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Abstract

Bariatric surgery is associated with a postoperative reduction of 25(OH) vitamin D levels (25(OH)D) and with skeletal
complications. Currently, guidelines for 25(OH)D assessment and vitamin D supplementation in bariatric patients, pre- and
post-surgery, are still lacking. The aim of this work is to analyse systematically the published experience on 25(OH)D status
and vitamin D supplementation, pre- and post-surgery, and to propose, on this basis, recommendations for management.
Preoperatively, 18 studies including 2,869 patients were evaluated. Prevalence of vitamin D insufficiency as defined by
25(OH)D <30 ng/mL (75 nmol/L) was 85%, whereas when defined by 25(OH)D <20 ng/mL (50 nmol/L) was 57%. The
median preoperative 25(OH)D level was 19.75 ng/mL. After surgery, 39 studies including 5,296 patients were analysed and
among those undergoing either malabsorptive or restrictive procedures, a lower rate of vitamin D insufficiency and higher
25(0OH)D levels postoperatively were observed in patients treated with high-dose oral vitamin D supplementation, defined
as >?2,000 IU/daily (mostly D3-formulation), compared with low-doses (< 2,000 IU/daily). Our recommendations based on
this systematic review and meta-analysis should help clinical practice in the assessment and management of vitamin D status
before and after bariatric surgery. Assessment of vitamin D should be performed pre- and postoperatively in all patients
undergoing bariatric surgery. Regardless of the type of procedure, high-dose supplementation is recommended in patients
after bariatric surgery.
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Abbreviation PRISMA  Preferred Reporting Items for Systematic

25(OH)D 25(0OH) vitamin D Reviews and Meta-Analyses

AGB Adjustable gastric band RCTs Randomized controlled trials

BPD Biliopancreatic diversion with duodenal RYGB Roux-en Y gastric bypass
switch SG Sleeve gastrectomy

BMI Body mass index suppl. Supplementary

CI Confidence interval Vs Versus

IOM Institute of Medicine VDR Vitamin D receptor

NOS Newcastle Ottawa scoring

OR Odds ratio

OAGB One-anastomosis gastric bypass 1 Introduction

To date, guidelines on vitamin D status assessment and sup-
plementation are mainly focused on the effect of vitamin D
Extended author information available on the last page of the article on bone e.g., nutritional rickets, osteoporosis, osteomalacia,
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and parathyroid disorders, and on kidney diseases [1]. A
series of International Consensus Conferences, “Contro-
versies in Vitamin D”, have been held annually since 2017
focusing on these areas. The most recent Conferences in
this series, held in Stresa (2021) and Florence Italy (2022),
aimed to critically investigate potential extra-skeletal effects
of vitamin D [2-9]. The latest Conference highlighted, for
example, the need to address clinical settings at high-risk
of hypovitaminosis D and/or with an impairment of vita-
min D metabolism and absorption [9-11]. In particular,
the bidirectional relationship between vitamin D and obe-
sity, as well as the impact of bariatric surgery on vitamin
D metabolism were considered. In fact, Stresa Consensus
participants chose the topic of vitamin D in bariatric surgery
as the first one to address and to make specific therapeutic
recommendations. Each member of the investigative team
was assigned to one of three topics: A) “Vitamin D in obe-
sity”’; B) “Assessment of vitamin D status pre- and post-
bariatric surgery”’; C) “Vitamin D supplementation after
bariatric surgery”.

This paper summarizes the work of these three panels.
Based on this systematic review and the resulting discus-
sion of the results during the Florence consensus conference,
we propose recommendations for management of vitamin D
status before and after bariatric surgery.

2 Background
2.1 Vitamin D and obesity

Adipose tissue, a direct target of vitamin D, influences its syn-
thesis, distribution, metabolic and endocrine functions [12].
The vitamin D receptor (VDR), present in pre-adipocytes and
adipocytes, in both visceral and subcutaneous adipose tissue
[13], serves as the mechanistic interface of these properties.
Recent in vitro studies on mouse adipocytes showed that vita-
min 1-25(0OH),D;, the active form of vitamin D, increases
basal and stimulated lipolysis and decreases lipogenesis [14].
The result of these two actions is a catabolic reduction in adi-
pocyte number and size by decreasing lipid and triglycerides
accumulation. Moreover, vitamin D affects insulin action and
glucose metabolism, by increasing glucose transport in adi-
pocytes through enhanced GLUT4 translocation [15]. Addi-
tionally, vitamin D reduces inflammation in adipose tissue. In
both preadipocytes and adipocytes, 1-25(OH),D5 suppresses
expression of multiple inflammatory cytokines, including
IL-6, IL-1p and IL-8 [16].

Several pathophysiological mechanisms have been pro-
posed to explain the widely recognized association between
vitamin D insufficiency and obesity [17-19]. Patients with
obesity tend to spend less time in outdoor physical activity and,
thus, have limited skin exposure to sunlight. Lower dietary

@ Springer

intake of vitamin D, impaired hepatic 25-hydroxylation [20],
impaired hydroxylation in adipose tissue, and alterations in
vitamin D receptors [17-19] are additional factors. Excess
body fat can also serve as a repository of storage forms of
fat-soluble vitamin D (e.g., 25-hydroxvitamin D and parent
vitamin D) altering the kinetics between that depot and the
circulation. Thus, in addition to the afore mentioned mecha-
nisms that help to account for low circulating levels of 25(OH)
vitamin D (25(OH)D) in obesity, sequestration in adipose tis-
sue is another key contributing factor [21, 22].

Patients with obesity typically demonstrate low levels of
25(0OH)D, which are inversely correlated with body mass
index (BMI) and adiposity [21, 22]. This dynamic adversely
affects skeletal and muscle health, resulting in a predispo-
sition to the so-called obese osteo-sarcopenic phenotype
[10, 23, 24]. The prevalence of vitamin D insufficiency is
reported to be 35% higher in individuals with obesity than
in normal weight individuals [21]. Moreover, obese patients
often require larger amounts of vitamin D supplementation
than their normal-weight counterparts. A recent meta-
analysis showed that, after administration of equal doses of
vitamin D in patients with obesity, 25(OH)D levels were
lower by about 15.2 ng/mL (38 nmol/L) compared with
eutrophic individuals, with doses ranging from 4,000-6,000
to 40,000-60,000 IU weekly [25]. Daily vitamin D doses of
4,000 IU may be needed to prevent vitamin D insufficiency
in obesity [26].

These pathophysiological aspects of vitamin D metabo-
lism in obesity provide context to the challenge of managing
patients who undergo bariatric surgery.

2.2 Bariatric surgery

Therapeutic approaches to severe obesity include lifestyle
and nutritional interventions, pharmacotherapy, and bariatric
surgery. Although bariatric surgery is not a novel treatment
[27, 28], the approach has gained in popularity, over the
past several decades, due in part to impressive evidence that
weight reduction can be sustained, metabolic comorbidities
such as diabetes ameliorated or even cured, and survival
improved [27]. Current guidelines recommend bariatric sur-
gery as an option in patients with a BMI> 35 kg/m?, regard-
less of presence, absence, or severity of comorbidities that
have not responded to non-surgical strategies [28].
Bariatric surgical procedures reduce body weight in dif-
ferent, but specific ways: restrictive procedures, in which
the size of the gastric pouch is greatly reduced; malabsorp-
tive procedures, in which malabsorption of nutrients mostly
contributes to weight loss; and a combination of these two
approaches [28]. Neurohormonal factors additionally con-
tribute to weight loss and metabolic improvement [29].
The most widely used bariatric surgery procedures are the
laparoscopic sleeve gastrectomy (SG) and the laparoscopic
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Roux-en Y gastric bypass (RYGB). In SG, approximately
80% of the body of the stomach is resected, creating a tubular
stomach based on its minor curvature. In RYGB, the stom-
ach is transected, creating a gastric pouch of approximately
one ounce capacity and a Roux-en-Y gastrojejunostomy, thus
diverting ingested nutrients from the body of the stomach,
duodenum, and proximal jejunum directly to the jejunum
[28]. SG is considered as a restrictive procedure primarily
with a reduced negative impact on nutrient absorption [27].
On the other hand, RYGB promotes weight loss by a combi-
nation of malabsorptive and restrictive effects [27]. Another
procedure is the biliopancreatic diversion with duodenal
switch (BPD). This complex operation involves a SG and
an anastomosis to bypass absorptive intestinal sites. BPD
is performed less frequently nowadays due to the severe
nutrient malabsorption and a higher incidence of short- and
long-term complications [28]. Other bariatric procedures
include the adjustable gastric band (AGB) and the vertical
banded gastroplasty [30]. The jejunoileal bypass, character-
ized by an intestinal bypass in which the proximal jejunum
is bypassed into the distal ileum and, thus, results in extreme
weight loss by way of profound nutritional malabsorption,
has essentially been abandoned due to its profound short- and
long-term malnutritional consequences [27]. Of the currently
used bariatric surgical procedures, SG is the most performed
worldwide, having overtaken RYGB in popularity about a
decade ago [31, 32]. One-anastomosis gastric bypass (OAGB,
or mini bypass) has recently emerged as an effective alterna-
tive procedure [33]. In recent years, less invasive endoscopic
procedures (bariatric endoscopy) have also been developed
and introduced in the treatment of obesity [34].

3 Aim of the recommendations

Patients with obesity undergoing bariatric surgery typically
have low preoperative 25(OH)D levels. Postoperatively, even
lower 25(OH)D levels are often observed irrespective of the
type of bariatric procedure, although further reductions are
particularly marked in malabsorptive procedures [1]. This
worsened vitamin D status is accompanied by reduced intes-
tinal calcium absorption and associated bone loss, the lat-
ter being multifactorial but importantly related to calcium
malabsorption [1, 35].

Currently, there are available expert opinions but no spe-
cific guidelines and no international consensus on strategies
and goals for vitamin D assessment and supplementation in
bariatric patients, pre- and post-surgery.

The aim of this study is to provide evidence-based rec-
ommendations on management and achievement of vita-
min D sufficiency, before and after bariatric surgery.

4 Material and methods

The systematic reviews and recommendations were organ-
ized into the following three sections: Section A: Vitamin
D in obesity; Section B: Assessment of vitamin D sta-
tus pre- and post-bariatric surgery; Section C: Vitamin
D supplementation after bariatric surgery. Each section
was the responsibility of three specific groups of partici-
pants. For each group, a coordinating leader permitted
smooth operational flow of information: J.P.B. for Section
A; A.G. for Section B; A.F. for Section C. After consti-
tution of the groups, each panel member was asked to
provide keywords for their section’s literature search. All
participants were also asked to provide one or more clini-
cal questions felt to be relevant for their specific group.
After the literature search was completed and subjected
to initial internal screening in duplicate, each participant
received all papers for validation of appropriateness and
for exclusion if duplicates or for other reasons. At the end
of the screening process, a qualitative assessment of each
paper was conducted in duplicate and independently with
specific tool, followed by meta-analysis. Meta-analysis
and systematic review of the literature was conducted in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) checklist
[36, 37].

Thresholds for defining vitamin D insufficiency varied
among the different studies analysed.

Many studies used the <30 ng/mL (75 nmol/L) value
of 25(OH)D to define vitamin D insufficiency according
to the Endocrine Society guidelines [38]. Other studies
utilized the <20 ng/mL (50 nmol/L) threshold, accord-
ing to the Institute of Medicine (IOM) guidelines [39]. A
few studies used both the < 30 and the < 20 thresholds. All
studies using the same threshold were analysed together.
The characteristics of the studies and the thresholds used
are specified in Section 5.

25(OH)D concentrations are reported in ng/mL. To
convert ng/mL to nmol/L use the following formula:
nmol/L =ng/mL*2.5.

Bariatric restrictive surgical procedures included SG
and AGB [27, 28]; bariatric malabsorptive surgical pro-
cedures included RYGB and BPD [27, 28]. Mainly mal-
absorptive, such as BPD, and combined malabsorptive
and restrictive procedures, such as RYGB, were pooled
together for the analyses.

4.1 Clinical questions and outcomes assessed
and PICOs description

The clinical questions were initially proposed by members
of each of the three sections. Then, the Consensus group
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assessed the final formulation of clinical questions focused
on the two main topics: 1) assessment of vitamin D status
pre- and post-bariatric surgery; 2) supplementation with
vitamin D post-bariatric surgery.

For these two major areas, we evaluated the following
key clinical questions and calculated pooled rates for the
possible relative outcomes extrapolated with the available
data and studies (Table 1).

The meta-analysis followed PICO methodology [37], includ-
ing for the first topic comparisons of the pooled data among
original studies, observational, interventional, and randomized
controlled trials (RCTs), reporting the prevalence of 25(OH)
D <30 ng/mL and 25(OH)D <20 ng/mL, and 25(OH)D levels
in patients undergoing bariatric surgery, pre- and post-surgery
without routine postoperative vitamin D supplementation.

The PICO format for our first topic was as follows; (A)
Patients: adults with obesity before and after bariatric sur-
gery; (B) Intervention: pre and postoperative prevalence of

vitamin D insufficiency using both insufficiency thresholds
of <30 and < 20 ng/mL, respectively, and 25(OH)D absolute
levels; (C) Comparator: not applicable; (D) Outcome: pre
and postoperative prevalence of 25(OH)D <30 ng/mL and
25(0H)D <20 ng/mL, and 25(OH)D levels.

The second topic of our meta-analysis also followed the PICO
format [37] and included the indirect comparisons not based on
head-to-head studies but on the indirect analyses of pooled esti-
mates of single cohort studies and the pooled data among original
studies, observational, interventional and RCTs, reporting the dif-
ferent options of vitamin D supplementation and the prevalence
of vitamin D insufficiency using both insufficiency thresholds
of <30 and <20 ng/mL, respectively, and 25(OH)D levels in
patients after bariatric surgery: (A) Patients: adults with obesity
after bariatric surgery; (B) Intervention: vitamin D supplementa-
tion after bariatric surgery; (C) Comparator: not applicable; (D)
Outcome: postoperative prevalence of 25(OH)D <30 ng/mL and
25(0OH)D <20 ng/mL, and 25(OH)D levels.

Table 1 Key clinical questions for the two topics are provided in this table

First Topic

Assessment of vitamin D status pre- and post-bariatric surgery

Key clinical questions

Outcomes

1) Should 25(OH)D levels be assessed before bariatric surgery?

2) Should 25(OH)D levels be assessed after bariatric surgery? Do
25(OH)D levels change after bariatric surgery without specific post-
operative supplementation?

3) Is there a difference between restrictive and malabsorptive surgery*
in postoperative vitamin D status?

" surgical procedures were categorized as malabsorptive (RYGB and
BPD) versus (vs) restrictive (AGB and SG)

1.1 Preoperative assessment of prevalence of 25(OH)D <30 ng/mL and
25(0OH)D <20 ng/mL

1.2 Preoperative assessment of 25(OH)D levels

1.1 Postoperative assessment of prevalence of 25(OH)D <30 ng/mL and
25(0OH)D <20 ng/mL

1.1 Odds ratios of 25(OH)D < 30 ng/mL and 25(OH)D <20 ng/mL in
restrictive vs malabsorptive surgery at different timepoints (6, 12 and
24 months postoperatively)

Second Topic

Supplementation with vitamin D post-bariatric surgery

Key clinical questions

QOutcomes

1) What dose of vitamin D is necessary for most patients who have
undergone bariatric surgery (RYGB, SG, AGB, BPD) to achieve and
maintain 25(OH)D levels of > 30 ng/mL?

2) Does the type of bariatric surgery influence the dose of vitamin D
supplement required?

3) Is there a role for intramuscular (im) vitamin D administration vs
oral vitamin D supplementation?

1.1 Prevalence of 25(OH)D < 30 ng/mL and 25(OH)D < 20 ng/mL with
high-dose vs low-dose supplementation*, among those who under-
went malabsorptive procedures AND those who underwent restrictive
procedures (at < 6 months and 6-24 months);

1.2 25(OH)D levels with high-dose vs low-dose supplementation,
among those who underwent malabsorptive procedures AND
those who underwent restrictive procedures (at <6 months and
6—24 months)

* High vitamin D supplementation was defined as a daily supplementa-
tion with > 2,000 Ul of vitamin D3. Low vitamin D supplementation
was defined as a daily supplementation with < 2,000 Ul of vitamin D3

1.1 High- and low-dose im supplementation vs high- and low-dose
oral supplementation in malabsorptive AND in restrictive surgery on
prevalence of 25(OH)D <30 ng/mL AND 25(OH)D <20 ng/mL at
different timepoints (< 6 months and 6-24 months)

1.2 High- and low-dose im supplementation vs high- and low-dose
oral supplementation in malabsorptive AND in restrictive surgery on
25(0OH)D levels at different timepoints (< 6 months and 6—24 months)
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4.2 Inclusion and exclusion criteria

The inclusion and exclusion criteria for study selection were
based on the two main criteria: 1) measurement of circu-
lating 25(OH)D levels pre- and post-bariatric surgery; 2)
Vitamin D supplementation post-bariatric surgery.

The analyses included data from RCTs, case—control,
and cohort studies that reported outcomes of interest. The
studies were included irrespective of whether they were
performed in the inpatient or outpatient setting, country of
origin, and follow-up if they provided the appropriate data
needed for the analysis. Studies not published in English,
small case series (< 10 patients), studies published only as
conference abstracts, unpublished works, oral or poster pres-
entations, review articles, and studies using animal models
were excluded.

4.3 Search strategy

The relevant medical literature was searched by a medical
librarian (F.C.) for studies reporting on the outcomes of
interest for the two topics of the meta-analysis. For each
Section the search strategy was created using a combina-
tion of keywords and standardized index terms (complete
list in the supplementary materials). A literature search
was conducted on PubMed, EMBASE, Cochrane Library,
and Google Scholar, including all studies fulfilling the
inclusion criteria published through the end of February
2022. Relevant reviews and meta-analyses in the field
were examined for potential additional suitable studies.
Two investigators (L.d.F., AG.) independently selected
articles of interest based on the aforementioned inclusion
and exclusion criteria.

4.4 Data extraction and quality assessment

Data on study participants, intervention-related charac-
teristics, and study-related outcomes from the individual
studies were abstracted into a standardized form by two
investigators (L.d.F., A.G.), independently. The quality
score was assessed by another third author independently
(A.F.) based on the Newcastle Ottawa scoring (NOS) sys-
tem for the observational and interventional studies, and
based on the Cochrane tool risk of bias scoring system for
RCTs [40, 41]. The overall quality of NOS was based on
Selection, Comparability and Outcome criteria, and the
Overall Quality identified as Unclear (U), Low (L), Mod-
erate (M), High (H), not available (NA). The overall qual-
ity of Cochrane tool risk of bias was based on Selection,
Performance, Detection, Attrition, Reporting, Other risk
of bias criteria identified as Low (L) or High (H).

GRADE criteria were used to rate the quality of evi-
dence derived from the meta-analysis [42].

Identified articles were reviewed and levels of evi-
dence were assigned by the study methodologist (A.F.).
The GRADE criteria for rating quality are summarized
here: RCTs are considered to have the highest quality of
evidence and can be downrated to moderate, low, or very
low quality based on risk of bias in the literature, indirect-
ness, imprecision, inconsistency (or heterogeneity) in the
data, or publication bias. On the other hand, observational
studies are deemed per se to have low quality of evidence.
Starting at the lowest rating of the two pairwise estimates
the rating of indirect estimates, when direct comparison
was not available, can be further downrated for impre-
cision or intransitivity (dissimilarity between studies in
terms of clinical or methodological characteristics) [42].
The summary statements developed from these articles
were assigned a grade of recommendations according to
a taxonomy ranging from systematic reviews of RCTs or
individual large RCTs supporting a strong recommenda-
tion, to expert opinion supporting the lowest grade of rec-
ommendation (from A =highest to D =lowest).

4.5 Statistical analyses

Study outcomes were pooled by using a random-effects
model based on the DerSimonian and Laird test, and
results were expressed as an odds ratio (OR) and a 95%
confidence interval (CI) in the case of categorical varia-
bles, mean difference and 95% CI in the case of continuous
variables. The presence of heterogeneity was calculated
using 12 tests with an 12 <20% interpreted as low-level and
an 12 between 20 to 50% interpreted as moderate heteroge-
neity. Any potential publication bias was verified by using
a visual assessment of funnel plots. A funnel plot is a sim-
ple scatter plot of the intervention effect estimates from
individual studies against some measure of each study’s
size or precision. All statistical analyses were conducted
using RevMan (version 5.0 for Windows; the Cochrane
Collaboration, Oxford, UK), OpenMeta [Analyst] soft-
ware, and R 3.0.2 (R Foundation for Statistical Computing,
Vienna, Austria). For all calculations, a two-tailed p value
of less than 0.05 was considered statistically significant.

5 Results

5.1 First topic: Assessment of vitamin D status
pre- and post-bariatric surgery

As shown in Fig. 1A), of 89 papers initially identified,
after the exclusion of articles not fulfilling the inclusion
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criteria, 24 studies [43-66] were included in the meta-
analyses. Of 24 included studies, 13 were retrospective
[43-45, 48, 49, 53-56, 62—-64, 66] and nine were prospec-
tive case—control studies [46, 47, 50, 51, 57-61], and two
were RCTs [52, 65].

Quality assessment of the studies included in this topic
is summarized in Supplementary (Suppl.) Tables 1-3.
In the following paragraphs the data analyses related to
each key clinical question formulated by the group will
be reported.

5.1.1 Key clinical question #1: Should 25(0OH)D levels be
assessed before bariatric surgery?

To answer this question, the prevalence of vitamin D insuf-
ficiency using the 25(OH)D <30 ng/mL and <20 ng/mL
thresholds, and mean circulating 25(OH)D levels before sur-
gery were assessed across the included studies. Of 24 papers
initially identified, 18 studies were evaluated [43—60]. Nine
were retrospective [43-45, 48, 49, 53-56] and eight were
prospective case—control studies [46, 47, 50-52, 57-60],

Abstract and duplicates excluded
— (n=47)

Full-text anticles assessed
excluded with reasons (n=18)

Abstract and duplicates excluded
(n=380)

Full-text anticles assessed
excluded with reasons (n=65)

Fig. 1 Flow diagram of studies A)
included and excluded in the
H I3 =
analifsefs. 1? qullc)] tAtxssess- % Documents Documents
medn o th) amin 1) status Rre— § identified through database identified through database
an pqst— ariatric surgery. . £ searching (n=54) sources (n=35)
B Topic 2 “Supplementation 3
with vitamin D post-bariatric
surgery”’
g
s Abstract and duplicates screening
g (n=89)
: I
=
= Full-text anticles assessed for eligibility
gs (n=42)
-
3 Included in the meta-analysis
=
E (n=24)
B)
s
k=1 Documents Documents
_§ identified through database identified through database
E searching (n=284) sources (n=200)
g
s Abstract and duplicates screening
g (n=484)
v
=
= Full-text anticles assessed for eligibility
= (n=104)
-
3 Included in the meta-analysis
=
e (n=39)
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and one was a RCT [52], including a total of 2,869 patients.
The studies defining hypovitaminosis D as 25(OH)D levels
below 30 ng/mL [44, 45, 4749, 53] and characterizing the
hypovitaminosis D status using both 30 ng/mL and 20 ng/
mL thresholds [46, 50-54] were analysed to evaluate the
prevalence of 25(OH)D < 30 ng/mL. The studies defining
hypovitaminosis D as 25(OH)D levels below 20 ng/mL [55,
56, 58—-60] and characterizing the hypovitaminosis D status
using both 30 ng/mL and 20 ng/mL thresholds [46, 50-54]
were analysed to evaluate the prevalence of 25(OH)D <20
ng/mL. The studies reporting also the absolute 25(OH)D
levels were analysed to evaluate the preoperative 25(OH)D
[44, 45, 47, 48, 50, 57-59].

As reported in Fig. 2, the pooled rates of preoperative
vitamin D insufficiency in patients who underwent bariatric
surgery were 85% (95% CI 79%-91%, 12=94.2%), using
the <30 ng/mL threshold (12 studies and 1781 patients)
[43-54], and 57% (95% CI 47%—68%, 12=95.7%) using
the <20 ng/mL threshold (11 studies and 1765 patients) [43,
46, 50-52, 54-56, 58-60], respectively.

As reported in Suppl. Fig. 1, the mean/median level of
preoperative 25(OH)D in patients undergoing bariatric sur-
gery was 19.75 (15.98-23.52) ng/mL (8 studies and 1227
patients, 12=88%) [44, 45, 47, 48, 50, 57-59].

Quality of evidence and publication bias of key clinical
question #1: most of the studies on which the meta-analysis
was based were non-comparative observational studies. There-
fore, a recommendation D, with low quality of evidence, due
to risk of bias and inconsistency, supported the assessment of
25(OH)D levels in all patients undergoing bariatric surgery.
Visual assessment of the funnel plot revealed relative symme-
try regarding primary outcome, thus implying low possibility

of publication bias for technical success and quality of evi-
dence was downrated only for risk of bias in the literature and
inconsistency (Suppl. Fig. 2).

The statement proposed by Consensus group regarding
key clinical question #1 was: “25(OH)D levels should
be evaluated preoperatively in all patients who undergo
bariatric surgery”.

Recommendation D; Low quality evidence.

5.1.2 Key clinical question #2: Should 25(0OH)D levels be
assessed after bariatric surgery? Do 25(0H)D levels
change after bariatric surgery without specific
postoperative supplementation?

To answer this question, prevalence of vitamin D insuffi-
ciency using 25(OH)D <30 ng/mL and <20 ng/mL thresh-
olds after surgery was assessed across included studies.
Only studies without routine postoperative use of vitamin
D were evaluated, and four studies fulfilled inclusion criteria
[61-64]. Of four included studies, three were retrospective
studies [62—64] and one was a prospective cohort study [61],
including a total of 394 patients. One study was analysed
to evaluate the prevalence of 25(OH)D <30 ng/mL [61],
and the other three studies were analysed to evaluate the
prevalence of 25(OH)D < 20 ng/mL [62—-64]. Pooled rates of
postoperative vitamin D insufficiency in patients after bari-
atric surgery (Suppl. Fig. 3) were 63% (95% CI 46%—79%)
(1 study and 243 patients, 12=92.56%), with <30 ng/mL
threshold [61], and 64% (95% CI 38%-90%) (3 studies
and 151 patients, 12=92.7%), using < 20 ng/mL threshold
[62-64].

A) B)

Weiner 2020 —=— 875%  0.82[0.76,0.87]

Caron 2017 . 9.04%  0.63[0.59,0.67] Gemmel 2009 - 9.47%  0.57[0.52,0.63]
Signori 2010 —a— 852%  0.85[0.79,0.92] Wener 2020 = 9.33%  0.48[0.41,0.55]
Coupaye 2013 —a— 8.14% 0.90[0.82, 0.98] Coupaye 2013 —— 8.94% 0.80[0.70, 0.90]
Sanchez-Hernandez 2025 —.— 861%  0.94[0.88,1.00] Jin 2009 = 9.21%  0.42[0.34,0.50]
Sinha 2011 —a— 777%  0.82[0.73,0.91] Gehrer 2015 = 9.32%  0.23[0.16,0.30]
Mahlay 2016 —a— 1.73%  0.82[0.73,0.91] Fleischer 2008 —— 7.20%  0.43[0.23,0.64]
Fleischer 2028 ——q 6.15%  0.87[0.73,1.01] Carlin 2006 —— 9.03%  0.53[0.43,0.62]
Lanzarini 2015 - 9.12%  0.94[0.90,0.98] Lanzarini 2015 - 9.39%  0.78[0.72,0.84]
Sayadi Shahraki 2019 —a—] 824%  0.77[0.70,0.84] Sayadi Shahrki 2019 - 9.17%  0.62[0.53,0.70]
Fish 2010 —a— 8.47%  0.83[0.77,0.90] Carlin 2006 (Il) - 9.45%  0.60[0.54, 0.66]
Wang 2016 | ] 8.46%  1.00[0.99,1.00] Wang 2016 - 9.48%  0.80(0.75,0.85]
RE Mobel - 100% 0.85[0.79,0.91] RE Mobel - 100% 0.57[0.47,0.68]
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Fig.2 Pooled analysis of preoperative prevalence of vitamin D insufficiency, as defined by 25(OH)D <30 ng/mL (A) and by <20 ng/mL (B), in

patients who underwent bariatric surgery
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Quality of evidence and publication bias for key clinical
question #2: since most of included studies were observational,
quality of evidence was rated low due to risk of literature bias
and inconsistency. The visual assessment of the funnel plot
showed relative symmetry regarding primary outcome, thus
implying low possibility of publication bias for technical suc-
cess and quality of evidence was downrated only for risk of
literature bias and inconsistency (Suppl. Fig. 4).

The statement proposed by Consensus group regarding
key clinical question #2 was: “25(OH)D levels should
be routinely evaluated in all patients who have under-
gone bariatric surgery. Without specific postoperative
supplementation, high rates of vitamin D insufficiency
are observed”.

Recommendation D; Low quality evidence.

5.1.3 Key clinical question #3: Is there a difference
between restrictive and malabsorptive surgery
in postoperative vitamin D status?

Odds ratios of preoperative and postoperative prevalence
of vitamin D insufficiency using the 25(OH)D <30 ng/mL
and <20 ng/mL thresholds in restrictive procedures versus
(vs) procedures with a malabsorptive component (collectively
classified as “malabsorptive”) at different timepoints (before
surgery and after 6, 12 and 24 months) were evaluated. Of 24
papers initially identified, after exclusion of articles without
available specific data, five studies were evaluated [51, 53,
60, 65, 66]. Two were retrospective [53, 66], two prospective
case—control studies [51, 60] and one was a RCT [65], includ-
ing a total of 593 patients. All five studies used routine postop-
erative vitamin D supplementation ranging from 400 to 3,000

A) Restrictive Malabsorptive Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fish 2010 35 100 65 100 48.0% 0.29 [0.16, 0.52] —
Vix 2014 66 127 81 127  52.0% 0.61[0.37, 1.02] —
Total (95% CI) 227 227 100.0% 0.43 [0.21, 0.89] ‘
Total events 101 146
Heterogeneity: Tau? = 0.21; Chi? = 3.67, df = 1 (P = 0.06); I = 73% k t t 1
Test for overall effect: Z = 2.26 (P = 0.02) 0.01 0.1 L 1 10 . 100
Favours restrictive  Favours Malabsorptive
B) Restrictive Malabsorptive Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fish 2010 52 127 80 127  26.5% 0.41[0.25, 0.67] ——
Lanzarini 2015 102 164 101 164 27.3% 1.03 [0.66, 1.60] —_
Villarasa 2013 14 66 16 66 21.6% 0.84 [0.37, 1.90] —
Vix 2014 48 100 80 100 24.6% 0.23[0.12, 0.43] e
Total (95% CI) 457 457 100.0% 0.53 [0.27, 1.06]
Total events 216 277
Heterogeneity: Tau? = 0.40; Chi? = 17.24, df = 3 (P = 0.0006); I> = 83% k t t t d
Test for overall effect: Z = 1.78 (P = 0.07) 0.01 0.1 . 10 100
Favours restrictive  Favours Malabsorptive
C) Restrictive Malabsorptive Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Fish 2010 64 127 93 127  48.5% 0.37[0.22, 0.63] ——
Lanzarini 2015 65 164 126 164 51.5% 0.20[0.12, 0.32] —
Total (95% CI) 291 291 100.0% 0.27 [0.15, 0.50] -
Total events 129 219
Heterogeneity: Tau? = 0.13; Chi? = 3.01, df = 1 (P = 0.08); 1> = 67% k t t 1
Test for overall effect: Z = 4.18 (P < 0.0001) 0.01 0.1 - 10 100
Favours restrictive ~ Favours Malabsorptive
D) Restrictive Malabsorptive Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gehrer 2010 43 136 71 136 49.8% 0.42 [0.26, 0.69] -
Lanzarini 2015 46 164 47 164 50.2% 0.97 [0.60, 1.57] ——
Total (95% CI) 300 300 100.0% 0.64 [0.28, 1.45]
Total events 89 118
Heterogeneity: Tau? = 0.28; Chi? = 5.57, df = 1 (P = 0.02); I = 82% , t t } |
Test for overall effect: Z = 1.07 (P = 0.29) 0.01 0.1 o1 10 100
Favours restrictive Favours Malabsorptive

Fig.3 Forest plots comparing restrictive vs malabsorptive surgery
in postoperative prevalence of vitamin D insufficiency, as defined by
25(0OH)D <30 ng/mL (A-C) and by <20 ng/mL (D). Panel A analy-
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[U/daily. The studies defining hypovitaminosis D as 25(OH)D
levels below 30 ng/mL [53, 65, 66] and characterizing hypovi-
taminosis D status using both 30 ng/mL and 20 ng/mL cut-offs
[51] were analysed to evaluate the prevalence of 25(OH)D <30
ng/mL. The studies defining hypovitaminosis D as 25(OH)D
levels below 20 ng/mL [60] and characterizing hypovitaminosis
D status using both 30 ng/mL and 20 ng/mL thresholds [51]
were analysed to evaluate prevalence of 25(OH)D < 20 ng/mL.

Based on four studies [51, 53, 65, 66] (457 patients), sig-
nificant differences in prevalence of 25(OH)D < 30 ng/mL
were found at 6 and 24 months after surgery between the two
groups, observing a lower rate in patients who underwent
restrictive compared with those who underwent malabsorp-
tive procedures (OR 0.43, 0.21-0.89, p=0.02, 12=73%;
OR 0.27, 0.15-0.5, p<0.0001, 12 =67%; respectively)
(Fig. 3). Odds ratios did not meet statistical significance at
the 12-month postoperative timepoint (OR 0.53, 0.27-1.06,
p=0.07, 12 =83%; respectively) (Fig. 3).

Additionally, analysing data of two studies [51, 60] (300
patients), differences in the prevalence of 25(OH)D <20 ng/mL
between the two groups at 12 months after surgery, were non-statis-
tically significant (OR 0.64, 0.28-1.45, p=0.29, 12=82%) (Fig. 3).

Quality of evidence and publication bias for key clinical
question #3: since most of included studies were observational,

quality of evidence suggesting different vitamin D outcomes
with the two surgical approaches was low, with risk of litera-
ture bias and inconsistency. The visual assessment of the fun-
nel plot disclosed relative symmetry regarding prevalence of
25(0OH)D < 30 ng/mL outcome, with low possible publication
bias for technical success (Suppl. Fig. 5).

The statement proposed by Consensus group regard-
ing key clinical question #3 was: “Patients undergoing
malabsorptive bariatric surgery have higher rates of
25(OH)D <30 ng/mL than those undergoing restrictive
bariatric surgery”.

Recommendation C; Low quality evidence.

5.2 Supplementation with vitamin D
post-bariatric surgery

As shown in Fig. 1 B), of 484 papers initially identified, after
the exclusion of articles not fulfilling inclusion criteria, 39 stud-
ies [43,44, 51, 65, 67-101] were included in the meta-analyses.
Of them, 16 were retrospective [43, 44, 72,74,75,77,79, 81,
82, 86, 89, 91, 94, 95, 97, 99], 11 were prospective case—con-
trol studies [51, 6771, 76, 80, 96, 98, 101] and 12 were RCTs

A) B)
Biagioni 2017 —a— 1069%  0.67[0.50,0.84] Costa 2015 —.— 1837%  0.84(0.74,094]
Boyce 2015 - 1182%  0.10[0.04,0.16] Coupaye 2014 . 2003%  083[0.75,091]
Chan 2015 - 1N71%  028[0.20,035] Flores 2010 — 2091%  0.68[0.62,0.74]
dos Santos 2021 - 11.92%  0.63[0.59,067] Galyean 2022 — 1163%  0.59[0.42,076]
Galyean 2022 —— 1149%  0.09[-0.01,0.19] Goldner 2018 (1) —_— 636%  0.54[0.27,0.81]
Coldner 2008 (1l —_— 913%  046[0.19,0.73] Lanzarini 2015 o N72%  078[0.72,0.84]
Coldner 2008 (Il —_— 988%  0.27[0.04,0.49]
Topart 2014 - 1163%  070[0.61,078] RE Mobel - 100%  074[0.66,082]
Lanzami 2015 = 1.73%  0.66[0.59,0.73] I I I I |
RE Mobel - 100%  0.43[0.26,0.60] 02 04 06 08 1
| | | | | | |

02 0 02 04 06 08 1
] D)
Carlin 2009 —— 1229%  0.13[0.01,025] Badstein 2015 - 16.88%  0.09(0.05,0.13]
Dogan 2014 - 1275%  0.29[0.22,036] Cota 2015 ——i 16.14%  0.64[0.52,077]
Einardottir 2010 .- 1250%  0.07[-0.02,0.16] Flores 2010 - 1676%  0.32[0.26,038]
Homan 2018 —_ 1M72%  056[039,073] Strain 2017 - 1674%  0.73[0.67,0.79]
lkramuddin 2015 f— 1227%  0.60[0.48,072] Lanzarini 205 — 16.65%  0.44[036,051]
Vix2014 e 2171%  0.80[0.72,088] Ruiz-Tovar 2016 - 16.83%  0.03[-0.02,0.07]
James 2016 - 1293%  0.15[0.11,019]
Lanzarini 2015 o 1274%  0.74[0.9,043] RE Mobel eat— 100%  0.37[0.14,060]
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Fig.4 Pooled analysis of postoperative prevalence of vitamin D insufficiency, as defined by 25(OH)D <30 ng/mL (A, B) and by <20 ng/mL (C,
D), in patients at 624 months after malabsorptive bariatric surgery treated with high- (A, C) and low-dose (B, D) of vitamin D supplementation
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Fig.5 Pooled analysis of postoperative 25(OH)D levels (ng/mL) at <6 months (A, B) and 6-24 months (C, D) after malabsorptive bariatric sur-
gery in patients treated with high- (A, C) and low-dose (B, D) of vitamin D supplementation

[65, 73,78, 83-85, 87, 88, 90, 92, 93, 100], including a total of
5,296 patients. Quality assessment of the studies included in
this topic is summarized in Suppl. Table 4.

5.2.1 Key clinical question #1: What dose of vitamin D
is necessary for most patients who have undergone
bariatric surgery to achieve and maintain 25(0OH)D
levels of =30 ng/mL? and Key clinical question #2:
Does the type of bariatric surgery influence the dose
of vitamin D supplementation required?

We evaluated the prevalence of vitamin D insufficiency
using 25(OH)D <30 ng/mL and <20 ng/mL thresholds, as

@ Springer

well as 25(OH)D levels in the postoperative setting. Two
postoperative timepoints were used: < 6 months and 6-24
months. Treatment doses were categorized as “high” if
vitamin D dose was > 2,000 IU/daily, or “low/standard”
if 2,000 IU/daily [1]. Data were also split by intervention
type (malabsorptive and restrictive). Studies defining hypo-
vitaminosis D as 25(OH)D levels below 30 ng/mL [44, 69,
72,74, 76, 79, 83, 84, 97] and characterizing vitamin D
status using both 30 ng/mL and 20 ng/mL thresholds [51,
75, 82] were used to evaluate prevalence of 25(OH)D <30
ng/mL. Studies defining hypovitaminosis D as 25(OH)D
levels less than 20 ng/mL [65, 70, 73, 77, 78, 80, 81, 85, 86,
88, 89, 93-95] and characterizing vitamin D status using
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Fig.6 Pooled analysis of postoperative prevalence of vitamin D insufficiency, as defined by 25(OH)D <30 ng/mL (A, B) and by <20 ng/mL (C,
D), in patients at 624 months after restrictive bariatric surgery treated with high- (A, C) and low-dose (B, D) of vitamin D supplementation

both 30 ng/mL and 20 ng/mL thresholds [51, 75, 82] were
analysed to evaluate prevalence of 25(OH)D <20 ng/mL.
Studies reporting 25(OH)D levels were analysed to estimate
postoperative vitamin D status [43, 44, 51, 65, 67-69, 71,
75-87, 89-96, 98-101].

A significant difference in prevalence of 25(OH)D <30
ng/mL (11 studies with 1623 patients) [51, 69, 72, 74-76,
79, 82-84, 97] but not of 25(OH)D <20 ng/mL (13 stud-
ies with 1570 patients) [51, 65, 70, 73, 75, 78, 80, 82, 86,
88, 89, 93, 95] was observed at 624 months after malab-
sorptive surgery. In fact, a significantly different prevalence
of 25(OH)D < 30 ng/mL was observed in patients treated
with high-dose vs low-dose supplementation (43% vs 74%,
p=0.01) (Fig. 4).

Based on 19 studies [65, 68, 69, 71, 7680, 84, 86, 87, 89,
90, 92, 96, 98, 99, 101] (2,490 patients) at < 6 months after
malabsorptive surgery higher 25(OH)D levels in patients
treated with high- vs low-dose supplementation (30.96 vs
20.55 ng/mL, p=0.03) were found (Fig. 5). This difference
in 25(OH)D levels was not statistically significant in 20
studies [51, 65, 69, 71, 75, 76, 78-80, 82-84, 86, 89-91,
95, 96, 98, 101] (2,432 patients) at 6—24 months (26.54 vs
23.84 ng/mL, p=0.21) (Fig. 5).

Significantly different prevalence of 25(OH)D <30 ng/
mL (3 studies, 777 patients) [44, 51, 76] and of 25(OH)
D <20 ng/mL (5 studies, 770 patients) [51, 65, 81, 85, 94]
was observed at 624 months after restrictive surgery in high
vs low-dose groups, with lower rates in patients with high-
dose supplementation (43% vs 74%, p=0.04 and 38% vs
51%, p=0.05, respectively) (Fig. 6). Conversely, a non-sig-
nificant difference in 25(OH)D was observed after restrictive
surgery between the two groups either at < 6 months (30.02

vs 39.4 ng/mL, p=0.43) (Fig. 7) [43, 44, 65, 76, 85, 93, 94,
96, 100, 101] (1,801 patients) or at 624 months (26.54 vs
36.25 ng/mL, p=0.55) [43, 44, 51, 65, 67, 76, 81, 85, 93,
94, 96] (2,337 patients) (Suppl. Fig. 6).

In summary, we observed in patients treated with high
(>2,000 IU daily) vs low doses (< 2,000 IU daily) of vitamin
D: 1) lower rates of 25(OH)D <30 ng/mL at 6-24 months
after either malabsorptive or restrictive surgery; 2) lower
rates of 25(OH)D <20 ng/mL at 6-24 months after restric-
tive surgery; 3) higher 25(OH)D levels at < 6 months after
malabsorptive surgery; 4) among those undergoing restrictive
procedures, no differences in 25(OH)D levels at any time-
points. Importantly, even with high-dose supplementation,
hypovitaminosis D was common after both forms of bariatric
procedures, independently of the biochemical definitions.

Quality of evidence and publication bias for key clini-
cal questions #1 and #2: since most of the included studies
were observational and non-comparative retrospective stud-
ies, quality of evidence was rated low due to risk of literature
bias and inconsistency. Visual assessment of the funnel plot
revealed relative symmetry regarding the different outcomes,
thus implying, despite the small number of studies, low pos-
sibility of publication bias (Suppl. Fig. 6).

The statement proposed by the Consensus group
regarding key clinical questions #1 and #2 was: “Post-
operative doses of vitamin D supplementation >2,000
[U/daily result in lower rates of vitamin D insuffi-
ciency (only as defined by 30 ng/mL threshold) com-
pared to doses <2,000 IU/daily, regardless of the type
of intervention and timepoints”.

Recommendation D; low quality evidence.
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Fig. 7 Pooled analysis of postoperative 25(OH)D levels (ng/mL) in patients < 6 months (A, B) and 624 months (C, D) after restrictive bariatric
surgery treated with high- (A, C) and low-dose (B, D) of vitamin D supplementation

5.2.2 Key clinical question #3: Is there a role
for intramuscular vitamin D administration
versus oral vitamin D supplementation?

Due to lack of data and low number of studies, only descrip-
tive statistics, comparing studies with intramuscular (im) vs
oral supplementation could be used for this analysis. Three
studies, one RCT, one observational and one prospective
interventional [70, 80, 87] specifically evaluated im vitamin
D supplementation (259 patients). Levels of 25(OH)D and
rates of hypovitaminosis D as defined by 25(OH)D <20 ng/
mL were compared in those with high- and low-dose im
supplementation vs high- and low-dose oral supplementation
only after malabsorptive surgery at <6 and 6-24 months.

We observed higher 25(OH)D levels at both < 6 and 6-24
months in those treated with high-dose im vs high-dose oral
supplementation (<6 months: 49.55 vs 30.9 ng/mL; 6-24
months: 29.4 vs 26.5 ng/mL). We observed higher 25(OH)
D levels at <6 months in those treated with low-dose im vs
low-dose oral supplementation (29.2 vs 20.55 ng/mL). We
also observed lower prevalence of 25(OH)D < 20 ng/mL, at
both < 6 and 6-24 months in those treated with high-dose im
vs high-dose oral supplementation (< 6 months: 3.7% vs 39%;
6-24 months: 7.5% vs 37%) and lower prevalence of 25(OH)
D <20 ng/mL at < 6 months in those treated with low-dose im
vs low-dose oral supplementation (9.1% vs 37%).
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The statement proposed by the group regarding clinical
question #3 was: “In patients undergoing malabsorptive
surgery, use of intramuscular supplementation may be
considered an alternative to oral supplementation, as it
results in higher 25(OH)D levels and lower rates of vita-
min D insufficiency, especially at high-dose”.
Recommendation D; low quality evidence.

Quality of evidence and publication bias for clinical
question #3: given lack of data and low number of studies,
descriptive statistics were used, and quality of evidence was
rated very low, relying mainly on expert opinion.

6 Discussion

These are first recommendations focused specifically on
clinical management of vitamin D status in obese patients
pre- and post-bariatric surgery based on systematic review
and meta-analysis of 25(OH)D levels and prevalence of
pre- and postoperative hypovitaminosis D in patients with
obesity undergoing restrictive and malabsorptive bariatric
procedures and supplemented after surgical treatment with
different vitamin D doses and routes of administration.
Results obtained through the meta-analyses were evalu-
ated by a panel of international experts who issued several
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statements on pre-defined clinical questions. Evidence levels
of these proposed statements were markedly influenced by
inconsistently controlled nature of the studies currently avail-
able in the literature and included in the meta-analysis, mostly
conducted with only observational and retrospective designs,
and evaluating non-randomised patient cohorts. Despite these
limitations, this is the first study systematically evaluating
the large amount of published data on vitamin D in patients
undergoing bariatric surgery, confirming that prevalence of
hypovitaminosis D, defined more (25(OH)D <20 ng/mL, as
per IOM guidelines) [39], or less restrictively (<30 ng/mL, as
per Endocrine Society guidelines) [38], is common urgently
calling for recommendations on assessment and management
of vitamin D status in this population.

6.1 Assessment of vitamin D status pre-
and post-bariatric surgery

Statement 1: “25(OH)D levels should be evaluated preoper-
atively in all patients who undergo bariatric surgery.” The
statement is based upon meta-analysis data reporting high
rate (85%) of preoperative vitamin D insufficiency defined
with less restrictive 25(OH)D threshold (<30 ng/mL) in
patients undergoing bariatric surgery. However, even using
a more restrictive threshold (<20 ng/mL) a high rate (57%)
of hypovitaminosis D was observed. These results are in
line with a prospective follow-up study including data from
164 patients with severe obesity treated with either SG [96]
or with RYGB [58], in which adequate 25(OH)D status
(>30 ng/mL) was found in only 5.7% of patients preop-
eratively. The prevalence of 25(OH)D levels > 20 and <30
ng/mL,> 10 and <20 ng/mL and < 10 ng/mL, was 15.1%,
59.1% and 20.1%, respectively [51]. Similar findings were
observed in a retrospective study on 211 patients assessed
pre-bariatric surgery for nutritional deficiencies, with a
rate of hypovitaminosis D up to 80% [54]. The statement
highlights widespread hypovitaminosis D in obese patients
undergoing bariatric surgery. It is thus recommended to
assess preoperative 25(OH)D levels, recognized as the most
reliable biochemical marker for defining vitamin D status
[3], in all these patients. All candidates for bariatric surgery
with vitamin D deficiency should be supplemented accord-
ing to existing guidelines [4].

Statement 2: “25(0OH)D levels should be routinely
assessed in all patients after bariatric surgery. With-
out postoperative supplementation, high rates of vita-
min D insufficiency are observed”. To date, it is widely
accepted that patients require vitamin D supplementation
after bariatric procedures although still administered with
different doses and types. Thus, we analysed vitamin D
status after bariatric surgery in the few available studies
in which patients were not vitamin D supplemented in

order to properly evaluate postoperative prevalence of
hypovitaminosis D. After an extensive literature search,
four studies fulfilling these criteria were included in the
meta-analyses and showed rates of postoperative vitamin
D insufficiency up to 64%. Thus, prevalence of 25(OH)
D <20 ng/mL was higher than that reported in the preop-
erative setting (57%). These results confirmed that 25(OH)
D levels should be routinely evaluated in all patients who
have after bariatric surgery and that these patients require
specific routine supplementation with vitamin D.
Statement 3: “Patients undergoing malabsorptive bari-
atric surgery have higher rates of 25(OH)D < 30 ng/mL
than those undergoing restrictive bariatric surgery”. Not
surprisingly, patients undergoing malabsorptive proce-
dures experience higher risk of post-surgical deficiency of
several nutrients as compared to those undergoing restric-
tive procedures. We systematically compared the impact
of procedures with a malabsorptive component with that
of purely restrictive procedures on patients’ postoperative
prevalence of 25(OH)D < 30 ng/mL and 25(OH)D < 20 ng/
mL. In line with what could be expected, but never system-
atically examined, higher rates of hypovitaminosis D were
found in patients after malabsorptive vs restrictive proce-
dures. However, non-significant differences were observed
in postoperative prevalence of more stringently defined
hypovitaminosis D between malabsorptive and restrictive
procedures, with highly significant rates also occurring in
patients undergoing restrictive procedures which are gen-
erally thought less likely to cause nutritional deficiencies.

6.2 Supplementation of vitamin D
post-bariatric surgery

Statement 1: “Postoperative doses of vitamin D supplemen-
tation > 2,000 1U/daily result in lower rates of vitamin D
insufficiency (only as defined by 30 ng/mL threshold) com-
pared to doses < 2,000 1U/daily, regardless of the type of
intervention and timepoints” .

Although there is general consensus about routinely sup-
plementing with vitamin D post bariatric surgery, in par-
ticular after malabsorptive procedures, specific guidance
on therapeutic dose regimens and strategies were based on
expert opinions or part of general guidelines on bone health
in bariatric patients [102]. In our search, we found highly
heterogeneous therapeutic approaches ranging from a daily
oral intake of 400-800 IU, as also suggested by recommen-
dations for healthy people, to very high doses, currently
avoided due to potential side effects [1].

Due to this significant heterogeneity, we categorized dif-
ferent therapeutic options into two main dose regimen catego-
ries: low/standard dose of daily oral vitamin D supplementa-
tion < 2,000 IU, and high-dose > 2,000 IU. Daily vitamin D
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supplementation > 2,000 IU was more effective in reducing
occurrence of postoperative hypovitaminosis D, even using more
restrictive definition, vs daily supplementation with <2,000 IU
after either restrictive or malabsorptive procedures.

Therefore, to prevent potential negative effects of bariat-
ric surgery on skeletal health [34], the group recommended
to treat all patients after bariatric procedures with at least
2,000 IU daily vitamin D3 supplementation and to periodi-
cally monitor 25(OH)D levels.

The lack of significance of high-dose vitamin D in obtaining
25(OH)D levels > 20 ng/mL in bariatric patients may depend
on several factors. In fact, they may include patients with very
pronounced lack of vitamin D who may require higher doses or
more prolonged treatment vs those used in examined studies.
Moreover, due to the lower number of patients meeting this
definition as compared to the 30 ng/mL threshold, statistical
significance may be more difficult to reach.

Statement 2: “In patients undergoing malabsorptive surgery,
the use of intramuscular supplementation may be considered
instead of the oral one, as it results in higher 25(OH)D levels and
lower rates of vitamin D insufficiency, especially at a high-dose”.

As previously discussed, bariatric surgery negatively affects
vitamin D status through variable degrees of intestinal malab-
sorption. The efficacy of oral supplementation is accordingly
reduced [31]. To circumvent this therapeutic challenge, other
routes of administration may be considered, particularly in those
with severe intestinal malabsorption. The parenteral route of
vitamin D administration has been shown to be effective and
safe in patients with hypovitaminosis D caused by severe intes-
tinal malabsorption [1]. The im route of vitamin D administra-
tion, although not always available worldwide, is recommended
as first therapeutic choice in several gastrointestinal disorders,
including inflammatory bowel diseases, pancreatic insufficiency,
short-bowel syndrome, untreated gluten enteropathy, and in
need for total parenteral nutrition [1]. For the first time to our
knowledge, we have systematically compared the efficacy in
increasing 25(OH)D levels and reducing hypovitaminosis D
occurrence between high- and low-dose im supplementation vs
high- and low-dose oral supplementation in patients undergoing
malabsorptive surgery. We observed that the im route was more
effective compared with oral administration, resulting in higher
25(OH)D levels and lower rates of vitamin D insufficiency, even
when defined with the more restrictive threshold, especially with
im high-dose. Therefore, in bariatric surgery, the Consensus
expert panel recommends that im vitamin D be considered as
a possible preferred route of administration, when available, in
patients who undergo malabsorptive procedures [103].

As previously mentioned, most of the studies included
in the analyses for vitamin D supplementation after surgery
were conducted using vitamin D3 formulations with a single
study included evaluating calcifediol use [51]. Also, only three
studies [74, 83, 96], two observational and one interventional,
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specifically evaluated ergocalciferol (vitamin D2) supplementa-
tion (854 patients). In these few latter studies, conducted after
malabsorptive or restrictive procedures with high-dose ergocal-
ciferol supplementation, postoperative 25(OH)D levels were in
the range of the pooled data observed in studies conducted with
cholecalciferol supplementation. However, due to the paucity of
data it was not possible to perform specific statistical analyses
and therefore issue any recommendations on the use of forms
of vitamin D other than cholecalciferol.

7 Limitations

Studies analysed used two different thresholds for defining vita-
min D insufficiency. Therefore, it was not possible to evaluate
the potential impact on our data of using lower thresholds that
are also used to define hypovitaminosis D [3]. However, the
relatively similar results observed in studies using less restric-
tive thresholds as compared to more stringent ones (as also
supported by the few studies in which both thresholds were
adopted [46, 50-54, 75, 82]) suggest that profound vitamin D
insufficiency occurs throughout the studies in patients undergo-
ing bariatric surgery. On the other hand, the absence of 25(OH)
D assay standardization and of assay quality assessment in stud-
ies analysed is a relevant limitation in our meta-analysis as in all
other similar works in the field of vitamin D [3].

Due to the heterogeneity of the studies and of the data
reported, no recommendations could be given concerning the
timing of vitamin D assessment, particularly during follow-
up. However, most studies assessed 25(OH)D levels within 3
months following the surgical procedure, a reasonable time-
point for decision making on early supplementation with vita-
min D. Moreover, due to the lack of data, it was not possible to
determine how to best monitor the adequacy of vitamin D sup-
plementation particularly in the postoperative period, and we
were not able to identify an exact dose-range for effective vita-
min D supplementation as well as a role for forms of vitamin D
other than cholecalciferol due to the lack of published evidence.
Finally, the literature review included studies enrolling only
adult patients and since bariatric surgery is now being done
also in adolescents who have not reached peak bone mass, the
impact of inadequate vitamin D may be even greater requiring
an urgent need to develop guidance on vitamin D supplementa-
tion also in such younger patients.

8 Conclusions
Our meta-analysis-based consensus should help guide clinical

practice in the assessment and management of vitamin D status
after bariatric surgery. Pre- and post-bariatric surgery 25(OH)D
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assessment as well as high-dose cholecalciferol supplementation
via either the oral or im route are recommended in patients under-
going bariatric surgery, regardless of the type of procedure. The
global implementation of these straightforward recommendations
could represent an important first step towards ensuring vitamin
D sufficiency for all patients after any bariatric surgery procedure.
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