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Malnutrition is defined as ‘‘any disorder of nutrition status including dis-
orders resulting from a deficiency of nutrient intake, impaired nutrient me-
tabolism, or overnutrition’’ [1]. Overnutrition results in obesity; therefore,
obesity is a form of malnutrition. The incidence of obesity is increasing at
an alarming rate. Worldwide, an estimated 1.7 billion people are overweight,
with an excess of 97 million obese adults in the United States [2,3]. Obesity is
also a growing problem in children, and its prevalence parallels that of adult
obesity [4,5].

Weight loss in obese individuals followed by long-term maintenance of an
ideal weight is difficult. Increased physical activity and caloric reduction
with low-calorie or low-carbohydrate diets can reduce weight by 5% to
10% over a 6-month period, but weight regain is common [6–9]. Currently
available pharmacologic therapies can be combined with dietary measures
for a greater weight loss effect but dose-dependent side effects limit their
use, and long-term safety and efficacy beyond 2 years have not been fully
evaluated [10–12]. Surgery has been demonstrated to be the most effective
treatment for weight loss and improvement in some comorbid conditions
in patients with morbid obesity [13,14]. Surgical approaches to induce
weight loss include the use of restriction, in which food intake is limited
by a small gastric pouch or reservoir, the use of malabsorption, in which
the lengthof intestine available for nutrient absorption is reduced, orbya com-
bination of both techniques (Box 1). Currently, laparoscopic Roux-en-Y
gastric bypass (LRYGB) and laparoscopic adjustable gastric banding
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(LAGB) are the most commonly performed procedures in the United States.
Although surgical strategies are more successful in achieving andmaintaining
weight loss, nutritional deficiencies with metabolic consequences can result in
the short and long term [15,16]. The severity of the postoperative nutritional
deficit is dependent on several factors, including the preoperative nutritional
status, the type of bariatric procedure performed, the occurrence of postoper-
ative complications, the ability to modify eating behavior, and compliance
with regular follow-up and prescribed vitamin and mineral supplementation.

Absorption of micronutrients and macronutrients in the normal

gastrointestinal tract

Macronutrients

Protein metabolism
When food enters the mouth, cephalic stimulation with acetylcholine re-

lease enhances acid production from gastric parietal cells [17]. Acid and ace-
tylcholine stimulate release of chief cell pepsinogen. Pepsinogen is cleaved to

Box 1. Surgical procedures categorized by mechanism of action

Purely restrictive
Vertical banded gastroplasty
Adjustable gastric banding
Sleeve gastrectomy
Intragastric balloona

Purely malabsorptive
Jejunoileal bypassb

Jejunocolonic bypassb

Appetite suppression
Implantable gastric stimulatorc

Malabsorption > restriction
Biliopancreatic diversion
Biliopancreatic diversion with duodenal switch
Very long limb Roux-en-Y gastric bypass

Restriction > malabsorption
Roux-en-Y gastric bypass

a Not approved for use in the United States.
b Abandoned techniques.
c Not currently available for clinical use.
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pepsin at a pH of 5 or less, and pepsin cleaves protein to peptides. Passage of
peptides and amino acids into the duodenum stimulates duodenal and jeju-
nal epithelial cells to release cholecystokinin (CCK). Food in the antrum,
antral distention, and vagal stimulation increase gastrin production, and
gastrin further enhances CCK release. CCK stimulates release of pancreatic
acinar cell trypsinogen, which is cleaved in the duodenum by duodenal en-
terokinase into its active form, trypsin. Trypsin then activates pancreatic
acinar cell chymotrypsin and procarboxypeptidases A and B, which hydro-
lyze proteins into oligopeptides and amino acids. Oligopeptides are digested
by brush border peptidases and then absorbed through the sodium-depen-
dent amino acid cotransporters located along the luminal border of the du-
odenal enterocyte. Fifty percent of protein absorption occurs in the
duodenum, and, by the midjejunum, the majority of protein absorption is
complete [17].

Carbohydrate metabolism
Salivary and pancreatic amylase hydrolyze polysaccharides into oligosac-

charides. Oligosaccharides are broken down by intestinal brush border oli-
gosaccharidases including sucrase, maltase, and lactase to the
monosaccharides glucose, fructose, and galactose [17]. Glucose and galac-
tose are actively transported into the enterocyte by a Naþ Kþ ATPase
pump, while fructose is transported passively through carrier-facilitated dif-
fusion. Carbohydrate absorption begins in the duodenum and is complete
within the first 100 cm of the small intestine [17].

Lipid metabolism
Dietary lipids include free fatty acids, triglycerides, phospholipids, and

cholesterol. Lipids enter the duodenum and stimulate duodenal mucosal I
and S cells to secrete CCK and secretin, respectively, which stimulates gall-
bladder contraction and pancreatic secretion of lipase, cholesterol esterase,
and phospholipase A2 to create lipid by-products [17]. Bile salts emulsify the
lipid by-products in bile salt–formed micelles for transport into the entero-
cyte. Triglycerides and cholesterol are resynthesized within the enterocyte
and combine with other nonpolar lipids, phospholipids, and proteins to
form chylomicrons. From the enterocyte, chylomicrons are transported
into the lymphatic system. Although 93% of dietary lipids are absorbed
in the proximal two thirds of the jejunum, fat absorption, including the
fat-soluble vitamins A, D, E, and K, can occur throughout the length of
the small intestine. Excess bile salts are absorbed in the terminal ileum [17].

Micronutrients, vitamins, essential minerals

Fat-soluble vitamins
The fat-soluble vitamins, A, D, E, and K, diffuse across the brush border

plasma membrane of the intestinal epithelial cell inside micelles formed by



502 TUCKER et al
bile salts and lipid digestion products [17]. Although most fat-soluble vita-
min absorption occurs in the proximal two thirds of the jejunum, absorption
can occur throughout the small intestine. Deficiencies can occur due to re-
duced intake or malabsorption. In malabsorptive procedures performed
for weight loss, the duodenum and varying lengths of jejunum are bypassed
with resultant inadequate mixing of food with biliary and pancreatic secre-
tions, causing steatorrhea, bile salt wasting, and malabsorption of fat-solu-
ble vitamins.

Water-soluble vitamins
Water-soluble vitamins include B1 (thiamine), B2 (riboflavin), B3 (niacin),

biotin, pantothenic acid, B6, B12 (cobalamin), folate, and vitamin C (ascor-
bate). Most water-soluble vitamins can be absorbed by simple diffusion if
taken in sufficiently high doses with the exception of vitamin B12. Absorp-
tion mainly occurs in the proximal small bowel, mainly in the jejunum.

Vitamin B12

Cobalamin-containing foods such as meat, eggs, and milk undergo acid
and peptic hydrolysis in the stomach to release vitamin B12. Once liberated,
vitamin B12 is avidly bound to glycoproteins known as R binders that are
secreted in saliva, gastric juice, bile, and intestinal secretions. In the duode-
num, pancreatic lipases degrade R binders and allow vitamin B12 to bind
with intrinsic factors produced by gastric parietal cells. The intrinsic fac-
tor–vitamin B12 complex is bound to specific receptors in the terminal ileum
and absorbed. The parietal cells that secrete acid and intrinsic factor and the
chief cells that secrete pepsinogen are located primarily in the fundus and
body of the stomach. Surgical procedures that produce restriction by crea-
tion of a small gastric pouch, such as RYGB, can cause significant vitamin
B12 deficiency by reduction of acid and pepsin digestion of protein-bound
cobalamins in food, incomplete release of R binders, and decreased produc-
tion of intrinsic factor.

Iron
Iron is liberated from heme proteins in foods of animal origin by expo-

sure to acid and proteases in gastric juices. The low pH of the gastric acid
solubilizes iron by reducing it from the ferric to the ferrous state for absorp-
tion in the duodenum and upper jejunum. After RYGB, reduced intake of
organic heme iron, reduced conversion of the ferric to ferrous state, and re-
duced absorption can all contribute to low iron levels, especially in premen-
opausal women with additional menstrual losses. Tannins, phosphates, and
phytates in food reduce iron absorption, whereas ascorbic acid increases it.

Folic acid
Dietary folate is present in food in the form of polyglutamates, which are

hydrolyzed by intestinal brush border conjugases to monoglutamates.
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Absorption occurs primarily from the proximal third of the small intestine
but can occur along the entire length of the small intestine. Folate deficiency
occurs with reduced dietary intake and reduced absorption.

Calcium
Calcium is absorbed primarily in the duodenum and proximal jejunum by

an active saturation process mediated by vitamin D. Deficiency can occur
with reduced intake of calcium- and vitamin D–containing food, reduced
absorption due to bypass of the duodenum, and malabsorption of vitamin
D. When a significant amount of the stomach is excluded, such as in
RYGB, calcium citrate with vitamin D is the preferred preparation for re-
placement because it is more soluble than calcium carbonate in the absence
of gastric acid production. Phytates, phosphates, and oxalates in food re-
duce calcium absorption.

Other nutrients
Essential minerals and trace elements (zinc, copper, cobalt, selenium,

magnesium) are absorbed in the small intestine.

Preoperative nutritional status in bariatric patients

A morbidly obese patient is not a well-nourished patient. Although obese
individuals have excess stores of energy in the form of fat, they may have
clinical or subclinical nutritional deficiencies because of a poor diet over
a prolonged period of time [18]. Most reported studies in the literature
have concentrated on perioperative nutrient deficiencies before and after bil-
iopancreatic diversion (BPD) and biliopancreatic diversion with duodenal
switch (BPD-DS). In a review of nutritional deficiencies after BPD in 94 pa-
tients and BPD-DS in 76 patients, Slater and colleagues [19] reported a sig-
nificant reduction in fat-soluble vitamin levels and abnormal calcium
metabolism at 1 year following surgery. At 1 year, serum vitamin A levels
were low in 52% of patients, vitamin K in 51%, and vitamin D in 57%. Se-
rum zinc levels were also low in 51%, and hypocalcemia was present in 15%
with secondary hyperparathyroidism in 31% [19]. None of the patients were
symptomatic. The results suggested that fat-soluble vitamin deficiency, hy-
pocalcemia, and low zinc levels were present in many of the patients before
surgery.

Other studies have demonstrated similar findings [20–23]. Compston and
colleagues [22] demonstrated low preoperative serum vitamin D levels in
16% of patients, and in a separate study, Bell and colleagues [23] confirmed
these findings with amean vitamin D level of 29 ng/mL in obese patients com-
pared with 37 ng/mL in nonobese patients. Similar deficiencies have been re-
ported in obese patients before RYGB, which persist and may worsen after
surgery if unrecognized. In a prospective study by Sanchez-Hernandez
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and colleagues [21], improvements in vitamin D deficiency and secondary
hyperparathyroidism after RYGB were seen in 42% of patients; 37% of
patients maintained their preoperative levels and 20% had a further reduc-
tion. Oral vitamin D supplementation and increased sunlight exposure
were recommended in the morbidly obese [21]. Preoperative bone mineral
density scans demonstrated osteopenia in 15 of 230 patients in a study by
Johnson and colleagues [24], with further bone loss in the first year after
RYGB.

Deficiencies of other essential vitamins, minerals, and trace elements are
reported. Decsi and colleagues [25] demonstrated reduced serum vitamins A
and E in obese boys compared with control values. Before LAGB, Gas-
teyger and colleagues [26] showed low iron levels in 31% and vitamin B12

deficiency in 14% of their patients. At 1 year after LAGB, serum folate levels
were significantly decreased [26]. Cooper and colleagues [27] also demon-
strated low serum folate at 1 year following modified VBG despite low-dose
multivitamin supplementation. Reduced thiamine levels are also reported,
which can result in significant neurologic sequelae. Because thiamine is absent
from fats, oils, and refined sugars, patientswith a high carbohydrate intake de-
rivedmainly from refined sugars andmilled rice are at greater risk of thiamine
deficiency. The authors’ group previously evaluated preoperative thiamine
levels in obese patients not taking nutritional supplements, with no history
of frequent alcohol consumption, othermalabsorptive conditions, or previous
bariatric surgery [28]. Of 303 patients, 15.5% had low preoperative thiamine
levels. Female patients had lower mean preoperative thiamine levels of 2.4
mg/dL when compared with male patients (3.2 mg/dL) [28]. Deficiencies of
micronutrients including vitamins A, K, C, and E, zinc, arginine, glutamine,
copper, iron, essential fatty acids, bromelain, bioflavanoids, and ornithine
alpha-ketoglutarate may interfere with wound healing after surgery. These
findings emphasize the importance of a thorough preoperative nutritional as-
sessment, with intervention if deficiencies exist.

Metabolic consequences of specific bariatric procedures

Restrictive procedures

Purely restrictive procedures achieve weight loss by limiting the total
daily volume of food intake. Surgical options include the vertical banded
gastroplasty (VBG), LAGB, or sleeve gastrectomy [29,30]. These procedures
reduce the total volume and rate of food consumption. Absorption of in-
gested nutrients is normal because the continuity of the stomach, duode-
num, and small bowel is intact. Nutritional deficiencies are uncommon
unless eating habits are excessively restricted or a complication occurs.
Due to a decrease in total caloric intake and selective food intolerance, par-
ticularly to meat, the ingestion of many essential nutrients, both macronu-
trients and micronutrients, is reduced. Due to the inability to tolerate
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leafy and green vegetables, folic acid deficiency is the most common nutrient
deficiency encountered after restrictive procedures. Daily multivitamin and
mineral supplementation is recommended. Malnutrition can result if com-
plications occur. Vomiting is common after VBG and LAGB and can result
in significant nutritional deficiencies with dehydration and electrolyte
abnormalities.

Malabsorptive procedures

Purely malabsorptive procedures include the jejunoileal (JIB) and jejuno-
colonic bypass (JCB). Although it resulted in significant weight loss in over
70% of patients, the JIB was abandoned owing to serious metabolic conse-
quences including intractable diarrhea, electrolyte disturbances, severe pro-
tein-calorie malnutrition, hypocalcemia, calcium oxalate stones, vitamin
deficiencies, migratory polyarthralgias, and liver dysfunction progressing
to cirrhosis and liver failure [31,32]. A high proportion of JIBs have now
been revised to a less malabsorptive procedure or reversed. Nevertheless, pa-
tients continue to present with the metabolic consequences of severe malab-
sorption with metabolic bone, hepatic, and renal disease with hyperoxaluria
and renal stones [33]. Significant hypovitaminosis D osteopathy, osteopenia,
and hypocalcemia owing to vitamin D deficiency have been reported in a pa-
tient 32 years after JIB [34].

Combined malabsorptive and restrictive procedures

Procedures combining malabsorption and restriction include the RYGB,
BPD, andBPD-DS. TheRYGB is themost commonly performed bypass pro-
cedure. Weight loss occurs owing to a reduction in gastric volume with re-
stricted intake, the dumping syndrome precipitated by ingestion of simple
sugars, and a degree of malabsorption (Fig. 1). The dumping syndrome is pre-
cipitated by the ingestion of foodwith a high sugar or fat content and occurs in
more than 75%of patients followingRYGB [35]. It generally subsides 12 to 18
months after surgery. Patients can have disabling symptoms with food aver-
sion and dehydration. Prevention involves consumption of small frequent
meals, avoidance of high sugar content foods, chewing food thoroughly, eat-
ing slowly, and drinking liquids in between meals. A wide variety of pharma-
cologic therapies are available for patients with severe symptoms [35]. Low
levels of vitamin D, calcium, vitamin B12, and iron predominate after
RYGB [36]. In a series of 41 patientswhounderwentRYGB, Johnson and col-
leagues [37] demonstrated a linear decrease in vitaminDwith a linear increase
in parathyroid hormone over timewith increased roux limb length. Secondary
hyperparathyroidism with elevated parathyroid hormone was seen in 58% of
the patients after RYGB with normal vitamin D levels, suggesting selective
calcium malabsorption [37]. Late development of metabolic bone disease
with osteomalacia can occur due to vitamin D deficiency and secondary
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hyperparathyroidism [38]. Postmenopausal women after RYGB demonstrate
evidence of secondary hyperparathyroidism, elevated bone resorption, and
reduced femoral neck and higher lumbar spine bone loss [39].

The BPD is primarily a malabsorptive procedure with minor restriction,
consisting of a distal gastrectomy with a large 200- to 500-mL proximal
pouch and a long Roux-en-Y reconstruction [40]. To reduce the adverse
side effects of marginal ulceration, diarrhea, and protein-calorie malnutri-
tion, the BPD was modified to the BPD-DS procedure [41,42]. The BPD-
DS combines a vertical sleeve gastrectomy with a volume of approximately
100 to 150 mL and a duodenal switch with a common channel of 100 cm and
an alimentary limb of 150 cm. Nutritional deficiencies are more common af-
ter the BPD and PBD-DS when compared with the RYGB. Fat-soluble
vitamin deficiencies, protein-calorie malnutrition, hypocalcemia, diarrhea
with dehydration and electrolyte disturbances, and deficiencies of zinc and
selenium are common after BPD [43,44]. By retaining the pylorus, the
BPD-DS procedure would be expected to reduce diarrhea and the risk of
malnutrition when compared with BPD; however, in a study by Dolan
and colleagues [45], similar weight loss and nutritional side effects were
seen after BPD and PBD-DS, with hypoalbuminemia in 18%, anemia in
32%, hypocalcemia in 25%, and low levels of vitamins A, D, and K in
nearly 50% of patients despite vitamin supplementation in over 80%.

Neurologic sequelae including encephalopathy, peripheral neuropathy,
rhabdomyolysis, and Guillain-Barre syndrome have been reported following
BPD and RYGB [46]. Of 957 patients in eight reports of neurologic compli-
cations after RYGB, 25% had vitamin B12 deficiency and 11% thiamine de-
ficiency [46]. Vitamin A deficiency has been reported after RYGB and BPD,

Fig. 1. Site of absorption of macronutrients and micronutrients. (Courtesy of the Cleveland

Clinic Foundation, Cleveland, Ohio; with permission.)
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with ocular complications of xerophthalmia, nyctalopia, decreased visual
acuity, and legal blindness [44,47].

Metabolic consequences of postoperative complications

Bariatric surgery involves an abdominal operation in a high-risk patient
with significant comorbidity and the technical challenges of body habitus.
None of the available surgical procedures are without complications [48–51].
Complications, whether early or late, can result in inadequate oral intake,
excess gastrointestinal losses by vomiting or diarrhea, and a catabolic state
with increased nutrient requirements. Early gastrointestinal complications
after purely restrictive procedures are uncommon but include hemorrhage,
gastric or esophageal perforation, outlet stenosis in VBG, and staple line
leakage in VBG or sleeve gastrectomy. A similar range of complications
can be seen after combined malabsorptive and restrictive procedures, with
the addition of anastomotic leaks, fistulation, and intestinal obstruction
[52]. These complications are usually detected in the immediate postopera-
tive period and appropriate management instituted. Resultant nutritional
deficiencies are rare, except in patients who have preexisting deficits. Never-
theless, acute stress and sepsis cause catabolism of lean body mass, which
can be severely detrimental in an obese patient with preexisting protein de-
pletion owing to a poor diet [53]. As is true for nonobese patients, if absence
of oral intake is anticipated for 5 days or more, total parenteral nutrition or
fine-bore nasojejunal feeding is recommended. These individuals are at risk
for the refeeding syndrome, and serum levels of potassium, magnesium, and
phosphorous should be checked daily for the first 3 days and promptly re-
placed if low [54].

Following recovery from the early postoperative period, other problems
may arise that can contribute to nutritional deficiencies. One of the most
common complaints after bariatric surgery is vomiting, occurring in 30%
of patients [52]. Prolonged vomiting can result in dehydration, protein-calorie
malnutrition, and thiamine deficiency resulting in neurologic sequelae [55–60].
There aremultiple causes, and careful evaluation is essential (Box 2). Faintuch
and colleagues [51] identified exogenous precipitating factors in 64% of 11
malnourished patients in a series of 236 patients who underwentRYGB.After
VBG or LAGB, mechanical causes include outlet obstruction or stenosis,
band slippage, band erosion, or cuff overdistention with LAGB [61]. Acid re-
flux and dysphagia are frequent accompanying symptoms contributing to in-
adequate oral intake. Over time, pouch and distal esophageal dilation with
megaesophagus can develop.

After RYGB, stenosis of the gastrojejunostomy is a common complication
occurring in 4% to 20%of patients [62–65]. Diarrhea can occur owing to food
sensitivity, the dumping syndrome, lactose intolerance, malabsorption, and
bacterial overgrowth and infection, causing dehydration and electrolyte
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imbalances. Other complications after RYGB, BPD, and BPD-DS include in-
testinal obstruction due to an internal, incisional, or port site hernia or adhe-
sions (Box 3) [66,67]. Symptoms can be acute with a complete small bowel
obstruction or recurrent with intermittent partial episodes of obstruction.
Early intervention is important if and when complications develop to prevent
ongoing symptoms. Intravenous replacement of potassium, essential vitamins
including thiamine, and minerals is necessary in the presence of a history of
prolonged vomiting or reduced oral intake to prevent the development of
adverse nutritional and metabolic sequelae.

Modification of eating behavior

Following bariatric surgery, patients need to modify their eating behav-
ior. After VBG, LAGB, or RYGB, patients need to reduce the food volume
consumed, chew food very well, and slow the pace of eating. Failure to mod-
ify eating habits will result in vomiting and severe discomfort. The stomal
size of the LAGB can be altered by filling or removing saline from the

Box 2. Causes of vomiting after bariatric surgery

Inadequate chewing
Overdistention of the pouch by fluid
Large volume meals
Food intolerance (red meat, lactose)
Stomal outlet stenosis/obstruction
Marginal ulceration
Intestinal obstruction
Gastroesophageal reflux disease
Symptomatic gallstones
Medications
Dumping syndrome

Box 3. Late gastrointestinal complications after Roux-en-Y
gastric bypass

Intestinal obstruction
Marginal ulcers
Stomal stenosis
Dumping syndrome
Gallstones
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band depending on the amount of food the patient tolerates. Red meat and
poultry are often not well tolerated after restrictive procedures and RYGB
[68]. Failure to chew food well may result in outlet obstruction, discomfort,
and vomiting. Ground or pureed meat is easier to tolerate. Fluids should not
be consumed with food but taken 30 minutes before or after eating to pre-
vent pouch filling, vomiting, or early satiety leading to grazing between
meals. Each meal volume should be measured (!45 mL), each bite should
be chewed 20 times, and cessation of eating should occur once the patient
starts to feel full rather than waiting for the onset of discomfort. High
sugar-containing drinks and sweets should be avoided to enhance weight
loss. Carbonated drinks should be avoided because the carbon dioxide
can lead to discomfort. Following RYGB, the ingestion of simple sugars
in concentrated form will precipitate the dumping syndrome and should
be omitted from the diet. Patients should be advised to avoid sugar-contain-
ing beverages, juice, concentrated sweets, and sugar-containing condiments
and sauces such as sweet and sour sauce, ketchup, and certain salad dress-
ings. High fat-containing food should be avoided, particularly after BPD
and BPD-DS. Fat-free milk is advised after BPD or BPD-DS to avoid diar-
rhea, bloating, and excess flatulence due to lactase deficiency.

Protein-rich food should be the major component at each meal. Many
studies have demonstrated reduced protein intake below recommended
levels following bariatric surgery, with reduced dietary intake of iron, folate,
and calcium [69]. In a retrospective review of 69 patients who had undergone
RYGB 18 months to 4 years earlier by Warde-Kamar and colleagues [70],
the average daily caloric intake was variable, ranging from 624 to 3486
kcal with a mean of 733 � 630 kcal, with 44% of calories from carbohy-
drate, 22% from protein, and 33% from fat. Snacks accounted for 37%
of the daily intake. Following VBG, patients adversely altered their diet to-
ward soft, high-calorie food with increased intake of milk, ice cream, and
solid sweets [71,72].

The role of preoperative preparation, postoperative nutrient

supplementation, and surveillance

At the authors’ center, before surgery, all patients are extensively assessed
by a multidisciplinary team. Preoperatively, patients are encouraged to eat
three meals a day, with no snacking in between. Consumption of high-pro-
tein food including meat, fish, eggs, and poultry, and avoidance of empty
calorie food is advised. Physical activity is encouraged with a goal of walk-
ing for 30 minutes daily. Patients are advised to taste different protein
shakes to identify their preferred preparation for postoperative use. Daily
supplementation with a multivitamin with iron, vitamin B complex, and cal-
cium is commenced after measurement of serum levels. If serum levels are
low, appropriate replacement is performed.
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After surgery, all patients receive multivitamin supplementation in the
form of a daily multivitamin with iron, additional vitamin B12, a vitamin
B complex with thiamine, and vitamin C, iron, and calcium (Table 1).
Zinc and biotin supplementation are optional to minimize temporary hair
thinning. Additional protein should be given in the form of protein shakes.
The daily requirement following RYGB is 40 to 60 g/day. Additional levels
are required after BPD-DS at 60 to 90 g/day. In the authors’ unit, protein
shakes are administered for 2 weeks before surgery and continued for 2 to
3 weeks. Consumption of protein-rich food in the form of cheese, fish,
and meat is encouraged once oral intake is established. Patients are encour-
aged to continue to drink protein shakes, particularly if oral intake is poor.
Additional supplementation may be required in menstruating women at risk
of iron deficiency anemia, during pregnancy with increased maternal and fe-
tal requirements, and in obese adolescents [73]. Maternal malabsorption af-
ter BPD has resulted in vitamin A deficiency with development of night
blindness during the third trimester of pregnancy and in vitamin A defi-
ciency in the newborn infant [74]. The prevalence of overweight in female
children and adolescents has increased from 14% in 1999 to 2000 to 16%
in 2003 to 2004, with an increase in the prevalence of overweight in male

Table 1

Postoperative nutritional supplements after bariatric surgery

Nutritional

supplement RYGB Sleeve gastrectomy LAGB

Calcium with

vitamin D

Calcium citrate,

500 mg � 3/d

Calcium citrate,

500 mg � 3/d

Calcium

citrate,

500 mg � 3/d,

or carbonate,

1200 mg/d

Vitamin B12 Intramuscular,

1000 mg/month;

oral, 100–300 mg/

d; or sublingual,

500 mg/d

Oral, 100–300 mg/d;

or sublingual,

500 mg/d

Not required

unless low

Vitamin B complex

with thiamine

1 tablet/d 1 tablet/d 1 tablet/d

Multivitamin tablet

to replace

1 tablet/d 1 tablet/d 1 tablet/d

Vitamin A 1 mg/d 1 mg/d 1 mg/d

Vitamin D 5 mg/d 5 mg/d 5 mg/d

Vitamin E 100–300 mg/d 100–300 mg/d 100–300 mg/d

Vitamin K 65–80 mg/d 65–80 mg/d 65–80 mg/d

Iron 45–60 mg/d 45–60 mg/d 45–60 mg/d

Vitamin C 500 mg/d 500 mg/d 500 mg/d

Zinc 15 mg/d 15 mg/d 15 mg/d

Biotin 3000 mg/d 3000 mg/d 3000 mg/d
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children and adolescents from 14% to 18% [5]. These patients require close
monitoring and careful nutrient supplementation following surgery.

Following all bariatric surgical procedures, patients require regular and
prolonged follow-up to assess weight loss, ensure compliance with diet
and multivitamin and nutritional supplements, and monitor for the develop-
ment of complications including nutritional deficiencies and electrolyte ab-
normalities. In the authors’ center, all patients are seen in the outpatient
clinic at 2 weeks and then every 3 months thereafter for the first year with
the exception of the LAGB group, who are reviewed every 2 months. Pa-
tients are then seen every 6 months with the option of a shared medical
appointment. Continuing patient education is critical to prevent noncompli-
ance. Numerous studies have demonstrated poor compliance with vitamin
and mineral supplements coupled with reduced dietary intake of below
50% of the recommended daily allowance [36,75,76].

Summary

Nutritional deficiencies are already present in many morbidly obese pa-
tients before surgery. Appropriate preoperative detection and correction is
essential. Deficiencies in vitamins, minerals, proteins, lipids, carbohydrates,
electrolytes, and trace elements can occur after all types of bariatric surgery.
The severity and pattern is dependent on the presence of preoperative uncor-
rected deficiency, the type of procedure performed varying with the degree
of restriction and the length of bypassed small intestine, the modification
of eating behavior, the development of complications, compliance with
oral multivitamin and mineral supplementation, and compliance with fol-
low-up. Rigorous control of fluids and electrolytes with establishment of ad-
equate oral nutrition is important in the immediate postoperative period.
Regular follow-up of the metabolic and nutritional status of the patient
is essential, with life-long multivitamin and mineral supplementation.
Pregnancy should not be considered until at least 18 months after bariatric
surgery following the completion of the period of rapid weight loss.
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