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Summary Nutritional care after bariatric surgery is an issue of major importance, especially
insofar as risk of deﬁciency has been extensively described in the literature. Subsequent to
the deliberations carried out by a multidisciplinary working group, we are proposing a series of
recommendations elaborated using the Delphi-HAS (ofﬁcial French health authority) method,
which facilitates the drawing up of best practice and consensus recommendations based on
the data of the literature and on expert opinion. The recommendations in this paper pertain
to dietary management and physical activity, multivitamin and trace element supplementation
and the prevention and treatment of speciﬁc deﬁciencies in vitamins B1, B9, B12, D and calcium,
iron, zinc, vitamins A, E and K, dumping syndrome and reactive hypoglycemia.
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Method
This recommendation has been elaborated using a Delphi
method drawn up by the ofﬁcial French health authority
(HAS) and designated as ‘‘Recommendations by formalized
consensus’’, which is at once:
• a method leading to establishment of recommendations
for best practice and;
• a method aimed at achieving consensus [1].
A national panel of practitioners in public and private
bariatric and post-bariatric care structures including several physician nutritionists and bariatric surgeons possessing
both the requisite skills and wide-ranging experience was
selected by the steering committee. The relevance and
importance of each proposition were assessed using a discrete numerical scale graduated from 1 to 9; while a rating
of 1 signiﬁed that the proposition was deemed ‘‘totally inappropriate’’, a rating of 9 meant ‘‘totally appropriate’’, and
a rating of 5 corresponded to indecision. Following each
round, the experts’ responses were analyzed, incorporating
the remarks put forward with regard to each proposition,
before submitting them for the consideration in the following round. Following distribution of the ratings, the results
of the analyses were presented in the form of medians. They
were divided into three assessment classes: namely appropriate, inappropriate and uncertain, with two degrees of
agreement between experts: namely pronounced or relative agreement for the ﬁrst two classes, and indecision or
absence of consensus for the last class. The validated version was submitted for review by practitioners in a plenary
session. After two rounds of ratings, all of the propositions
except for #22 (appropriate and relative agreement) were
deemed appropriate, with pronounced agreement (details
of the DELPHI method available online in the long version of
the recommendations — Appendix 1).

Which lacks or deﬁciencies should be
targeted prior to bariatric surgery?

What dietary approach should be applied
subsequent to bariatric surgery?

Following bariatric surgery (whatever the type of
operation), management by a dietitian-nutritionist is
indispensable.
Following bariatric surgery (whatever the type
of operation), long-term protein intake should be
encouraged, in association with physical activity, in
view of limiting muscle atrophy and loss of function,
as well as malnutrition.
Recommended protein intake consists in a minimum
of 60 g/day and, ideally, at least 1.1 g of proteins/ideal
weight in kg/day.
Notwithstanding tailored dietetic advice, in some
cases the objective of 60 g of proteins a day fails
to be reached, and oral or proteinaceous nutritional
supplements may be useful.

Following bariatric surgery, management by a dietitiannutritionist appears indispensable [6]. Data in the literature
are scarce. A pilot study [7] nonetheless illustrates the interest of this type of eating habit modiﬁcation management,
which can have substantial inﬂuence on long-term weight
loss maintenance. Attentiveness to rheology (how one’s food
looks and feels), avoidance of vomiting, fractionated nutrition and dietary advice in view of precluding the dumping
syndrome are useful during the ﬁrst weeks following an operation.

Future research
The future research will be:
• protein needs in the obese patient;
• clinical effects of protein supplementation and type of
proteins during the dynamic weight loss phase

What are the recommendations for
physical activity after bariatric surgery?
A nutritional and vitamin-based assessment (albumin,
hemoglobin, ferritin assay and transferrin saturation
coefﬁcient, serum calcium, 25-hydoxy vitamin D,
vitamins B1, B9, B12) and correction of possible
nutritional deﬁciencies are recommended by the HAS
prior to an operation, whatever the type of planned
surgery [2].

The prevalence of micronutrient deﬁciency may be markedly high in an obese patient or prior to bariatric surgery.
The most frequently reported deﬁciencies have involved
vitamins B1, B9, A, C and D and B12 [3—5].

Future research
The future research will be the:
• validation of the markers of micronutrient deﬁciency in an
obese person (distinction between metabolic adaptation
and deﬁciency or lack);
• physiopathological studies.

Following bariatric surgery (whatever the type of
operation), regular tailored physical activity should be
encouraged, subsequent to the surgeon’s agreement
and, if possible, that of a physical exercise professional
(Adapted physical activity — APA — instructor,
kinesitherapist).
The objective is to target endurance activity,
adapted to the age and capacities of the patient,
lasting at least 30 minutes, 5 days a week, and
associated with muscle reinforcement sessions 2 or 3
times a week.
Early mobilization (walking. . .) is to be encouraged
as of the 1st postoperative day (in cases of laparoscopic
approach) subsequent to the surgeon’s agreement.

These recommendations are in conformity with those
of the WHO and the French PNNS on physical activity and
health, recommendations updated in 2016 by the ANSES network with regard to the general population [8—11] and by
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the Haute Autorité de santé (HAS) recommendations for the
improved post-surgical rehabilitation program (RAAC) [10]
and for the prevention of venous thromboembolic disease
(European recommendations) [12].

How can speciﬁc vitamin and trace
element deﬁciencies be prevented and
treated?

Future research

Vitamin B1

Elaboration of tailored physical activity retraining programs
prior to surgery and during the dynamic ‘‘slimming down’’
or weight loss phase.

Which supplementary multivitamins and
trace elements should be prescribed?

During the ‘‘slimming down’’ phase, whatever the
type of operation, multivitamin and trace element
supplements are strongly recommended.
Following Roux-en-Y and malabsorptive (biliopancreatic deviation surgery) and in the absence
of long-term data, multivitamin and trace element
supplements are recommended throughout the rest of
the patient’s life.

The proposition underpinning these recommendations is
premised on a distinction between slimming down and the
subsequent phase. During the initial weight loss phase (the
ﬁrst year), micronutrient intakes do not sufﬁce to cover the
patient’s needs. Whatever the type of operation, they are
inferior to 50% of the French nutritional reference (RNP)
requirements [13—20]. During this phase, the addition of
multivitamins and trace elements provides partial coverage
of the patient’s needs [21]. Even without long-term postoperative data, this proposition is valid with regard to sleeve
gastrectomy [22].
In the long-term, continued supplementation can be
justiﬁed according to calorie intake level and degree of
malabsorption, which vary according to type of operation,
and to the results of systematically performed bioassays
[5,15—17,20]. In addition to the impact of vitamin supplementation on the number of deﬁciencies, it has been shown
that some postoperative deﬁciencies are associated not only
with short-term preoperative deﬁciencies [18,23], but also
with those persisting more than two years after sleeve gastrectomy [24,25].

Future research
The future research will be:
• early identiﬁcation of patients at high risk of deﬁciency
(predictive factors for deﬁciency risk);
• elaboration of appropriate screening and assessment tools
according to the results of present and future interventional trials;
• anticipation of micronutrient needs according to type of
intervention and the speciﬁcities of individual patients.
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Following bariatric surgery, even in the absence of
any clinical sign or pathological bioassay, a patient
presenting over several days with food intolerance
and repeated digestive disorders (vomiting. . .) requires
thiamine (vitamin B1) supplementation, whatever the
type of surgery.
Following bariatric surgery, a patient presenting
with digestive disorders (vomiting, diarrhea, food
intolerance) associated with speciﬁc or non-speciﬁc
neurological or psychiatric signs, must systematically
be treated for Gayet-Wernicke encephalopathy (also
known as Gayet-Wernicke syndrome) even while other
possible etiologies are being explored.
In the event of suspected Gayet-Wernicke
encephalopathy, it is recommended to provide
vitamin B1 supplementation by parenteral route
(500 mg 3×/d) for 3 days, and that it be associated
ﬁrst with magnesium supplementation (magnesium
sulfate at 6 to 8 mmol of magnesium-element over a
period of 24 hours), and then at 250 mg/d by oral or
parenteral route for at least 5 days, without waiting
for the biological result of the thiamine assay, which
may be normal.

Prevalence of low vitamin B1 concentration following
bariatric surgery ranges from 1 to 49% according to type of
operation and duration of monitoring [26—31]. After Rouxen-Y gastric bypass, 6% prevalence has been found during
the 4 years of follow-up [32]. After sleeve gastrectomy,
low concentration has been found in 0.5% of patients at 6
months and in 6% after 2 years [27,33]. Also after sleeve
gastrectomy, another study reported a high risk of vitamin
B1 insufﬁciency (26%) during the ﬁrst postoperative year,
with high initial BMI, vomiting and Afro-American ethnicity
appearing as independent risk factors [27].
Prevalence of Gayet-Wernicke encephalopathy approximates 20 cases/10,000 procedures, with malabsorptive
surgery (bilio-pancreatic deviation) predominating [26];
were autopsy series to be included, prevalence would be
higher (0.6 to 2%) [34].
Given the non-toxicity, even at high doses, of vitamin B1,
and taking into account the imperfection of plasma assay,
this vitamin may be used in prevention and empirical treatment of all patients suspected of deﬁciencies, whatever may
be the assay results. Indeed, Gayet-Wernicke prevention by
means of vitamin B1 supplementation must be systematic in
any patient presenting with digestive disorders, vomiting or
prolonged diarrhea, particularly after digestive surgery, and
also in any patient at risk of refeeding syndrome (RFS). As
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a rule, a dose of 100 mg is prescribed, by perfusion or by
intramuscular injection when the patient vomits, or by oral
route if he does not [35]. That such said, there exists no risk
of hypervitaminosis, and the doses habitually prescribed in
western countries are markedly higher than 100 mg [36—40].
In the event of suggestive neurological signs, treatment by parenteral route must get underway immediately
[26]. Relay by the oral route is generally possible. During
this phase, carbohydrate intake is classically limited. In a
‘‘wet’’ thiamine deﬁciency (beriberi), treatment by vitamin B1 at a dose of 50 to 100 mg/day by parenteral
route improves cardiac function; it is relayed by oral route
(10 mg/d) [35].
Magnesium is a cofactor for transketolase and thiamine pyrophosphokinase. Magnesium deﬁciency is a classical
cause of resistance to vitamin B1 supplementation during
deﬁciency syndromes [41]. Magnesium is consequently systematically associated with vitamin B1 supplementation.

Vitamin B12

Following Roux-en-Y bypass, high prevalence of vitamin
B12 deﬁciency and the number of patients lost
to follow-up justify systematic supplementation and
systematic biological monitoring 3 times during the ﬁrst
year and subsequently once or twice a year, for the rest
of the patient’s life in the absence of long-term data.
Following sleeve gastrectomy, prevalence of vitamin
B12 deﬁciency may be high, thereby justifying
systematic biological monitoring once or twice a
year in the long-term. In cases of deﬁciency, oral
supplementation should get underway and be pursued
for the rest of the patient’s life, in the absence of
long-term data.
Following bilio-pancreatic deviation, with or
without duodenal switch, high prevalence of
vitamin B12 deﬁciency justiﬁes lifelong systematic
supplementation and systematic biological monitoring
3 times during the ﬁrst year and subsequently once or
twice a year, for the rest of the patient’s life in the
absence of long-term data.
Systematic vitamin B12 supplementation is
administered by oral route at a daily dose of 250 g/d
to 350 g/d or a weekly dose of 1 or 2 1000 g vials of
vitamin B12. The alternative is to prescribe 1000 g
supplementation by intramuscular injection every 1 to
3 months, or else 3000 g every 6 months, in the event
of non-compliance or ineffectiveness by oral route. In
case of deﬁciency, a dose of 1000 g/d for 2 weeks by
oral route can successfully alleviate the insufﬁciency.

While vitamin B12 deﬁciency is extremely frequent following Roux-en-Y bypass surgery, it is by no means rare after
restrictive surgery.
Following gastric bypass surgery, systematic supplementation is justiﬁed by the following arguments [15,32,42—52]:
• prevalence of deﬁciency or insufﬁciency following gastric bypass is markedly high, as is the case after other
malabsorptive surgeries;
• prevalence of patients lost to follow-up is extremely
high, and the risk of non-screening for the deﬁciency is

correspondingly elevated. In this context, it seems unreasonable to await the exhaustion of hepatic reserves;
• long-term vitamin B12 deﬁciency can have severe repercussions, particularly from a neuro-psychiatric standpoint
(neuropathy, accelerated cognitive decline. . .);
• even at exceedingly high doses, the vitamin is not known
to be in any way toxic;
• the low cost and high effectiveness of vitamin B12
supplementation by the oral route have been amply
demonstrated.
Following sleeve gastrectomy, the main recommendations pertain to systematic supplementation adjusted to
vitamin B12 serum levels (American recommendations)
[53,54]. An alternative strategy, recommended by the majority of French experts, consists in supplementation in cases
of patent deﬁciency. The data in the literature do not allow
for adjudication [16,22,25,44,45,55—64].
After bilio-pancreatic bypass, only one study evaluated
the long-term (more than 10 years) prevalence of deﬁciency
subsequent to this operation [65]. In this series, 23.9% of the
patients underwent intramuscular injection of vitamin B12
supplementation; among those without recent supplementation, 2.7% presented insufﬁciencies.
Oral supplementation was thereby shown to be possible
when vitamin B12 was provided in a crystal form and at a
high dose [66], provided that 1000 to 2000 g/d were administered during the ﬁrst weeks, and subsequently weekly
and monthly [67]. Pharmacokinetic studies have shown that
approximately 1 to 5% of a dose exceeding 25 g is absorbed
passively, that is to say 10 g for a dose of 1000 g, (advised
nutritional intake = 2.4 g/d) [68]. Following gastric bypass
surgery, doses range from 350 g/d [69] to 1000 g/week. At
times, the dose can be doubled, and intermuscular injection
remains exceptional [47]. Possible non-compliance and longterm loss to follow-up remain the principal obstacles, and
supplementation strategy must be taken into close account
[70]. The parenteral route can be justiﬁed in the event of
non-compliance or ineffectiveness of the oral route (microbial pullulation).

Future research
The future research will be:
• factors and tests predictive of deﬁciency risk;
• prevalence of vitamin B12 deﬁciency after sleeve gastrectomy, in the absence of supplementation;
• supplementation strategy following sleeve gastrectomy so
as to avoid deﬁciency risk, at minimum cost.

Vitamin D and calcium
Following Roux-en-Y bypass or sleeve gastrectomy,
systematic
vitamin
D
supplementation
is
recommended.
Following Roux-en-Y bypass or sleeve gastrectomy,
systematic vitamin D supplementation by oral route is
recommended either daily (at least 800 IU of vitamin
D/d), or at a dose of 100,000 IU every month, or less
frequently according to the dosage of 25-OH vitamin D
(objective > 30 ng/mL).
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Following Roux-en-Y bypass or sleeve gastrectomy,
calcium supplementation must be associated with
vitamin D when oral intake is insufﬁcient and/or in
the event of increased parathormone or decreased
calcinuria. One should begin with a calcium dose of
1000 mg taken twice a day according to food intake.
After malabsorptive surgery (bilio-pancreatic
deviation with or without duodenal switch), systematic
long-term vitamin D supplementation is called for.
After malabsorptive surgery (bilio-pancreatic
deviation with or without duodenal switch), vitamin
D supplementation is carried out by the oral route,
at a dose of 50,000 IU, 1 or 2 times a week, or else
by intramuscular injection (200,000 IU/month) and
associated with 1—1.5 g of calcium a day.
After Roux-en-Y bypass, vertical sleeve gastrectomy
or malabsorptive surgery (bilio-pancreatic deviation
with or without duodenal switch), calcium citrate is
to be preferred to the other forms of calcium.

While in 90% of cases Vitamin D insufﬁciency pre-exists
surgical intervention [71], more often than not it is aggravated after the operation. Accelerated osteoporosis is one of
the long-term complications to be feared, especially insofar as it entails increased risk of fracture [72]. And given
the major risk of loss to follow-up, systematic supplementation is recommended following Roux-en-Y gastric bypass
[72—84], sleeve gastrectomy [15,21,56,57,85—88] and biliopancreatic deviation [65,72].
It seems reasonable to provide calcium supplementation only for patients with deﬁcient intake and increased
PTH or low urine calcium following Roux-en-Y gastric
bypass, sleeve gastrectomy [56], and a large proportion of
patients lost to follow-up (from 66 to 90%) [22,56,59,61,62].
Following bilio-pancreatic deviation surgery, the risk of
accelerated osteoporosis and the risk of fracture are major.
[65,72,89,90].
Numerous studies [64,76,91] have shown that in the
absence of gastric acidity, calcium citrate was optimally
absorbed.

Future research
Strategy for risk fracture prevention.

Iron deﬁciency
Iron malabsorption in obese subjects has been conﬁrmed
in different studies [92—95]. Increased iron absorption by
vitamin C remains present but shows imbalance according
to corpulence (28% in an obese patient vs. 56% in a person
of standard weight) [94,95].
Iron deﬁciency is highly frequent following bariatric surgery. It is associated with insufﬁcient intake and a degree
of malabsorption that varies according to type of operation.
The elevated prevalence of iron deﬁciency tends to ﬂuctuate from one study to the next (about one third of patients
after gastroplasty [96] and more than 50% following Roux-enY bypass) [42,46,97]. In any case, it is the principal cause of
anemia subsequent to bariatric surgery [43]. Analysis in the
literature is biased by the fact that supplementation modalities, multivitamin composition and patient compliance are
not taken into account.

5

Whatever the type of operation, risk of iron deﬁciency
after bariatric surgery is markedly high, particularly
in menstruating women, notwithstanding intake of
multivitamin and trace element supplements. Risk of
iron deﬁciency amply justiﬁes systematic screening,
3 times during the ﬁrst year, and subsequently once
or twice a year by ﬁrst-line ferritin assay and, if
necessary, by calculation of the siderophilin saturation
coefﬁcient.
In the event of iron deﬁciency, ﬁrst-line iron
supplementation is provided by prescription of an
orally administered dose of 60 to 200 mg of iron,
sufﬁciently before or after intake of any food inhibiting
its absorption (tea and vegetables, particularly highﬁber nutrients).
Intravenous iron supplementation is limited to
cases marked by failure and/or intolerance of oral
supplementation or in the event of patent iron
deﬁciency anemia with hemoglobin level < 10 g/dL. The
maximum intravenously infused dose is 1 g.

In the few available published studies on cases following
sleeve gastrectomy involving multivitamin supplementation
containing sizable doses of iron (40 to 70 mg), the prevalences are extremely variable (from 4,9% [98] to 43%
[15,16,55,56,60,63]). No long-term study including a sufﬁcient number of patients is currently available.
After bilio-pancreatic deviation with or without duodenal switch, at 5 years, in a series of patients [31] with a
common 100 cm loop, 40% of them required iron infusion,
while 17.6% were in need of blood transfusion [99]. At 10
years [65], in a series of 153 patients with a common loop of
75 to 100 cm, iron deﬁciency appeared in 56.5% of patients
receiving supplementation and in 58.8% of those not receiving supplementation. While 37.2% required iron infusion,
anemia was found in 30.3% of the female patients.

Oral supplementation
Multivitamin/mineral supplements fail to prevent iron deﬁciency. More speciﬁcally, the iron doses contained in these
supplements usually do not sufﬁce to avoid deﬁciencies
in women of childbearing age having undergone Roux-en-Y
bypass surgery [43]. In the forms most habitually consumed in France, they generally contain less than 14 mg.
Systematic supplementation in women of childbearing age
having undergone Roux-en-Y bypass surgery is far from unanimously recommended; while reduced iron storage among
these patients is well-documented, supplementation is not
without drawbacks. For one thing, an appropriate dosage
level has yet to be established; that said, subsequent
to Roux-en-Y bypass, 200 mg of elemental iron by day
may avoid iron deﬁciency [100]. However, while this dose
can maintain iron storage (ferritinemia correction), it is
unlikely to totally prevent anemia, which may be multifactorial [43,101]. Prolonged oral iron supplementation in the
absence of deﬁciency is by no means devoid of risk [102]:
• prolonged oral iron intake can lead to malabsorption of
other micronutrients, particularly zinc but also manganese, chromium and selenium [103];
• digestive tolerance is relatively unsatisfactory; digestive
discomfort, constipation, nausea and diarrhea combine to
render tolerance problematic [104];
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• potential colic toxicity [105].
When deﬁciency has been observed, speciﬁc supplementation in medicinal form is called for.
Subsequent to iron deﬁciency correction, which is monitored by ferritin assay, the means of supplementation most
apt to prevent iron deﬁciency recurrence remains undetermined. The existing data have not led to establishment of
an optimal strategy; should it be long-term low-dose supplementation or sequential supplementation in the event of
obvious lack? For the same reasons as those cited previously
(interactions between micronutrients, implication of iron
in colic carcinogenesis, digestive discomfort. . .), sequential
supplementation in cases of patent insufﬁciency could be
preferable to continuous low-dose supplementation, but
as a strategy, it may be counterbalanced by risk of loss
to follow-up, absence of regular biological check-up, or a
factor causing persistent deﬁciency (vegetarian diet, heavy
menstrual periods. . .). Modiﬁed means of contraception,
diversiﬁed diet and arrival of menopause may in some cases
sufﬁce to avoid recurrent insufﬁciency. . .

Intravenous supplementation
Iron intake by intravenous injection may be necessary due
to poor absorption of oral iron and/or intolerance of oral
iron and/or in cases of severe deﬁciency. In the absence of
any study speciﬁcally following bariatric surgery, intravenous supplementation is justiﬁed when hemoglobinemia is
inferior to 10 g/dL, with ferritin < 30 g/L [106,107].

Future research
The role of injectable iron.

Zinc deﬁciency: recommendations

In the event of zinc deﬁciency, supplementation needs
to be associated with copper (1 mg of copper for
10 mg of zinc) and not exceed 30 mg/d except in
cases of severe malabsorption; it also requires regular
reassessment due to risks of interactions with other
micronutrients (folate, calcium, iron. . .).
Oral zinc intake should take place before or after
intake of multivitamin and trace element supplements.

While zinc deﬁciency after bariatric surgery is frequent,
it is only rarely symptomatic [108,109]. Cases of acrodermatitis have nevertheless been reported [110,111]. A
meta-analysis involving 23 studies has shown that zinc
plasma levels decrease signiﬁcantly after bariatric after
the operation, whatever the type of surgery, and that
the diminution persists more than 12 months postoperatively, notwithstanding intake of multivitamins containing
zinc [4,112].
Supplementation must reckon with absorption competition involving zinc, iron and copper [113]. Prolonged iron
supplementation by oral route thereby dose-dependently
alters zinc and copper absorption [114]. Last but not least,
excessive zinc supplementation can lead to sequestering of
the copper ion in enterocytes secondarily to positive regu-

lation by zinc of the copper-binding metallothionines and
prevent the copper ion from circulating [115]. That is why
supplementation of 8 to 15 mg of zinc should be associated
with supplementation of 1 mg of copper [116,117].
Given the aforementioned absorption competitions, zinc
intake needs to occur before or after iron and copper intake
or iron intake [118,119]. Zinc gluconate is relatively easily
absorbed and should be favored.
Following sleeve gastrectomy or Roux-en-Y bypass the
zinc dose recommended to correct insufﬁciency is 15 to
30 mg/d. In the event of malabsorption, a daily dose of
60 mg/d can be recommended. In any case, supplementation should be regularly adjusted to the relevant circulating
levels. While a recommendation of sequential supplementation may in some cases be justiﬁed, it exposes patients
to risk of recurrence, especially when iron supplementation
maintenance is recommended in parallel.

Future research
The future research will be:
• Zinc deﬁciency markers;
• Long-term supplementation (factors predictive of deﬁciency and doses needed to prevent deﬁciency).

Folate deﬁciency: recommendations

Preventive
supplementation
in
folic
acid
(400—800 g/d) must be systematic in any woman
suspending her contraception or desiring pregnancy.
Preventive supplementation in folic acid is optimally
carried out 3 months before conception (at least 4
weeks, non-optimally, prior to conception). It should
be pursued up until the 12th week of amenorrhea.
Commentaries: see recommendations for bariatric
surgery and pregnancy [120].

Vitamins A, E and K: recommendations
Following malabsorptive operations and long afferent
loop surgery, risk of liposoluble vitamin deﬁciencies is
increased by malabsorption.
Vitamin A deﬁciency rarely occurs following Roux-en-Y
bypass or sleeve gastrectomy but is high following malabsorptive surgery (>25%) [65,99,121,122]. At 2 to 4 years after
the operation, vitamin K deﬁciency was found in 50% to 70%
of cases [99,116]. Vitamin E deﬁciency is a rare occurrence
after malabsorptive surgery (5%).
In acute cases, the safety limit of Vitamin A supplementation is set at 100,000 IU (30,000 g)/kg, and in chronic
cases, at 25,000 IU (7500 g)/d. Toxicity risks increase when
RBP concentration is reduced, especially in the event of
malnutrition [123]. Following malabsorptive surgery, no
prospective study is currently available to assess the doses
necessary to effectively prevent Vitamin A insufﬁciency,
whether in isolation or in association. In fact, while dosages
range from 4000 IU to 10,000 IU/d of retinyl palmitate, socalled empirical doses of as much as 25,000 IU/d have been
reported following malabsorptive surgery [116]. In the event
of patent symptomatic deﬁciency, even higher doses (up to
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Following surgery entailing malabsorption with
steatorrhea (essentially bilio-pancreatic deviation
with or without duodenal switch, omega loop gastric
bypass and single anastomosis duodeno-ileal bypass
with sleeve gastrectomy), it is recommended to
systematically screen for deﬁciencies in vitamins A, E
and K and to provide supplementation in the event of
insufﬁciency.
In the event of vitamin A deﬁciency, while
supplementation should approximate 50,000 UI a week
(1 capsule of 50,000 IU a week or 1 vial of 200,000 IU
a month), it may in some cases be higher, particularly
in the event of symptomatic deﬁciency and according
to degree of malabsorption and biological control. Due
to risk of toxicity, excessive intake is to be avoided. It
may be prudent to verify absence of pregnancy, which
would necessitate cautious management.
In the event of vitamin K insufﬁciency,
supplementation consists in 2 mg to 10 mg/week
by oral route, to be reassessed according to bioassay.
In the event of vitamin E insufﬁciency,
supplementation usually ranges from 400 to 500
IU/d (all isomers included), and may exceptionally
reach 1200 IU a day, to be reassessed according to
bioassay.

65,000 units/day for 2 or 3 months) may at times be called for; the exact dose will be determined according to
biological monitoring.
As regards vitamin E supplementation, when taking into
consideration current supplementation practices for pancreatic insufﬁciency associated with cystic ﬁbrosis, the
meta-analysis on this pathology carried out by Okebukola
et al. ([124]: Cochrane database) showed that since recommended dietary allowance (RDA) for an adult is 15 mg/d
(22.5 U), the required doses should not exceed 1200 U. Following malabsorptive surgery, a dose of 400 to 500 IU a day
would appear sufﬁcient, and a higher dose is not deemed
advisable [125]. Excessive vitamin E can bring about asthenia
and even, exceptionally, cerebral hemorrhage.
Analogically to the Vitamin K needs in patients suffering from intestinal insufﬁciency, supplementation of
10 mg/week appears sufﬁcient.

How are dumping syndrome and reactive
hypoglycemia to be treated?
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Reactive hypoglycemia (also known as late dumping
syndrome), provokes adrenergic (sweat, palpitations,
trembling. . .) and even neuroglycopenic symptoms
(confusion, diplopia. . .) and is concomitant with
glycemia < 0.5 g/L. It generally occurs 1 to 3 hours
after carbohydrate intake and necessitates dietary
counseling, which will be largely aimed at reducing the
glycemic index (GI) of ingested food (food with GI > 70
is to be avoided) and at fractionating meals.
In the event of repeated episodes of reactive
hypoglycemia not responding or insufﬁciently
responding to dietary management, treatment
by alpha-glucosidase inhibitor (acarbose) may be
effective.
In the event of hypoglycemic episodes or unease
persisting in spite of dietary counseling, search for
another cause is desirable, if only in view of excluding
organic hypoglycemia or other etiologies.

Treatment and management are based on:
• dietary measures often sufﬁce to avoid hypoglycemia.
The objective is to reduce not so much the quantity of
carbohydrates as the glycemic index of foods ingested
(rather than meals eaten); sweet beverages and sugary
food consumed outside of meals are to be ruled out [126].
Indeed, following total or partial gastrectomy a food’s glycemic index (and not that of a meal, given that there
can no longer be any effect on gastric emptying. . .) is
of decisive importance. Addition of food slowing gastric
emptying makes no difference;
• acarbose: notwithstanding the absence of market authorization, acarbose is a commonly used treatment; while
it cannot effectively replace dietary measures, acarbose
slows starch digestion and reduces the hyperglycemic
effects of meals. It has been successfully tested in various
studies; however, compliance is poor due to bothersome
side effects (ﬂatulence) [127,128]. Some authors have
associated verapamil with acarbose [129];
• diazoxide has also been successfully tested in a few
patients [130] but is only exceptionally prescribed, especially insofar as it exposes users to the risk of diabetes;
• while bypass reversion is the ultimate solution when medical treatments do not sufﬁce, it is extremely rare.
Patients with severe hypoglycemia must be referred to a
specialized center.

Future research
Impact of an early and systematic prevention strategy.

The dumping syndrome (also known as early dumping
syndrome) occurs 10 to 30 minutes after food intake,
and appears as a form of diffuse unease with
vasomotor signs (ﬂush, hypotension, tachycardia. . .)
et intestinal symptoms (diarrhea, nausea. . .). It
necessitates the elimination of triggering foodstuffs,
which are generally rich in simple sugars (sugar-based,
sweet products) or fats, and may be hyperosmolar.
Arrival of the dumping syndrome calls for renewed
dietary counseling: drinking before or after food
intake, fractionating meals, carefully masticating
and eating serenely, achieving improved nutritional
quality. . .

Appendix A. Supplementary data
Supplementary data associated with this article can be
found, in the online version, at https://doi.org/10.1016/
j.jviscsurg.2020.10.013.

Références
[1] HAS. Bases méthodologiques pour l’élaboration de recommandations professionnelles par consensus formalisé;
2016 [Accessed on 23rd March 2020. Available from:
http://www.cclin-arlin.fr/nosopdf/doc06/0016925.pdf].

Pour citer cet article : Quilliot D, et al. Recommendations for nutritional care after bariatric surgery: Recommendations for best practice and SOFFCO-MM/AFERO/SFNCM/expert consensus. Journal of Visceral Surgery (2020),
https://doi.org/10.1016/j.jviscsurg.2020.10.013

Modele +
JVS-1105; No. of Pages 11

ARTICLE IN PRESS

8

D. Quilliot et al.

[2] Obésité : prise en charge chirurgicale chez l’adulte. Haute
Autorité de santé; 2009. [Accessed on 23rd March 2020. Available from: https://www.has-sante.fr/jcms/c 765529/fr/
obesite-prise-en-charge-chirurgicale-chez-l-adulte].
[3] Roussel A-M. Déﬁcits en micronutriments dans le surpoids et l’obésité : conséquences métaboliques et cliniques. Nutr Clin Metab 31(4)268—275.2017 [Available from:
data/revues/09850562/v31i4/S0985056217301930/2017].
[4] Gletsu-Miller N, Wright BN. Mineral malnutrition following bariatric surgery. Adv Nutr 2013;4:506—17,
http://dx.doi.org/10.3945/an.113.004341.
[5] Ledoux S, Calabrese D, Bogard C, et al. Longevolution
of
nutritional
deﬁciencies
after
term
gastric bypass: an assessment according to compliance to medical care. Ann Surg 2014;259:1104—10,
http://dx.doi.org/10.1097/SLA.0000000000000249.
[6] Kulick D, Hark L, Deen D. The bariatric surpatient:
a
growing
role
for
registered
gery
dietitians.
J
Am
Diet
Assoc
2010;110:593—9,
http://dx.doi.org/10.1016/j.jada.2009.12.021.
[7] Sarwer DB, Moore RH, Spitzer JC, Wadden TA, Raper
SE, Williams NN. A pilot study investigating the efﬁcacy
of postoperative dietary counseling to improve outcomes
after bariatric surgery. Surg Obes Relat Dis 2012;8:561—8,
http://dx.doi.org/10.1016/j.soard.2012.02.010.
[8] Jensen Michael D, Ryan Donna H, Apovian Caroline M, et al.
2013 AHA/ACC/TOS guideline for the management of overweight and obesity in adults. Circulation 2014;129:S102—38,
http://dx.doi.org/10.1161/01.cir.0000437739.71477.ee.
[9] WHO. Physical activity and adults. WHO; 2020. [Accessed on 23rd March 2020. Available from: https://www.
who.int/dietphysicalactivity/factsheet adults/en/].
[10] Programmes de récupération améliorée après chirurgie (RAAC). Haute Autorité de santé; 2016. [Accessed
on 23rd March 2020. Available from: https://www.hassante.fr/jcms/c 1763416/fr/programmes-de-recuperationamelioree-apres-chirurgie-raac¨
>https://www.hassante.fr/jcms/c 1763416/fr/programmes-de-recuperationamelioree-apres-chirurgie-raac].
[11] Physical activity guidelines for Americans. 2nd edition
https://health.gov/sites/default/ﬁles/2019n.d.
09/Physical Activity Guidelines 2nd edition.pdf:118.
[12] Venclauskas L, Maleckas A, Arcelus JI, ESA VTE Guidelines Task Force. European guidelines on perioperative venous thromboembolism prophylaxis: surgery in
the obese patient. Eur J Anaesthesiol 2018;35:147—53,
http://dx.doi.org/10.1097/EJA.0000000000000703.
[13] Kanerva N, Larsson I, Peltonen M, Lindroos A-K, Carlsson LM. Changes in total energy intake and macronutrient composition after bariatric surgery predict long-term
weight outcome: ﬁndings from the Swedish Obese Subjects (SOS) study. Am J Clin Nutr 2017;106:136—45,
http://dx.doi.org/10.3945/ajcn.116.149112.
[14] Chou J-J, Lee W-J, Almalki O, Chen J-C, Tsai P-L, Yang
S-H. Dietary intake and weight changes 5 years after laparoscopic sleeve gastrectomy. Obes Surg 2017;27:3240—6,
http://dx.doi.org/10.1007/s11695-017-2765-8.
[15] Gehrer S, Kern B, Peters T, Christoffel-Courtin C, Peterli R.
Fewer nutrient deﬁciencies after laparoscopic sleeve gastrectomy (LSG) than after laparoscopic Roux-Y-gastric bypass
(LRYGB)-a prospective study. Obes Surg 2010;20:447—53,
http://dx.doi.org/10.1007/s11695-009-0068-4.
[16] Kehagias I, Karamanakos SN, Argentou M, Kalfarentzos F. Randomized clinical trial of laparoscopic Roux-en-Y gastric bypass
versus laparoscopic sleeve gastrectomy for the management
of patients with BMI < 50 kg/m2 . Obes Surg 2011;21:1650—6,
http://dx.doi.org/10.1007/s11695-011-0479-x.
[17] Ferraz ÁAB, Carvalho MRC, Siqueira LT, Santa-Cruz F, Campos JM. Micronutrient deﬁciencies following bariatric surgery:
a comparative analysis between sleeve gastrectomy and
Roux-en-Y gastric bypass. Rev Col Bras Cir 2018;45:e2016,
http://dx.doi.org/10.1590/0100-6991e-20182016.

[18] Guan B, Yang J, Chen Y, Yang W, Wang C. Nutritional deﬁciencies in Chinese patients undergoing
gastric
bypass
and
sleeve
gastrectomy:
prevalence and predictors. Obes Surg 2018;28:2727—36,
http://dx.doi.org/10.1007/s11695-018-3225-9.
[19] Moizé V, Andreu A, Flores L, et al. Long-term dietary intake and nutritional deﬁciencies following sleeve
gastrectomy or Roux-En-Y gastric bypass in a mediterranean population. J Acad Nutr Diet 2013;113:400—10,
http://dx.doi.org/10.1016/j.jand.2012.11.013.
[20] Alexandrou A, Armeni E, Kouskouni E, Tsoka E, Diamantis
T, Lambrinoudaki I. Cross-sectional long-term micronutrient
deﬁciencies after sleeve gastrectomy versus Roux-en-Y gastric bypass: a pilot study. Surg Obes Relat Dis 2014;10:262—8,
http://dx.doi.org/10.1016/j.soard.2013.07.014.
[21] Coupaye M, Rivière P, Breuil MC, et al. Comparison of nutritional status during the ﬁrst year after sleeve gastrectomy
and Roux-en-Y gastric bypass. Obes Surg 2014;24:276—83,
http://dx.doi.org/10.1007/s11695-013-1089-6.
[22] Damms-Machado
A,
Friedrich
A,
Kramer
KM,
et al. Pre- and post-operative nutritional deﬁciencies in obese patients undergoing laparoscopic
gastrectomy.
Obes
Surg
2012;22:881—9,
sleeve
http://dx.doi.org/10.1007/s11695-012-0609-0.
[23] Schiavo L, Pilone V, Rossetti G, et al. Correcting micronutrient deﬁciencies before sleeve gastrectomy may
be useful in preventing early postoperative micronutrient deﬁciencies. Int J Vitam Nutr Res 2019;89:22—8,
http://dx.doi.org/10.1024/0300-9831/a000532.
[24] Kikkas EM, Sillakivi T, Suumann J, Kirsimägi Ü, Tikk
T, Värk PR. Five-year outcome of laparoscopic sleeve
gastrectomy, resolution of comorbidities, and risk for cumulative nutritional deﬁciencies. Scand J Surg 2019;108:10—6,
http://dx.doi.org/10.1177/1457496918783723.
[25] Coupaye M, Sami O, Calabrese D, Flamant M, Ledoux
S. Prevalence and determinants of nutritional deﬁciencies
at mid-term after sleeve gastrectomy. Obes Surg 2020,
http://dx.doi.org/10.1007/s11695-020-04425-3 [Article in
press].
[26] Aasheim ET. Wernicke encephalopathy after bariatric surgery: a systematic review. Ann Surg 2008;248:714—20,
http://dx.doi.org/10.1097/SLA.0b013e3181884308.
[27] Tang L, Alsulaim HA, Canner JK, Prokopowicz GP,
Steele KE. Prevalence and predictors of postopethiamine
deﬁciency
after
vertical
sleeve
rative
gastrectomy. Surg Obes Relat Dis 2018;14:943—50,
http://dx.doi.org/10.1016/j.soard.2018.03.024.
[28] Loh Y, Watson WD, Verma A, Chang ST, Stocker
Labutta
RJ.
Acute
Wernicke’s
encephalopaDJ,
thy
following
bariatric
surgery:
clinical
course
and MRI correlation. Obes Surg 2004;14:129—32,
http://dx.doi.org/10.1381/096089204772787437.
[29] Bozbora A, Coskun H, Ozarmagan S, Erbil Y, Ozbey N,
Orham Y. A rare complication of adjustable gastric banding: Wernicke’s encephalopathy. Obes Surg 2000;10:274—5,
http://dx.doi.org/10.1381/096089200321643610.
[30] Makarewicz W, Kaska L, Kobiela J, et al. Wernicke’s syndrome after sleeve gastrectomy. Obes Surg 2007;17:704—6,
http://dx.doi.org/10.1007/s11695-007-9114-2.
A,
Brusa
G,
Novello
P,
et
al.
[31] Primavera
encephalopathy
following
bilioWernicke-Korsakoff
pancreatic
diversion.
Obes
Surg
1993;3:175—7,
http://dx.doi.org/10.1381/096089293765559548.
[32] Aaseth E, Fagerland MW, Aas A-M, et al. Vitamin concentrations 5 years after gastric bypass. Eur J Clin Nutr
2015;69:1249—55, http://dx.doi.org/10.1038/ejcn.2015.82.
[33] van Rutte PWJ, Aarts EO, Smulders JF, Nienhuijs SW. Nutrient deﬁciencies before and after
sleeve
gastrectomy.
Obes
Surg
2014;24:1639—46,
http://dx.doi.org/10.1007/s11695-014-1225-y.
[34] Oudman E, Wijnia JW, van Dam M, Biter LU,
Postma
A.
Preventing
Wernicke
encephalopathy

Pour citer cet article : Quilliot D, et al. Recommendations for nutritional care after bariatric surgery: Recommendations for best practice and SOFFCO-MM/AFERO/SFNCM/expert consensus. Journal of Visceral Surgery (2020),
https://doi.org/10.1016/j.jviscsurg.2020.10.013

Modele +
JVS-1105; No. of Pages 11

ARTICLE IN PRESS

Recommendations for nutritional care after bariatric surgery: French formal consensus rating

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

after bariatric surgery. Obes Surg 2018;28:2060—8,
http://dx.doi.org/10.1007/s11695-018-3262-4.
Latham M. La carence en thiamine et le béribéri;
2001 [Consulté le 20 mars 2020. Disponible sur :
http://www.fao.org/3/W0073F/w0073f00.htm].
Sechi G, Serra A. Wernicke’s encephalopathy: new
clinical settings and recent advances in diagnosis and management. Lancet Neurol 2007;6:442—55,
http://dx.doi.org/10.1016/S1474-4422(07)70104-7.
Parker AJR, Marshall EJ, Ball DM. Diagnosis and management of alcohol use disorders. BMJ 2008;336:496—501,
http://dx.doi.org/10.1136/bmj.39483.457708.80.
Boulanger AS, Paquette I, Létourneau G, RichardDevantoy
S.
Wernicke
encephalopathy:
guiding
prescription.
Encephale
2017;43:259—67,
thiamine
http://dx.doi.org/10.1016/j.encep.2016.04.011.
Nishimoto A, Usery J, Winton JC, Twilla J. High-dose parenteral thiamine in treatment of Wernicke’s encephalopathy: case
series and review of the literature. In Vivo 2017;31:121—4,
http://dx.doi.org/10.21873/invivo.11034.
Sriram K, Manzanares W, Joseph K. Thiamine in
nutrition therapy. Nutr Clin Pract 2012;27:41—50,
http://dx.doi.org/10.1177/0884533611426149.
Traviesa DC. Magnesium deﬁciency: a possible cause of
thiamine refractoriness in Wernicke-Korsakoff encephalopathy. J Neurol Neurosurg Psychiatry 1974;37:959—62,
http://dx.doi.org/10.1136/jnnp.37.8.959.
Skroubis G, Sakellaropoulos G, Pouggouras K, Mead N, Nikiforidis G, Kalfarentzos F. Comparison of nutritional deﬁciencies
after Roux-en-Y gastric bypass and after biliopancreatic diversion with Roux-en-Y gastric bypass. Obes Surg 2002;12:551—8,
http://dx.doi.org/10.1381/096089202762252334.
Weng T-C, Chang C-H, Dong Y-H, Chang Y-C, Chuang
Anaemia
and
related
nutrient
deﬁciencies
L-M.
after Roux-en-Y gastric bypass surgery: a systematic
review and meta-analysis. BMJ Open 2015;5:e006964,
http://dx.doi.org/10.1136/bmjopen-2014-006964.
Kwon Y, Kim HJ, Lo Menzo E, Park S, Szomstein S,
Rosenthal RJ. Anemia, iron and vitamin B12 deﬁciencies
after sleeve gastrectomy compared to Roux-en-Y gastric
bypass: a meta-analysis. Surg Obes Relat Dis 2014;10:589—97,
http://dx.doi.org/10.1016/j.soard.2013.12.005.
Kornerup LS, Hvas CL, Abild CB, Richelsen B, Nexo
E. Early changes in vitamin B12 uptake and biomarker status following Roux-en-Y gastric bypass
and sleeve gastrectomy. Clin Nutr 2019;38:906—11,
http://dx.doi.org/10.1016/j.clnu.2018.02.007.
Gasteyger C, Suter M, Gaillard RC, Giusti V. Nutritional deﬁciencies after Roux-en-Y gastric bypass for morbid
obesity often cannot be prevented by standard multivitamin supplementation. Am J Clin Nutr 2008;87:1128—33,
http://dx.doi.org/10.1093/ajcn/87.5.1128.
Dalcanale
L,
Oliveira
CPMS,
Faintuch
J,
al.
Long-term
nutritional
outcome
after
et
gastric
bypass.
Obes
Surg
2010;20:181—7,
http://dx.doi.org/10.1007/s11695-009-9916-5.
Halverson JD. Metabolic risk of obesity surgery
and long-term follow-up. Am J Clin Nutr 1992;55,
http://dx.doi.org/10.1093/ajcn/55.2.602s [602S—605S].
MacLean LD, Rhode BM, Shizgal HM. Nutrition following gastric operations for morbid obesity. Ann Surg 1983;198:347—55,
http://dx.doi.org/10.1097/00000658-198309000-00011.
Thompson
WR,
Amaral
JF,
Caldwell
MD,
Martin HF, Randall HT. Complications and weight
loss in 150 consecutive gastric exclusion patients.
review.
Am
J
Surg
1983;146:602—12,
Critical
http://dx.doi.org/10.1016/0002-9610(83)90296-9.
Amaral JF, Thompson WR, Caldwell MD, Martin
HF,
Randall
HT.
Prospective
metabolic
evaluation of 150 consecutive patients who underwent
exclusion.
Am
J
Surg
1984;147:468—76,
gastric
http://dx.doi.org/10.1016/0002-9610(84)90007-2.

9

[52] Amaral JF, Thompson WR, Caldwell MD, Martin HF, Randall
HT. Prospective hematologic evaluation of gastric exclusion surgery for morbid obesity. Ann Surg 1985;201:186—93,
http://dx.doi.org/10.1097/00000658-198502000-00009.
[53] Mechanick JI, Kushner RF, Sugerman HJ, et al. American Association of Clinical Endocrinologists, the Obesity Society, and
American Society for Metabolic & Bariatric Surgery Medical guidelines for clinical practice for the perioperative
nutritional, metabolic, and nonsurgical support of the bariatric surgery patient. Endocr Pract 2008;14(Suppl 1):1—83,
http://dx.doi.org/10.4158/EP.14.S1.1.
[54] Busetto L, Dicker D, Azran C, et al. Obesity management task
force of the european association for the study of obesity
released ‘‘Practical Recommendations for the Post-Bariatric
Surgery Medical Management’’. Obes Surg 2018;28:2117—21,
http://dx.doi.org/10.1007/s11695-018-3283-z.
[55] Eltweri AM, Bowrey DJ, Sutton CD, Graham L, Williams RN.
An audit to determine if vitamin b12 supplementation is
necessary after sleeve gastrectomy. Springerplus 2013;2:218,
http://dx.doi.org/10.1186/2193-1801-2-218.
[56] Saif T, Strain GW, Dakin G, Gagner M, Costa R,
Pomp A. Evaluation of nutrient status after laparoscopic sleeve gastrectomy 1, 3, and 5 years
after surgery. Surg Obes Relat Dis 2012;8:542—7,
http://dx.doi.org/10.1016/j.soard.2012.01.013.
[57] Ben-Porat T, Elazary R, Goldenshluger A, Sherf Dagan S,
Mintz Y, Weiss R. Nutritional deﬁciencies four years after
laparoscopic sleeve gastrectomy — are supplements required for a lifetime? Surg Obes Relat Dis 2017;13:1138—44,
http://dx.doi.org/10.1016/j.soard.2017.02.021.
N,
Nacher
M,
Loi
KW,
Jorgensen
[58] Zarshenas
Investigating
nutritional
deﬁciencies
in
a
JO.
group
of
patients
3
years
post-laparoscopic
gastrectomy.
Obes
Surg
2016;26:2936—43,
sleeve
http://dx.doi.org/10.1007/s11695-016-2211-3.
[59] Al-Mutawa A, Al-Sabah S, Anderson AK, Al-Mutawa M.
Evaluation of nutritional status post laparoscopic sleeve
gastrectomy-5-year outcomes. Obes Surg 2018;28:1473—83,
http://dx.doi.org/10.1007/s11695-017-3041-7.
[60] Aarts EO, Janssen IMC, Berends FJ. The gastric sleeve: losing
weight as fast as micronutrients? Obes Surg 2011;21:207—11,
http://dx.doi.org/10.1007/s11695-010-0316-7.
[61] Caron
M,
Hould
FS,
Lescelleur
O,
et
al.
Long-term nutritional impact of sleeve gastrecSurg
Obes
Relat
Dis
2017;13:1664—73,
tomy.
http://dx.doi.org/10.1016/j.soard.2017.07.019.
[62] Gagner M, Deitel M, Erickson AL, Crosby RD. Survey on laparoscopic sleeve gastrectomy (LSG) at
Fourth
International
Consensus
Summit
on
the
Sleeve
Gastrectomy.
Obes
Surg
2013;23:2013—7,
http://dx.doi.org/10.1007/s11695-013-1040-x.
[63] Gillon S, Jeanes YM, Andersen JR, Våge V. Micronutrient status in morbidly obese patients prior to
laparoscopic sleeve gastrectomy and micronutrient
changes 5 years post-surgery. Obes Surg 2017;27:606—12,
http://dx.doi.org/10.1007/s11695-016-2313-y.
[64] Smelt HJM, van Loon S, Pouwels S, Boer A-K,
JF,
Aarts
EO.
Do
specialized
bariaSmulders
tric
multivitamins
lower
deﬁciencies
after
gastrectomy?
Obes
Surg
2020;30:427—38,
sleeve
http://dx.doi.org/10.1007/s11695-019-04191-x.
[65] Bolckmans R, Himpens J. Long-term (>10 yrs) outcome of the laparoscopic biliopancreatic diversion
with duodenal switch. Ann Surg 2016;264:1029—37,
http://dx.doi.org/10.1097/SLA.0000000000001622.
[66] Rhode BM, Arseneau P, Cooper BA, Katz M, Gilﬁx
BM, MacLean LD. Vitamin B-12 deﬁciency after gastric surgery for obesity. Am J Clin Nutr 1996;63:103—9,
http://dx.doi.org/10.1093/ajcn/63.1.103.
[67] Butler CC, Vidal-Alaball J, Cannings-John R, et al.
Oral vitamin B12 versus intramuscular vitamin B12 for
vitamin B12 deﬁciency: a systematic review of ran-

Pour citer cet article : Quilliot D, et al. Recommendations for nutritional care after bariatric surgery: Recommendations for best practice and SOFFCO-MM/AFERO/SFNCM/expert consensus. Journal of Visceral Surgery (2020),
https://doi.org/10.1016/j.jviscsurg.2020.10.013

Modele +
JVS-1105; No. of Pages 11

ARTICLE IN PRESS

10

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

D. Quilliot et al.
domized controlled trials. Fam Pract 2006;23:279—85,
http://dx.doi.org/10.1093/fampra/cml008.
Allen LH. How common is vitamin B-12 deﬁciency? Am J Clin
Nutr 2009;89, http://dx.doi.org/10.3945/ajcn.2008.26947A
[693S—6S].
Rhode BM, Tamin H, Gilﬁx BM, et al. Treatment
of vitamin B12 deﬁciency after gastric surgery
severe
obesity.
Obes
Surg
1995;5:154—8,
for
http://dx.doi.org/10.1381/096089295765557953.
Karefylakis C, Näslund I, Edholm D, Sundbom M,
Karlsson FA, Rask E. Prevalence of anemia and related deﬁciencies 10 years after gastric bypass — a
study.
Obes
Surg
2015;25:1019—23,
retrospective
http://dx.doi.org/10.1007/s11695-014-1500-y.
Coupaye M, Breuil MC, Rivière P, et al. Serum vitamin
D increases with weight loss in obese subjects 6 months
after Roux-en-Y gastric bypass. Obes Surg 2013;23:486—93,
http://dx.doi.org/10.1007/s11695-012-0813-y.
Lu C-W, Chang YK, Chang HH, et al. Fracture
risk after bariatric surgery: a 12-year nationwide
study.
Medicine
(Baltimore)
2015;94(48),
cohort
http://dx.doi.org/10.1097/MD.0000000000002087, e2087.
Ott MT, Fanti P, Malluche HH, et al. Biochemical evidence
of metabolic bone disease in women following Roux-Y gastric bypass for morbid obesity. Obes Surg 1992;2:341—8,
http://dx.doi.org/10.1381/096089292765559936.
Goode LR, Brolin RE, Chowdhury HA, Shapses SA.
Bone and gastric bypass surgery: effects of dietary calcium and vitamin D. Obes Res 2004;12:40—7,
http://dx.doi.org/10.1038/oby.2004.7.
Valderas JP, Velasco S, Solari S, et al. Increase of
bone resorption and the parathyroid hormone in
postmenopausal women in the long-term after Rouxen-Y gastric bypass. Obes Surg 2009;19:1132—8,
http://dx.doi.org/10.1007/s11695-009-9890-y.
Riedt CS, Brolin RE, Sherrell RM, Field MP, Shapses SA.
True fractional calcium absorption is decreased after
Roux-en-Y gastric bypass surgery. Obesity (Silver Spring)
2006;14:1940—8, http://dx.doi.org/10.1038/oby.2006.226.
Bruno C, Fulford AD, Potts JR, et al. Serum markers of
bone turnover are increased at six and 18 months after
Roux-en-Y bariatric surgery: correlation with the reduction in leptin. J Clin Endocrinol Metab 2010;95:159—66,
http://dx.doi.org/10.1210/jc.2009-0265.
Vilarrasa N, de Gordejuela AGR, Gómez-Vaquero C,
et al. Effect of bariatric surgery on bone mineral density: comparison of gastric bypass and
gastrectomy.
Obes
Surg
2013;23:2086—91,
sleeve
http://dx.doi.org/10.1007/s11695-013-1016-x.
Carrasco F, Basﬁ-Fer K, Rojas P, et al. Changes in
bone mineral density after sleeve gastrectomy or gastric
bypass: relationships with variations in vitamin D, ghrelin, and adiponectin levels. Obes Surg 2014;24:877—84,
http://dx.doi.org/10.1007/s11695-014-1179-0.
Li Z, Zhou X, Fu W. Vitamin D supplementation for the prevention of vitamin D deﬁciency
after bariatric surgery: a systematic review and
meta-analysis. Eur J Clin Nutr 2018;72:1061—70,
http://dx.doi.org/10.1038/s41430-017-0059-9.
Dix CF, Bauer JD, Wright ORL. A systematic review: vitamin
D status and sleeve gastrectomy. Obes Surg 2017;27:215—25,
http://dx.doi.org/10.1007/s11695-016-2436-1.
Parrott J, Frank L, Rabena R, Craggs-Dino L, Isom
KA, Greiman L. American Society for metabolic and
bariatric surgery integrated health nutritional guidelines for the surgical weight loss patient 2016 update:
micronutrients. Surg Obes Relat Dis 2017;13:727—41,
http://dx.doi.org/10.1016/j.soard.2016.12.018.
Busetto L, Dicker D, Azran C, et al. Practical recommendations of the obesity management task force of the european
association for the study of obesity for the post-bariatric

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

surgery medical management. Obes Facts 2017;10:597—632,
http://dx.doi.org/10.1159/000481825.
Mechanick JI, Apovian C, Brethauer S, et al. Clinical practice guidelines for the perioperative nutrition, metabolic, and
nonsurgical support of patients undergoing bariatric procedures — 2019 update: cosponsored by American Association
of Clinical Endocrinologists/American College of Endocrinology, the Obesity Society, American Society for Metabolic and
Bariatric Surgery, Obesity Medicine Association, and American Society of Anesthesiologists. Obesity (Silver Spring)
2020;28:1—58, http://dx.doi.org/10.1002/oby.22719.
Wei J-H, Lee W-J, Chong K, et al. High incidence of
secondary hyperparathyroidism in bariatric patients: comparing different procedures. Obes Surg 2018;28:798—804,
http://dx.doi.org/10.1007/s11695-017-2932-y.
Alexandrou A, Tsoka E, Armeni E, et al. Determinants of secondary hyperparathyroidism in bariatric
patients after roux-en-y gastric bypass or sleeve gastrectomy: a pilot study. Int J Endocrinol 2015;2015:984935,
http://dx.doi.org/10.1155/2015/984935.
Gregory DM, Twells LK, Lester KK, et al. Preoperative
and postoperative assessments of biochemical parameters in patients with severe obesity undergoing laparoscopic sleeve gastrectomy. Obes Surg 2018;28:2261—71,
http://dx.doi.org/10.1007/s11695-017-3007-9.
Bredella MA, Greenblatt LB, Eajazi A, Torriani
M, Yu EW. Effects of Roux-en-Y gastric bypass
and sleeve gastrectomy on bone mineral density
and marrow adipose tissue. Bone 2017;95:85—90,
http://dx.doi.org/10.1016/j.bone.2016.11.014.
Balsa JA, Botella-Carretero JI, Peromingo R, et al.
Chronic increase of bone turnover markers after
biliopancreatic diversion is related to secondary
hyperparathyroidism and weight loss. Relation with
bone mineral density. Obes Surg 2010;20:468—73,
http://dx.doi.org/10.1007/s11695-009-0028-z.
Ablett AD, Boyle BR, Avenell A. Fractures in adults
after weight loss from bariatric surgery and weight
management programs for obesity: systematic review
and
meta-analysis.
Obes
Surg
2019;29:1327—42,
http://dx.doi.org/10.1007/s11695-018-03685-4.
Smelt HJM, Pouwels S, Smulders JF. The clinical
dilemma of calcium supplementation after bariatric surgery: calcium citrate or calcium carbonate.
That is the question? Obes Surg 2016;26:2781—2,
http://dx.doi.org/10.1007/s11695-016-2346-2.
Wenzel
BJ,
Stults
HB,
Mayer
J.
Hypoferraemia in obese adolescents. Lancet 1962;2:327—8,
http://dx.doi.org/10.1016/s0140-6736(62)90110-1.
Seltzer CC, Mayer J. Serum iron and iron-binding
capacity in adolescents. II. Comparison of obese and
nonobese subjects. Am J Clin Nutr 1963;13:354—61,
http://dx.doi.org/10.1093/ajcn/13.6.354.
Moreno-Navarrete JM, Moreno M, Puig J, et al. Hepatic iron
content is independently associated with serum hepcidin
levels in subjects with obesity. Clin Nutr 2017;36:1434—9,
http://dx.doi.org/10.1016/j.clnu.2016.09.022.
Cepeda-Lopez AC, Melse-Boonstra A, Zimmermann MB,
Herter-Aeberli I. In overweight and obese women, dietary iron absorption is reduced and the enhancement
of iron absorption by ascorbic acid is one-half that in
normal-weight women. Am J Clin Nutr 2015;102:1389—97,
http://dx.doi.org/10.3945/ajcn.114.099218.
Kalfarentzos
F,
Kechagias
I,
Soulikia
K,
Loukidi A, Mead N. Weight loss following vertical
gastroplasty:
intermediate
results
of
a
banded
prospective
study.
Obes
Surg
2001;11:265—70,
http://dx.doi.org/10.1381/096089201321336566.
Avinoah E, Ovnat A, Charuzi I. Nutritional status seven
years after Roux-en-Y gastric bypass surgery. Surgery
1992;111:137—42.

Pour citer cet article : Quilliot D, et al. Recommendations for nutritional care after bariatric surgery: Recommendations for best practice and SOFFCO-MM/AFERO/SFNCM/expert consensus. Journal of Visceral Surgery (2020),
https://doi.org/10.1016/j.jviscsurg.2020.10.013

Modele +
JVS-1105; No. of Pages 11

ARTICLE IN PRESS

Recommendations for nutritional care after bariatric surgery: French formal consensus rating
[98] Hakeam HA, O’Regan PJ, Salem AM, Bamehriz FY, Eldali
AM. Impact of laparoscopic sleeve gastrectomy on iron
indices: 1 year follow-up. Obes Surg 2009;19:1491—6,
http://dx.doi.org/10.1007/s11695-009-9919-2.
[99] Risstad H, Søvik TT, Engström M, et al. Five-year outcomes
after laparoscopic gastric bypass and laparoscopic duodenal switch in patients with body mass index of 50 to 60:
a randomized clinical trial. JAMA Surg 2015;150:352—61,
http://dx.doi.org/10.1001/jamasurg.2014.3579.
[100] Brolin RE, Gorman JH, Gorman RC, et al. Prophylactic
iron
supplementation
after
Roux-en-Y
bypass:
a
prospective,
double-blind,
gastric
study.
Arch
Surg
1998;133:740—4,
randomized
http://dx.doi.org/10.1001/archsurg.133.7.740.
[101] Ahmad Fuzi SF, Koller D, Bruggraber S, Pereira DI,
Dainty JR, Mushtaq S. A 1-h time interval between a
meal containing iron and consumption of tea attenuates
the inhibitory effects on iron absorption: a controlled trial in a cohort of healthy UK women using a
stable iron isotope. Am J Clin Nutr 2017;106:1413—21,
http://dx.doi.org/10.3945/ajcn.117.161364.
[102] Biesalski HK, Tinz J. Multivitamin/mineral supplements: rationale and safety. Nutrition 2017;36:60—6,
http://dx.doi.org/10.1016/j.nut.2016.06.003.
[103] Bjørklund G, Aaseth J, Skalny AV, et al. Interactions
of iron with manganese, zinc, chromium, and selenium as related to prophylaxis and treatment of iron
deﬁciency. J Trace Elem Med Biol 2017;41:41—53,
http://dx.doi.org/10.1016/j.jtemb.2017.02.005.
[104] Low MSY, Speedy J, Styles CE, De-Regil LM, Pasricha S-R. Daily iron supplementation for improving
anaemia, iron status and health in menstruating women. Cochrane Database Syst Rev 2016;4,
http://dx.doi.org/10.1002/14651858.CD009747.pub2.
CD009747.
[105] Knöbel Y, Weise A, Glei M, Sendt W, Claussen U, Pool-Zobel BL.
Ferric iron is genotoxic in non-transformed and preneoplastic human colon cells. Food Chem Toxicol 2007;45:804—11,
http://dx.doi.org/10.1016/j.fct.2006.10.028.
[106] Calleja JL, Delgado S, del Val A, et al. Ferric carboxymaltose
reduces transfusions and hospital stay in patients with colon
cancer and anemia. Int J Colorectal Dis 2016;31:543—51,
http://dx.doi.org/10.1007/s00384-015-2461-x.
[107] Calvet X, Ruíz MÀ, Dosal A, et al. Cost-minimization
analysis favours intravenous ferric carboxymaltose
over ferric sucrose for the ambulatory treatment
of severe iron deﬁciency. PLoS One 2012;7:e45604,
http://dx.doi.org/10.1371/journal.pone.0045604.
[108] Papamargaritis D, Aasheim ET, Sampson B, le Roux CW.
Copper, selenium and zinc levels after bariatric surgery in
patients recommended to take multivitamin-mineral supplementation. J Trace Elem Med Biol 2015;31:167—72,
http://dx.doi.org/10.1016/j.jtemb.2014.09.005.
[109] Mahawar KK, Bhasker AG, Bindal V, et al. Zinc
deﬁciency after gastric bypass for morbid obesity: a systematic review. Obes Surg 2017;27:522—9,
http://dx.doi.org/10.1007/s11695-016-2474-8.
[110] Rana J, Plovanich M, Wallace EB, Yang C, Canales AL, Mostaghimi A. Acquired acrodermatitis enteropathica after gastric
bypass surgery responsive to IV supplementation. Dermatol
Online J 2016;22(11), 13030/qt50v2f3mb.
[111] de Luis DA, Pacheco D, Izaola O, Terroba MC, Cuellar L, Martin
T. Clinical results and nutritional consequences of biliopancreatic diversion: three years of follow-up. Ann Nutr Metab
2008;53:234—9, http://dx.doi.org/10.1159/000185641.
[112] Freeland-Graves JH, Lee JJ, Mousa TY, Elizondo JJ.
Patients at risk for trace element deﬁciencies: bariatric surgery. J Trace Elem Med Biol 2014;28:495—503,
http://dx.doi.org/10.1016/j.jtemb.2014.06.015.
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