41 28 28 68.3

12 monthsb

All interventions 164 114 69.5

All comparators 150 120 80

Grand total

All interventions and compara-
tors

 

314

 

234 74.5

 

Table 1.   Overview of trial populations  (Continued)

— denotes not reported.
aPersonal communication with the principal investigator.
bStudy duration was 24 months but high dropout rate.
C: comparator; I: intervention; ICTRP: International Clinical Trials Registry Platform; IU: international unit; n: number of participants; RCT: randomised controlled trial.
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A P P E N D I C E S

Appendix 1. Search strategies

 

CENTRAL (via the Cochrane Library)

1. [mh "Vitamin D"]
2. [mh "Vitamin D Deficiency"]
3. vitamind*:ti,ab,kw
4. ((vitamin* or hydroxyvitamin* or dihydroxyvitamin*) next ("d" or d?)):ti,ab,kw
5. (colecalciferol* or cholecalciferol* or calciol* or calcitriol* or ergocalciferol* or calcifediol* or calcidol* or calcidiol* or calciferol* or
ercalcidiol* or ercalcitriol*):ti,ab,kw
6. (hydroxyergocalciferol* or hydroxycalciferol* or hydroxycolecalciferol* or hydroxycholecalciferol* or dihydroxycolecalciferol* or
dihydroxycholecalciferol*):ti,ab,kw
7. (dihydrotachyst* or ("dihydro" next tachyst*)):ti,ab,kw
8. (alphacalcidol or alphacalcidiol or alfacalcidol or alfacalcidiol):ti,ab,kw
9. {or #1-#8}
10. [mh ^"Bariatric Surgery"]
11. [mh ^"Gastric Bypass"]
12. [mh ^Gastroplasty]
13. [mh ^"Jejunoileal Bypass"]
14. [mh ^Gastroenterostomy]
15. [mh ^Gastrectomy]
16. [mh ^"Biliopancreatic Diversion"]
17. [mh ^"Gastric Balloon"]
18. [mh ^"Stomach"/SU]
19. [mh ^"Anastomosis, Roux-en-Y"]
20. ((obes* or "weight loss" or "weight reduction" or antiobes* or "metabolic" or "gastric" or laparoscop*) next surg*):ti,ab,kw
21. ("bariatric" next (surg* or operation* or procedure* or patient*)):ti,ab,kw
22. (surg* next (procedure* or intervention* or treatment* or "management")):ti,ab,kw
23. ("gastric" near/4 (band* or imbrication* or plication* or "sleeve" or stapl* or resection* or reduction* or "stimulation")):ti,ab,kw
24. (("gastroileal" or "jejunoileal" or "biliopancreatic" or "gastric" or "stomach") next "bypass"):ti,ab,kw
25. gastrojejunostom*:ti,ab,kw
26. (pancreatico next jejunostom*):ti,ab,kw
27. gastrectom*:ti,ab,kw
28. gastroplast*:ti,ab,kw
29. "biliopancreatic diversion":ti,ab,kw
30. (malabsorpti* next (procedure* or surg*)):ti,ab,kw
31. "lap band":ti,ab,kw
32. "LAGB":ti,ab,kw
33. "LSG":ti,ab,kw
34. (RYGB* or "roux en y"):ti,ab,kw
35. "duodenal switch":ti,ab,kw
36. "stomach stapl*":ti,ab,kw
37. "scopinaro":ti,ab,kw
38. (("mason" or "rose" or "stomaphyx") next "procedure"):ti,ab,kw
39. (("gastric" or "intragastric") next balloon*):ti,ab,kw
40. (("endoluminal" or "bypass") next "sleeve"):ti,ab,kw
41. "endobarrier":ti,ab,kw
42. {or #10-#41}
43. #9 and #42

MEDLINE (OvidSP)

1. exp Vitamin D/
2. exp Vitamin D Deficiency/
3. vitamind*.tw.
4. ((vitamin* or hydroxyvitamin* or dihydroxyvitamin*) adj d?).tw.
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5. (c?olecalciferol* or calciol* or calcitriol* or ergocalciferol* or calcifediol* or calcid?ol* or calciferol* or ercalcidiol* or ercalcitri-
ol*).tw.
6. (hydroxyergocalciferol* or hydroxycalciferol* or hydroxyc?olecalciferol* or dihydroxyc?olecalciferol*).tw.
7. (dihydrotachyst* or dihydro tachyst*).tw.
8. (alphacalcid?ol or alfacalcid?ol).tw.
9. or/1-8
10. Bariatric Surgery/
11. Gastric Bypass/
12. Gastroplasty/
13. Jejunoileal Bypass/
14. Gastroenterostomy/
15. Gastrectomy/
16. Biliopancreatic Diversion/
17. Gastric Balloon/
18. Stomach/su [Surgery]
19. Anastomosis, Roux-en-Y/
20. ((obes* or weight loss or weight reduction or antiobes* or metabolic or gastric or laparoscop*) adj1 surg*).tw.
21. (bariatric adj2 (surg* or operation? or procedure? or patient*)).tw.
22. (surg* adj1 (procedure? or intervention? or treatment? or management)).tw.
23. (gastric adj3 (band* or imbrication? or plication? or sleeve or stapl* or resection? or reduction? or stimulation)).tw.
24. ((gastroileal or jejunoileal or biliopancreatic or gastric or stomach) adj1 bypass).tw.
25. gastrojejunostom*.tw.
26. pancreatico jejunostom*.tw.
27. gastrectom*.tw.
28. gastroplast*.tw.
29. biliopancreatic diversion.tw.
30. (malabsorpti* adj1 (procedure* or surg*)).tw.
31. lap band.tw.
32. LAGB.tw.
33. LSG.tw.
34. (RYGB* or roux en y).tw.
35. duodenal switch.tw.
36. stomach stapl*.tw.
37. scopinaro.tw.
38. ((mason or rose or stomaphyx) adj1 procedure).tw.
39. ((gastric or intragastric) adj1 balloon).tw.
40. ((endoluminal or bypass) adj1 sleeve).tw.
41. endobarrier.tw.
42. or/10-41
43. 9 and 42
[Lefebvre 2022 "Cochrane Handbook RCT filter" - sensitivity maximizing version]
44. randomized controlled trial.pt.
45. controlled clinical trial.pt.
46. randomi?ed.ab.
47. placebo.ab.
48. drug therapy.fs.
49. randomly.ab.
50. trial.ab.
51. groups.ab.
52. or/44-51
53. exp animals/ not humans/
54. 52 not 53
55. 43 and 54

PubMed (not medline[sb])

#1

weight loss surger*[tw] OR weight reduction surger*[tw] OR obesity surger*[tw] OR antiobesity surger*[tw] OR bariatric[tw] OR meta-
bolic surger*[tw] OR "gastric bypass"[tw] OR "jejunoileal bypass"[tw] OR "gastroileal bypass"[tw] OR "biliopancreatic bypass"[tw]
OR band*[tw] OR sleeve*[tw] OR resection*[tw] OR jejunostom*[tw] OR "biliopancreatic diversion"[tw] OR gastrojejunostom*[tw] OR

  (Continued)
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gastrectom*[tw] OR gastroplast*[tw] OR gastroenterostom*[tw] OR LAGB[tw] OR LSG[tw] OR RYGB*[tw] OR "roux en y"[tw] OR "duo-
denal switch"[tw] OR stomach stapl*[tw] OR balloon*[tw] OR endobarrier[tw]

#2

vitamin d*[tw] OR hydroxyvitamin d*[tw] OR dihydroxyvitamin d*[tw] OR calciol[tw] OR calcidiol[tw] OR calcidol[tw] OR calcitriol[tw]
OR calcifediol[tw] OR calciferol[tw] OR ercalcidiol[tw] OR ercalcitriol[tw] OR ergocalciferol[tw] OR doxercalciferol[tw] OR colecalcifer-
ol[tw] OR cholecalciferol[tw] OR paricalcitol[tw] OR alphacalcidol[tw] OR dihydrotachyst*[tw]

#3

#1 AND #2

#4

(medline[sb] or pmcbook)

#5

#3 NOT #4

Embase (OvidSP)

1. exp Vitamin D/
2. exp Vitamin D Deficiency/
3. vitamind*.tw.
4. ((vitamin* or hydroxyvitamin* or dihydroxyvitamin*) adj d?).tw.
5. (c?olecalciferol* or calciol* or calcitriol* or ergocalciferol* or calcifediol* or calcid?ol* or calciferol* or ercalcidiol* or ercalcitri-
ol*).tw.
6. (hydroxyergocalciferol* or hydroxycalciferol* or hydroxyc?olecalciferol* or dihydroxyc?olecalciferol*).tw.
7. (dihydrotachyst* or dihydro tachyst*).tw.
8. (alphacalcid?ol or alfacalcid?ol).tw.
9. or/1-8
10. Bariatric Surgery/
11. Biliopancreatic Bypass/
12. Gastric Banding/
13. Sleeve Gastrectomy/
14. Stomach surgery/
15. Gastrectomy/
16. Stomach Bypass/
17. Gastroenterostomy/
18. Intestine Bypass/
19. Jejunoileal Bypass/
20. Intestine anastomosis/
21. Roux Y anastomosis/
22. Gastroenterostomy/

23. Gastric Balloon/

24. Gastric Band/

25. ((obes* or weight loss or weight reduction or antiobes* or metabolic or gastric or laparoscop*) adj1 surg*).tw.

26. (bariatric adj2 (surg* or operation? or procedure? or patient*)).tw.

27. (surg* adj1 (procedure? or intervention? or treatment? or management)).tw.

28. (gastric adj3 (band* or imbrication? or plication? or sleeve or stapl* or resection? or reduction? or stimulation)).tw.

29. ((gastroileal or jejunoileal or biliopancreatic or gastric or stomach) adj1 bypass).tw.

30. gastrojejunostom*.tw.

31. pancreatico jejunostom*.tw.

  (Continued)
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32. gastrectom*.tw.

33. gastroplast*.tw.

34. biliopancreatic diversion.tw.

35. (malabsorpti* adj1 (procedure* or surg*)).tw.

36. lap band.tw.

37. LAGB.tw.
38. LSG.tw.
39. (RYGB* or roux en y).tw.
40. duodenal switch.tw.
41. stomach stapl*.tw.
42. scopinaro.tw.
43. ((mason or rose or stomaphyx) adj1 procedure).tw.
44. ((gastric or intragastric) adj1 balloon).tw.
45. ((endoluminal or bypass) adj1 sleeve).tw.
46. endobarrier.tw.
47. or/10-46
48. 9 and 47
[ Wong 2006 "sound treatment studies" filter – best sensitivity version] 
49. random*.tw. or clinical trial*.mp. or exp health care quality/
50. 48 and 49

LILACS (iAHx)

(MH:"Vitamin D" OR MH:"Vitamin D Deficiency" OR "vitamin d" OR "vitamina d" OR "vitamin d3" OR "vitamina d3" OR calciol OR cal-
cidiol OR calcitriol OR calcifediol OR calciferol OR ercalcidiol OR ercalcitriol OR ergocalciferol OR doxercalciferol OR colecalciferol OR
paricalcitol OR alfacalcidol OR alphacalcidol OR dihidrotaquist$ OR dihydrotachyst$) AND (MH:"Bariatric Surgery" OR MH:"Gastroen-
terostomy" OR MH:"Obesity/surgery" OR MH:"Obesity, Morbid/surgery" OR MH:"Obesity, Abdominal/surgery" OR ((bariatric$ OR obes
$ OR gastric$) AND (surg* OR cirug* OR cirurg*)) OR (gastr$ AND (band$ OR bypass OR sleeve OR vertic$ OR derivac$)) OR gastrojejun$
OR (biliopancreatic AND (diversion OR derivac$ OR bypass)) OR gastroplast$)

ClinicalTrials.gov (expert search)

( (surgery OR surgical OR bariatric OR gastric OR gastrectomy OR gastroplasty OR gastroenterostomy OR gastrojejunostomy OR je-
junostomy OR band OR banding OR balloon OR "bileopancreatic diversion" OR roux OR bypass OR "duodenal switch" OR sleeve OR
endobarrier) AND ("vitamin d" OR "vitamin d3" OR calciol OR calcidiol OR calcitriol OR calcifediol OR calciferol OR ercalcidiol OR er-
calcitriol OR ergocalciferol OR doxercalciferol OR colecalciferol OR paricalcitol OR alphacalcidol OR dihydrotachysterol) ) AND ( obese
OR obesity OR overweight OR bariatric ) [DISEASE]

WHO ICTRP (standard search)

bariatric AND vitamin OR

bariatric AND calciol OR

bariatric AND calcidiol OR

bariatric AND calcitriol OR

bariatric AND calcifediol OR

bariatric AND calciferol OR

bariatric AND ercalcidiol OR

bariatric AND ercalcitriol OR

bariatric AND ergocalciferol OR

  (Continued)
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bariatric AND doxercalciferol OR

bariatric AND colecalciferol OR

bariatric AND paricalcitol OR

bariatric AND alphacalcidol OR

bariatric AND dihydrotachyst* OR

obes* AND surg* AND vitamin OR

obes* AND surg* AND calciol OR

obes* AND surg* AND calcidiol OR

obes* AND surg* AND calcitriol OR

obes* AND surg* AND calcifediol OR

obes* AND surg* AND calciferol OR

obes* AND surg* AND colecalciferol OR

obes* AND bypass* AND vitamin OR

obes* AND bypass* AND calciol OR

obes* AND bypass* AND calcidiol OR

obes* AND bypass* AND calcitriol OR

obes* AND bypass* AND calcifediol OR

obes* AND bypass* AND calciferol OR

obes* AND bypass* AND colecalciferol OR

obes* AND gastr* AND vitamin OR

obes* AND gastr* AND calciol OR

obes* AND gastr* AND calcidiol OR

obes* AND gastr* AND calcitriol OR

obes* AND gastr* AND calcifediol OR

obes* AND gastr* AND calciferol OR

obes* AND gastr* AND colecalciferol OR

obes* AND band* AND vitamin OR

obes* AND band* AND calciol OR

obes* AND band* AND calcidiol OR

obes* AND band* AND calcitriol OR

obes* AND band* AND calcifediol OR

obes* AND band* AND calciferol OR

obes* AND band* AND colecalciferol

  (Continued)
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Appendix 2. Baseline characteristics (I)

Study ID Intervention(s) and com-
parator(s)

Duration
of inter-
vention
and fol-
low-up

Description of partici-
pants

Trial peri-
od
(year to
year)

Country Setting Time of
intake
since
bariatric
surgery

Vitamin D
levels
(mean ng/
mL)

Ethnic
groups
(%)

I: vitamin D3 1800 IU/day 22.6 (SD 7.2)Cordeiro
2022

C: vitamin D3 800 IU/day

12 months People living with obesi-
ty undergoing Roux-en-Y
gastric bypass

NA Brazil NA NA

23.6 (SD
10.2)

NA

I: ergocalciferol 100,000 IU
monthly (equivalent to 3333
IU/day), in addition to vitamin
D 1600–2000 IU/day

26.9 (SD 9.2) White: 100

Non-
white: 0

Galyean
2022

C: vitamin D 1600–2000 IU/
day

12 months People living with obe-
sity undergoing gastric
bypass or biliopancreat-
ic diversion with duode-
nal switch surgery

NA Texas, USA NA NA

25.7 (SD
11.8)

White: 64

Non-
white: 36

I: vitamin D3 3200 IU/day Day after
surgery

24 (SD 7.4)Wolf 2016

C: placebo

3 months People living with obe-
sity undergoing sleeve
gastrectomy

June–Oc-
tober 2013

Germany Outpa-
tient

Day after
surgery

23.2 (SD 9.9)

NA

I: vitamin D 50,000 IU/week
(equivalent to 7143 IU/day) +
vitamin D 800 IU/day + calci-
um 1500 mg

— 19.7 (SD 8.5) Black: 47
White: 53

Carlin
2009

C: vitamin D 800 IU/day + cal-
cium 1500 mg

12 months Vitamin D-depleted
women living with obe-
sity undergoing Roux-
en-Y gastric bypass

April 2005
to August
2006

Detroit,
Michigan,
USA

Outpa-
tient

— 18.5 (SD 9.4) Black: 50
White: 50

I1: vitamin D3 5000 IU/day +

calcium 2000 mg

22.9 (SD
10.3)

Goldner
2009

I2: vitamin D3 2000 IU/day +

calcium 2000 mg

12 months Participants undergoing
Roux-en-Y gastric bypass

— Omaha,
Nebraska,
USA

Outpa-
tient

—

15.0 (SD 9.3)

NA
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I3: vitamin D3 800 IU/day +

calcium 2000 mg

19.1 (SD 9.9)

— denotes not reported.

C: comparator; I: intervention; IU: international unit; NA: not available; SD: standard deviation.

  (Continued)
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Appendix 3. Baseline characteristics (II)

Study ID Interventions and compara-
tor(s)

Sex (female
%)

Age (mean
years, or as
reported)

BMI (mean

kg/m2)

Weight
(mean kg)

HbA1c (%) Comedica-
tions/co-interven-
tions (% of partici-
pants)

Comorbidities (% of
participants)

I: vitamin D3 1800 IU/day NA 45.3 (SD 8.5) 128.8 (SD
30.2)

— — —Cordeiro
2022

C: vitamin D3 800 IU/day NA

41.3 (SD 8.7)

43.9 (SD 5.3) 120.8 (SD
16.9)

— — —

I: ergocalciferol 100,000 IU
monthly (equivalent to 3333
IU/day), and standard vita-
min D supplementation 1600–
2000 IU/day

80% 50.9 (SD 9.1) 50.6 (SD 5.9) — — Calcium citrate
1600–2000 mg/day
(100%)

Diabetes mellitus
(30%)

Galyean
2022

C: standard vitamin D supple-
mentation of 1600–2000 IU/
day

82% 48.2 (SD
10.5)

49.5 (SD 9.6) — — Calcium citrate
1600–2000 mg/day
(100%)

Diabetes mellitus
(50%)

I: vitamin D3 3200 IU/day 66% 43 (SD 11) 46.7 (range
44.6–57.4)

149.2 (SD
32.3)

5.5 (range
5.3–6.1)

Hypertension (62%)
Diabetes mellitus
(26%)
Arthrosis (6%)
Depression (15%)
Obstructive sleep ap-
noea (32%)
Degenerative alter-
ation (57%)

Wolf 2016

C: placebo 62 43 (SD 10) 50 (range
46.3–58.8)

156.2 (SD
25.5)

5.6 (range
5.4–6.4)

Vitamin D 200 IU/
day (66%) and 10–
20 IU/day (33%)

Hypertension (66%)
Diabetes mellitus
(30%)
Arthrosis (6%)
Depression (9%)
Obstructive sleep ap-
noea (40%)
Degenerative alter-
ation (60%)
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I: vitamin D 50,000 IU/week
(equivalent to 7143 IU/day) +
vitamin D 800 IU/day

100 43.0 (SD
11.9)

50.3 (SD 4.9) 134 (SD
16.3)

— Calcium 1500 mg/
day (100%)

—Carlin 2009

C: vitamin D 800 IU/day 100 42.9 (SD
11.3)

50.9 (SD 6.6) 133 (SD
20.3)

— Calcium 1500 mg/
day (100%)

—

I1: vitamin D3 5000 IU/day — 44.6 (SD
10.9)

56.2 (SD
13.0)

— — Calcium 2000 mg/
day (100%)

—

I2: vitamin D3 2000 IU/day — 48.3 (SD 6.6) 60.4 (SD
14.2)

— — Calcium 2000 mg/
day (100%)

—

Goldner
2009

I3: vitamin D3 800 IU/day — 48.2 (SD
11.8)

52.5 (SD 9.0) — — Calcium 2000 mg/
day (100%)

—

— denotes not reported.

BMI: body mass index; C: comparator; HbA1c: glycosylated haemoglobin A1c; I: intervention; IU: international units; SD: standard deviation.

  (Continued)
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Appendix 4. Adverse events

Study ID Intervention(s) and comparator(s) Partici-
pants in-
cluded in
analysis
(n)

Deaths
(n, %)

Partici-
pants with
≥ 1 adverse
event
(n, %)

Partici-
pants with
≥ 1 se-
vere/seri-
ous adverse
event
(n, %)

Partici-
pants dis-
continuing
study due
to adverse
events
(n, %)

Partici-
pants hos-
pitalised
(n, %)

Partici-
pants with
a specif-
ic adverse
event
(descrip-
tion)

(n, %)

I: vitamin D3 1800 IU/day 20 — — — — — 0Cordeiro
2022

C: vitamin D3 800 IU/day 21 — — — — — 0

I: ergocalciferol 100,000 IU monthly (equiva-
lent to 3333 IU/day), in addition to vitamin D
1600–2000 IU/day

22 0 0 0 0 0 —Galyean
2022

C: vitamin D 1600–2000 IU/day 10 0 0 0 0 0 —

I: vitamin D3 3200 IU/day 38 0 0 0 0 0 —Wolf 2016

C: placebo 41 0 0 0 0 0 —

I: vitamin D 50,000 IU/week (equivalent to
7143 IU/day) + vitamin D 800 IU/day + calcium
1500 mg

24 1 (4.2) 0 (0) 0 0 0 Mortality 1
(4.2)

Carlin 2009

C: vitamin D 800 IU/day + calcium 1500 mg 29 0 (0) 0 0 (0) 0 0 —

I1: vitamin D3 5000 IU/day + calcium 2000 mg 10 0 1 (10) 0 0 0 Hypercalci-
uria 1 (10)

I2: vitamin D3 2000 IU/day + calcium 2000 mg 9 0 0 0 0 0 —

Goldner
2009

I3: vitamin D3 800 IU/day + calcium 2000 mg 9 0 0 0 0 0 —

— denotes not reported

C: comparator; I: intervention; IU: international unit; n: number of participants.

     

 

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



O
ra

l v
ita

m
in

 D
 su

p
p

le
m

e
n

ta
tio

n
 fo

r a
d

u
lts w

ith
 o

b
e

sity
 u

n
d

e
rg

o
in

g
 b

a
ria

tric su
rg

e
ry

 (R
e

v
ie

w
)

C
o

p
yrig

h
t ©

 2024 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

7
2

 
C

o
ch

ra
n

e
L

ib
ra

ry
T

ru
ste

d
 e

v
id

e
n

ce
.

In
fo

rm
e

d
 d

e
cisio

n
s.

B
e

tte
r h

e
a

lth
.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

H I S T O R Y

Protocol first published: Issue 7, 2015

C O N T R I B U T I O N S   O F   A U T H O R S

All review authors read and approved the final review draS.
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BS: is a member of the board of Surgical Innovations, Leeds, UK (laparoscopic surgery manufacturing company, international advisory
board) and consultant of Covidien Johnson and Johnson (organising workshops and giving lectures on laparoscopic surgery). The
relationship with the stated companies has no competing interest with this review.

CM: none.
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for all ongoing and finished trials in which one of the review authors participated.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We made the following changes from the review protocol (Chakhtoura 2015).

• We deleted the outcome socioeconomic eMects because Methodological Expectations of Cochrane Intervention Reviews (MECIR)
guidance indicates that additional methods are needed to include them.

• We specified that we would use risk ratio as a measure of treatment eMect.

• We added more specifications to the section on risk of bias, assessment of heterogeneity, data synthesis, and GRADE based on the more-
recent version of the Cochrane Handbook for Systematic Reviews of Interventions and corrected the references. We restricted sensitivity
analysis to considerations of risk of bias.

• Since the development of the protocol, the Cochrane Review Group decided to restrict the number and types of outcomes to only those
of highest priority, so the list of outcomes was narrowed to:
◦ primary outcomes:

▪ fractures;

▪ adverse events;

◦ secondary outcomes:
▪ vitamin D status;

▪ all-cause mortality;

▪ bone density change;

▪ secondary hyperparathyroidism;

▪ health-related quality of life;

▪ muscle strength.

N O T E S

Portions of the background and methods sections, the appendices, additional tables, and figures 2 to 4 of this review are based on a
standard template established by the Cochrane Metabolic and Endocrine Disorders Group.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Administration, Oral;  *Bariatric Surgery  [adverse eMects];  Bone Density  [drug eMects];  Cause of Death;  Dietary Supplements; 
Fractures, Bone;  Obesity  [complications]  [surgery];  Postoperative Complications  [prevention & control];  Quality of Life;  Randomized
Controlled Trials as Topic;  *Vitamin D  [administration & dosage]  [blood];  *Vitamin D Deficiency  [blood]  [complications]  [drug
therapy];  *Vitamins  [administration & dosage]

MeSH check words
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