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More effective therapy for the long-term treatment of obesity 
and related comorbidities



2021: RYGB and SG constitutes approximately 95% of 
the total bariatric surgeries performed in the World

2018: RYGB and SG constitutes approximately 77% of 
the total bariatric surgeries performed in the World





Micronutrients Absorption in 
the GIT: Physiology 

Micronutrients deficiencies (MD) secondary to RESTRICTIVE or 
MALABSORPTIVE bariatric procedures are explained by different factors. 



Sleeve Gastrectomy

SG affects the VITAMINS status by changing:
• Gastrointestinal motility
• Gastric emptying
• Gastro-duodenal transit time
• HCL secretion
• IF secretion

Decreased intrinsic factor for Vitamin B12 absorption deficiencies is the most important deficiency. 
Other VD include Vitamin B1, Vitamin D, and folate



Roux-en-Y gastric bypass (RYGB) affects the vitamins and minerals status by:
• Changing the size of the stomach
• Changing the gastrointestinal transit time
• Bypassing the duodenum, thereby leading to a wider range of vitamins and minerals

Roux-en-Y gastric bypass
(RYGB)

The main cause of MD after RYGB is bypassing the main sites where 
the absorption of vitamins and minerals occurs



One-Anastomosis Gastric Bypass (OAGB) affects the micronutrients status by:
 Changing the size of the stomach
 Bypassing part of the small bowel (duodenum and part of the jejunum).

The main cause of MD after OAGB is bypassing the main sites where 
the absorption of micronutrients occurs

BPD-DS, due to creation of a short common channel, is a significant risk for long-term fat-soluble
vitamin deficiencies. Nett et al., demonstrated that despite supplementation, VD persisted 5
years after BPD-DS in 81% of their cohort, suggesting vitamins were not absorbed.

Biliopancreatic diversion with duodenal 
switch (BPD-DS)

 Exclusion of the jejunum from the alimentary tract usually results in poor vitamin B12 absorption
 The short common channel of the BPD-DS deteriorates the absorption of fat-soluble vitamin (A, D, E, and K). 
 The major mechanism contributing to fat-soluble vitamin deficiencies is delayed mixing of dietary fat with

pancreatic enzymes and bile salts, creating fat malabsorption and maldigestion.

One Anastomosis gastric bypass
(OAGB)

OBES SURG (2016) 26:2469–2474



Vitamin B12 (Cobalamin)
Intrinsic factor (IF), synthesized by the parietal cells of the
stomach, plays a major role in cobalamin absorption

Changes in the architecture of the GIT secondary to gastric
fundus resection result in decreased secretion of IF
secretion.
Disrupted IF secretion is currently considered the main
driver of the post-surgical B12 deficiency

Sleeve Gastrectomy

deficiency is reported in 10–20% of SG patients



Vitamin B12 (Cobalamin)
A 2017 small-scale study, involving 20 patients submitted to RYGB, proposed
that, besides IF, other molecules involved in the vitamin B12 metabolism may be
involved in the pathogenesis of its postoperative deficiency.

RYGB

The authors reported a decrease in
gastric production of transcobalamin 1
(TCN1) after RYGB that affects B12
intestinal transport.

deficiency is reported in 37–50% of gastric bypass patients

Using transcriptomic analysis, increased B12-
receptor encoding genes’ expression (CUBN)
was detected at all levels of the GIT,
suggesting a potential genetic reprogramming
of the intestinal tissue in order to compensate
for insufficient B12 delivery.



B12 deficiency is associated with a triad of symptoms known as
Biermer’s disease:
• Megaloblastic anemia
• Gastrointestinal symptoms
• Neurologic symptoms

• Obeid, R et al. Vitamin B12 Intake From Animal Foods, Biomarkers, and Health 
Aspects. Front Nutr. 2019, 6, 93.

• Parrott, J et al. ASMBS Integrated Health Nutritional Guidelines for the Surgical Weight 
Loss Patient 2016 Update: Micronutrients. Surg. Obes. Relat. Dis. 2017, 13, 727–741. 

Administration of high doses of B12 is recommended to be 
initiated right after BS

350–500 mcg daily (sublingual/liquid) or 1000 mcg 
monthly (parenteral)

Vitamin B12 (Cobalamin)



Folate
Folate absorption occurs primarily in the upper
small intestine (proximal jejunum)

Folate deficiency ranges between 9% and 39% following both
malabsorptive and restrictive procedures
Folate deficiency can be elicited following BS due to:
 the depletion of tissue stores as a result of inadequate dietary

intake
 an impaired absorption due to hypochlorhydria
 an altered intestinal pH

Parrott, J et al. ASMBS Integrated Health Nutritional Guidelines for the Surgical Weight 
Loss Patient 2016 Update: Micronutrients. Surg. Obes. Relat. Dis. 2017, 13, 727–741. 

Postoperative supplementation following RYGB with 
physiologic doses (400 mcg) suffices to prevent or correct 

the folate deficiency 



Vitamin B1 (Thiamine)
Thiamine absorption occurs primarily in the jejunum.

Thiamine deficiency generally develops in bariatric patients within 6 months
following surgery, mostly due to hyperemesis.

Intractable vomiting impairs absorption of thiamine and so deficiency can occur
despite oral supplementation. Therefore, early diagnosis of thiamine deficiency is
crucial to prevent permanent sequelae, such as Wernicke Encephalopathy (WE)

Although symptoms of thiamine deficiency are well described after malabsorptive 
procedures, its prevalence in bariatric patients cannot be precisely estimated

12 mg daily/50 mg dose from B-complex 
supplement/multivitamin twice daily

Parrott, J et al. ASMBS Integrated Health Nutritional Guidelines for the Surgical Weight 
Loss Patient 2016 Update: Micronutrients.
Surg. Obes. Relat. Dis. 2017, 13, 727–741

Since the body’s pool of thiamine of about
30 g represents only 30 times the daily
requirements, symptoms of deficiency
rapidly develop when food intake fails to
meet the nutritional needs. Body stores
become depleted after only 20 days of
inadequate oral intake and thiamine
deficiency occurs faster than for any other
vitamins.

Out of 118 cases of WE following 
RYGB and VSG, almost 90% 

confirmed hyperemesis as a risk 
factor. 



Vitamin D
Absorption of vitamin D occurs mostly in the jejunum and
ileum through passive diffusion, a mechanism which rather
requires the presence of bile salts

Following SG, vitamin D malabsorption might result from less exposure of the nutrients to
the digestive mucosa.

In addition, the altered anatomy seen after RYGB has major consequences for the
absorption of vitamin D as it is a fat-soluble hormone and hence needs biliary acids and
digestive enzymes for uptake.

3000 IU daily until plasma concentration 
exceeds 30 ng/mol 

Parrott, J et al. ASMBS Integrated Health Nutritional Guidelines for the Surgical Weight 
Loss Patient 2016 Update: Micronutrients. Surg. Obes. Relat. Dis. 2017, 13, 727–741. 



Vitamin A, E, and K
The frequency of these nutritional deficiencies following BS is
generally low.

 Prevalence of vitamin A deficiency following RYGB ranges between 8% and 11%

Vitamin A deficiency is induced by malabsorption and severely diminished retinol and
carotenoids’ intake due to calorie restriction.

Moreover, a specific diet following weight loss surgery provides low levels of fat that limit
vitamin A uptake.

Non-alcoholic steatohepatitis and cirrhosis, frequently observed in bariatric patients, might
impede vitamin A storage and synthesis following surgery.

Vitamin A, 5000–10,000 IU/day
Vitamin E, 15 mg/day

Vitamin K, 90–120 ug/day
Parrott, J et al. ASMBS Integrated Health Nutritional Guidelines for the Surgical Weight 
Loss Patient 2016 Update: Micronutrients. Surg. Obes. Relat. Dis. 2017, 13, 727–741. 

Vitamin E deficiency to be present in 8.7% of patients 1 year following RYGB
Reported vitamin E deficiency prevalence in bariatric literature after this type 
of surgical procedure varies between 0% and 22%

A recent systematic review concluded that, although rare following weight 
loss surgery, symptomatic vitamin K deficiency may occur in patients 
submitted to major malabsorptive procedures. 





Deficiencies of minerals and trace elements
Like the deficiency of vitamins, bariatric surgery also leads to the deficiency of several minerals and trace elements such as 
iron, zinc, copper, calcium, and selenium. 

IRON
Iron absorption sites are mainly located in the
duodenum and proximal jejunum, and bypassing
them severely reduces iron absorption

Iron deficiency is one of the most common trace element
deficiencies and affects around 33% of patients undergoing
bariatric procedures.
Moreover, dietary changes such as:
 lower intake of meat
 Lower intake of iron-fortified dairy products post-surgery may

aggravate the iron deficiency

Prospective studies based on iron supplementation 
strategies are urgently needed



CALCIUM
Iron absorption sites are mainly located in the
duodenum and proximal jejunum, and bypassing
them severely reduces iron absorption

A strategy based on adequate calcium and vitamin D
supplementation should be carefully monitored,
particularly in patients at high risk for developing
symptomatic hypocalcemia in case of pre-existing renal
insufficiency and vitamin D deficiency.

In a recent retrospective study involving patients that undergo
bariatric surgery from 2008 to 2014, it was shown that, in about
1000 patients, the prevalence of hypocalcemia after bariatric
surgery was 3.6%. In particular, the prevalence was 10% in the
BPD-DS group, 9.3% in the SG group, and 1.9% in the RYGB
group, respectively

It is important to highlight that vitamin D deficiency can further 
exacerbate calcium deficiency because vitamin D is required for 
normal calcium absorption in the intestine and plays a central 

role in its homeostasis 



ZINC
Zinc is absorbed in the proximal intestine, and
bypassing the absorption route leads to poor
absorption.

It is important to note that 42–65% of patients
develop zinc deficiency within 6–18 months post-
surgery, indicating a direct and strong association
between them

SELENIUM
Selenium is primarily absorbed in the duodenum
and proximal jejunum and its deficiency has been
evidenced in postoperative bariatric surgery
(RYGB and SG) with a prevalence from 11 to 46%.

Studies have shown that copper deficiency affects 10–
15% of individuals after RYGB surgery. 
The other cause of copper deficiency is inadequate 
intake of copper from the diet

COPPER





CONCLUSIONS

Main Factors responsible for MD after BS
1. Preoperative MD not identified and corrected before BS
2. The type of the surgery
3. Postsurgical complications such as nausea and vomiting, and food intolerance
4. Inadequate supplementation
5. Low compliance to dietary and alcohol abuse after BS (4.2%)
6. Low compliance to supplement recommendations



Grazie
lschiavo@unisa.it

TAKE HOME MESSAGE
 Patient- and surgery related variables contribute to MD after BS
 After BS, a careful monitoring and treatment of MD by an experienced

multidisciplinary team is crucial
 Programmed screening are crucial to identify MD earlier and allows

for intervention before development of clinical symptoms
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