NIH Public Access
Author Manuscript
Pediatr Clin North Am. Author manuscript; available in PMC 2010 October 1.

NIH-PA Author Manuscript

Published in final edited form as:
Pediatr Clin North Am. 2009 October ; 56(5): 1105–1121. doi:10.1016/j.pcl.2009.07.002.

Nutritional Deficiencies in Obesity and After Bariatric Surgery
Stavra A. Xanthakos, MD, MSa,b
a Assistant Professor of Pediatrics, Division of Gastroenterology, Hepatology and Nutrition,
Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio
b

Medical Director, Surgical Weight Loss Program for Teens, Cincinnati Children’s Hospital Medical
Center, Cincinnati, Ohio

Synopsis
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The presence of nutritional deficiencies in overweight and obesity may seem paradoxical in light of
excess caloric intake, but several micronutrient deficiencies appear to higher in prevalence in
overweight and obese adults and children. Causes are multi-factorial and include decreased
consumption of fruits and vegetables, increased intake of high calorie, but nutritionally poor quality
foods, as well as increased adiposity which may influence the storage and availability of some
nutrients. As the obesity epidemic continues unabated and the popularity of bariatric surgery rises
for both severely obese adults and adolescents, medical practitioners must be aware of pre-existing
nutritional deficiencies in overweight and obese patients and appropriately recognize and treat both
common and rare nutritional deficiencies that may arise or worsen following bariatric surgery. This
article will review our current knowledge of nutritional deficits in obese and overweight individuals
and those that commonly present after bariatric surgery and summarize current recommendations
for screening and supplementation.
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Introduction
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The presence of nutritional deficiencies in overweight and obesity may seem paradoxical in
light of the evidence of excess caloric intake, but a growing body of literature has documented
that several micronutrient deficiencies may be higher in prevalence in overweight and obese
adults and children, particularly in those suffering from extreme obesity (BMI > 40kg/m2 in
adults and ≥ 99th percentile in children). Consumption of excess calories does not automatically
equate with over-consumption of fruits, vegetables and other unprocessed, high quality
nutrient-dense foods. Increased adiposity itself may influence the serum levels of some fatsoluble vitamins, such as vitamin D.[1] Compounding the problem, surgical treatments for
severe obesity have also grown in frequency and may exacerbate pre-existing vitamin and
mineral deficiencies or produce new ones, depending on dietary intake, adherence to
recommended post-operative supplementation and degree of malabsorption associated with
Corresponding author for proof and reprints: Stavra A. Xanthakos, MD, MS, Division of Gastroenterology, Hepatology and Nutrition,
Cincinnati Children’s Hospital Medical Center, 3333 Burnet Avenue, MLC 2010, Cincinnati, Ohio 45229, (513) 636-4415, (513)
636-7805 (fax), stavra.xanthakos@cchmc.org.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

Xanthakos

Page 2

NIH-PA Author Manuscript

the bariatric surgery procedure. Much of the recent data on nutritional deficits in obese
individuals are from studies of adults undergoing pre-operative evaluations for bariatric
surgery, which indicate that baseline nutritional deficiencies are not negligible in extremely
obese patients.
As the obesity epidemic continues unabated and the popularity of bariatric surgery rises for
both extremely obese adults and adolescents, clinicians must be aware of pre-existing
nutritional deficiencies in overweight and obese patients. To optimize long-term health after
bariatric surgery, it is important to screen for and recognize symptoms of deficiency, prescribe
appropriate supplementation and treat common and rare nutritional deficiencies that may
emerge both in the short term and long-term post-operatively. Though not as common as in
adults, the incidence of bariatric surgery has also increased dramatically in adolescents with
severe obesity, rising 5-fold between 1997 and 2003.[2] Therefore, pediatric practitioners may
well encounter the post-operative bariatric patient in their practice and must be able to screen
for and treat predictable nutritional deficiencies. The adolescent bariatric patient may be
particularly at risk for non-adherence to recommended supplementation and requires close
follow-up, given the longer anticipated life-span with altered digestive physiology.[3] This
article will summarize our current knowledge of nutritional deficiencies in obese and
overweight individuals, with a particular focus on those that commonly occur after bariatric
surgery. Current algorithms for screening and supplementation will also be reviewed.
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Mechanisms contributing to nutritional deficiencies in obesity
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Though commonly considered a state of “overnutrition”, obesity has increasingly been
recognized as a risk factor for several nutrient deficiencies, including lower levels of antioxidants and certain fat-soluble vitamins.[4] More recently, studies of extremely obese adults
undergoing bariatric surgery have identified a wider array of pre-existing nutritional
deficiencies prior to surgery. The cause of these nutritional deficiencies in overweight and
obese individuals is not completely known, but in large part is likely due to higher intake of
higher-calorie processed foods associated with poor nutritional quality, particularly in highly
developed countries in which there is an abundance of relatively cheap, energy-dense, but
nutrient-poor food. About 27–30% of the daily caloric intake of American children and adults
is comprised of low nutrient-density food, with sweeteners and desserts contributing 18–24%
of the total.[5,6] Unprocessed nutrient-dense foods include fruits and vegetables, dairy
products, whole grains, nuts and legumes, and fish and protein sources which contribute the
bulk of vitamins and minerals obtained from a non-supplemented diet. As intake of nutrientpoor food increases, the intake of unprocessed, nutrient-dense foods decreases proportionately.
[5] Higher fat diets (>30% of total caloric intake) are associated with decreased intake of
vitamins A, C and folate.[7] Increased consumption of sweetened beverages is also associated
with lower intake of milk, and therefore calcium and fortified vitamin D3.[8] In the case of
vitamin D3, additional risk factors for deficiency may include reduced physical activity leading
to decreased sun exposure, increased storage in excess adipose tissue, as well as ethnicity and
skin tone.[9]
The rising rate of bariatric surgeries in extremely obese adults and adolescents also plays a role
in increasing the risk of nutritional deficiencies associated with overweight and obese
individuals.[2,10] The presence of nutritional deficiencies of selected micronutrients and
macronutrients after bariatric surgery has been recognized for decades, but varies widely in
prevalence and severity depending on type of bariatric surgery (see Figure 1).
Surgical weight loss procedures are generally classified as restrictive, malabsorptive, or a
combination of both. Of the purely restrictive procedures, the vertical banded gastroplasty
(VBG, figure 1d) and adjustable gastric band (AGB, figure 1e) create a 30–50ml gastric pouch
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in the proximal stomach just under the gastroesophageal junction. The AGB is currently more
commonly performed than the VBG. The vertical sleeve gastrectomy (VSG, figure 1g) is also
a purely restrictive procedure, but does remove the greater curvature of the stomach, leaving
a narrow gastric sleeve in continuity with the remainder of the small intestine. Initially
performed as the first stage in a biliopancreatic diversion with duodenal switch procedure, it
is gaining increased interest as a stand-alone procedure for surgical weight loss.
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The purely malabsorptive jejunoileal bypass (JIB, figure 1a) that involved bypassing the
majority of the small intestine.has largely been abandoned due to numerous metabolic and
nutritional complications. The biliopancreatic diversion (BPD, figure 1b) and biliopancreatic
diversion with duodenal switch (BPD-DS, figure 1c) both involve restriction and
malabsorption. In the BPD up to 60% of the stomach is resected. The duodenal stump is closed
and the proximal ileum transected and anastomosed to the distal small bowel about 50 cm
proximal to the ileocecal valve. The distal ileal segment is anastomosed to the remaining
stomach. The BPD-DS variant involves a gastric sleeve resection of the greater curvature of
the stomach, but a small cuff of duodenum is preserved and anastomosed to the distal ileum.
The proximal ileum is anastomosed to the distal small bowel about 100cm from the ileocecal
valve. This reduces the degree of micronutrient malabsorption in comparison with the BPD.
The Roux-en-Y gastric bypass (RYGB, figure 1f) which currently is the most commonly
performed procedure in both adults and children is mainly restrictive, creating a 20–30ml
gastric pouch which is then anastomosed to a Roux limb of proximal jejunum. However, it
also bypasses the body of the stomach and the duodenum and delays the mixing of biliary and
pancreatic secretions with food in the proximal small bowel, which can contribute to poor
digestion and absorption of several nutrients.
Procedures that bypass a portion of the small intestine, including JIB, BPD, BPD-DS, and
RYGB carry the greatest risk of nutritional deficiencies. The proximal small intestine is the
primary site of vitamin D, calcium, copper and iron absorption. Not surprisingly, the risk of
malabsorption and nutrient deficiencies increases proportionally with the length of bypassed
proximal intestine, which tends to be greatest in BPD and JIB.[11] Gastric resection or bypass
of the body of the stomach also reduces mechanical digestion and acid secretion, which impairs
digestion and absorption of iron, vitamin B12 and other protein-bound nutrients, and diminishes
or abrogates the secretion of intrinsic factor, further impairing the absorption of vitamin B12.
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Fortunately, among the most malabsorptive procedures, the JIB has been abandoned and BPD
is much less commonly performed today. The majority of bariatric surgeries performed in
adults and children is the RYGB which bypasses a much shorter length of proximal small
intestine (typically 100–150cm) and lessens the risk of severe protein-calorie malnutrition, but
still carries a significant risk of micro-nutrient deficiency, particularly with non-adherence to
recommended vitamin supplementation. However, even the purely restrictive procedures,
including AGB, VSG, and VBG can lead to nutritional deficiencies resulting from restricted
dietary intake, particularly within the first few months of surgeries, but also over long-term
follow up.[12] Excessive postoperative nausea and vomiting, though rare, can also contribute
to and exacerbate nutritional deficits in both restrictive and restrictive-malabsorptive
procedures.
Therefore, some form of multi-vitamin supplementation is recommended after all bariatric
procedure. Often the number of supplements is dictated by the type of procedure and the
potential for malabsorption. After AGB, it is often typical to prescribe a single multi-vitamin
and recommend additional elemental calcium supplementation, but single multi-vitamin
supplementation does not appear to be sufficient to prevent iron and vitamin B12 deficiencies
and anemia following the restrictive-malabsorptive procedures.[13] Recent comprehensive
allied health nutritional guidelines from the American Society for Metabolic and Bariatric
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Surgery suggest laboratory measures to monitor pre-existing and post-procedure deficiencies,
as well as suggested post-operative vitamin and mineral supplementation, including dosing
and administration specifications.[14] All recommendations for supplementation are based on
expert opinion and observational research demonstrating the emergence of predictable nutrient
deficiencies after specific types of bariatric surgery. Prospectively controlled randomized trials
to determine optimal types and amounts of supplementation are largely lacking. Therefore,
available guidelines for supplementation are likely to change as new evidence becomes
available. Supplementation practices currently vary widely across programs, but with
emergence of guidelines, clinical practice may become more standardized, which will make it
easier to compare nutritional outcomes across different programs and further refine guidelines.
[15,16] A synopsis of screening and supplementation recommendations based on reported
expert opinion and the current practice at the author’s adolescent bariatric program is presented
in Table 1.[14,17] However, despite supplementation practices already in place in the vast
majority of bariatric programs, the prevalence of nutritional deficiencies among bariatric
patients is still quite high as reviewed in the following sections, perhaps due to difficulties with
adherence or because supplementation needs may vary among patients depending on adequacy
of dietary intake and type of surgery. Evidence of poor adherence to medications and
supplementation pre-operatively might also prompt choice of a purely restrictive bariatric
procedure to reduce postoperative risk of significant nutritional deficits.
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Prevalence and clinical significance of nutritional deficiencies in obesity and
after bariatric surgery Macronutrient deficiencies
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All types of bariatric surgery lead to very reduced total calorie intake, especially in the first 6
postoperative months, typically ranging from 700 to 900 kcalories per day following RYGB.
[18] This can contribute to the decreased intake of all macronutrients, especially protein, as
patients may have difficulty achieving recommended protein intakes in the face of severely
restricted caloric intake and in some cases temporary intolerance of protein-rich or dairy foods.
Although patients are advised to consume at least 1 to 1.5 gm of protein per kg of ideal body
weight (a minimum of 60 gm of protein per day), some studies have indicated that protein
intake in the first year after surgery may be much lower than recommended, often closer to 0.5
gm/kg.[18,19] Baseline hypoalbuminemia appears to be uncommon in the United States, but
was reported in up to 15.6% of subjects undergoing RYGB in Brazil.[18] Certainly, any preexisting hypoalbuminemia could be worsened if adequate protein intake is not achieved during
the periods of highest caloric restriction. Though the purely restrictive procedures and RYGB
with 75–150cm Roux limb lengths rarely cause hypoalbuminemia, BPD is more likely to lead
to hypoalbuminemia, with reported prevalence of hypoalbuminemia ranging from 3–11%.
[20–22] Longer Roux limb lengths in RYGB can however increase the risk of
hypoalbuminemia.[23] Low protein intake can lead to increased hair loss and contribute to
poor wound-healing, which is especially critical if body-contouring surgeries are pursued by
the patient at a later time.[24] Fortunately, significant protein-calorie malnutrition or
kwashiorkor is rarely seen, except in cases of extreme non-adherence to dietary
recommendations.[25]

Micronutrient deficiencies
Micronutrient deficiencies are the most likely long-term adverse events after bariatric surgery
and can lead to wide-ranging symptoms, most commonly anemia (10% to 74%) and
neurological dysfunction (5–9%) (Table 1).[26,27] Determining the true risk of developing
micronutrient deficiencies is challenging as there has been no consensus on the appropriate
type and amount of vitamin and mineral supplementation across bariatric surgery programs,
and therefore supplementation practices vary widely.[15] Further, varying levels of adherence
and dietary intake make it difficult to estimate the true risk of developing nutritional
Pediatr Clin North Am. Author manuscript; available in PMC 2010 October 1.
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deficiencies. Nonetheless, it is clear that micronutrient deficiencies are relatively common in
patients before and after all types of bariatric surgery and therefore it is important to screen
patients at baseline, and at a minimum, annually for deficiencies. In women who become
pregnant after bariatric surgery, it is critical to screen and treat nutritional deficits before and
during pregnancies. A recommended screening and supplementation algorithm is presented in
Table 1, but it is again important to emphasize that these suggestions are based on expert
opinion and reported recommendations, rather than results of randomized-controlled trials.
Importantly supplements should not be enteric-coated or time-release formulations, as most
bariatric patients have altered and diminished gastric phase digestion, particularly after RYGB,
BPD and VSG. Supplements and medications should readily dissolve in a glass of room
temperature water within at most 30 minutes; liquid, suspension or chewable preparations are
ideal. In the early post-operative period (first month), liquid or chewable preparations are often
better tolerated.

Iron
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Iron deficiency is perhaps the most common and earliest nutritional deficiency to occur
following bariatric surgery, occurring in up to 12 to 47% of patients, particularly after RYGB
and BPD.[15,18,28] Menstruating and pregnant females are at greatest risk.[28,29] Anemia
can also be exacerbated by chronic inflammation secondary to obesity.[30] While often
asymptomatic, iron deficiency can lead to anemia and fatigue and in severe cases, can present
with pica.[28,31] However, it is important to emphasize that baseline iron deficiency has also
been reported in up to 44% of adults prior to bariatric surgery which may contribute to iron
deficiency post-operatively if not identified and treated.[32] In a cohort study of 379
consecutive patients presenting for RYGB, iron deficiency was also more prevalent in younger
subjects <25 years old versus older subjects >60 years in age (79% versus 42% respectively).
[32] Routine multi-vitamin supplementation does not appear to be sufficient to prevent iron
deficiency after RYGB, and in most cases supplemental iron is necessary.[28] However, it is
not clear if this is because pre-operative deficiencies were not adequately identified and
corrected prior to surgery, as baseline studies are often lacking in most retrospective studies.
If refractory to oral iron supplementation and correction, parenteral iron therapy or even blood
transfusions may be necessary, especially in menstruating and pregnant women.[29,33]

Calcium and vitamin D
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Deficiency of vitamin D has gained widespread attention as the hormone has been increasingly
recognized as a risk factor for a multitude of diseases beyond development of rickets in
childhood and osteomalacia in adulthood. In addition to reducing dietary calcium absorption,
vitamin D deficiency may contribute to dysfunction of the innate immune system, and therefore
play a role in increasing risk of cancers, diabetes mellitus, autoimmune diseases and
cardiovascular disease.[34] The optimal levels of 25-hydroxyvitamin D [25-OH D], the
primary circulating form of the vitamin D, are debated, but deficiency is commonly defined
as 25-OH D level less than 20ng/mL (50nmol/L) and insufficiency as 21–29 ng/mL (50 to 80
nmol/L). Widespread deficiency (40 to 100%) of 25-OH D has been noted in population-based
studies in North America and many other countries [34–37], in part due to seasonal variation
in sunlight exposure, increased use of sunscreens to prevent skin cancer, and changes in lifestyle
favoring more indoor time.[34] Mean levels of 25-OH D have declined in national surveys of
adults in the United States between 1988–94 and 2000–2004.[38]
Accordingly, the current 2008 American Academy of Pediatrics supplementation
recommendations for vitamin D in childhood now include a recommendation that all infants,
children and adolescents have a minimum daily intake of 400 IU of vitamin D beginning soon
after birth.[39] Expert opinion suggests that the intake be increased to 800 to 1000 IU for
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children and adults receiving inadequate sun exposure.[34] Adequate sun exposure is defined
as twice-a-week exposure of arms and legs for 5 to 30 minutes between the hours of 10 a.m.
and 3 p.m., depending on the latitude, season and skin pigmentation. Optimal supplementation
for overweight and obese adults and children has not been determined, and current
recommendations for the general population should be followed. Notably, vitamin D2 which
is more commonly found in over-the-counter multivitamins is 70% less effective than vitamin
D3 in increasing and maintaining sufficient 25-OH D levels. [40]
Dietary intake may also play a role, though the predominant source of vitamin D remains
synthesis in the skin after ultraviolet radiation exposure, with less than 10% of vitamin D
originating from dietary intake.[41] Intake of vitamin D-fortified milk, which is a large source
of vitamin D, declines as children age.[42] Further, milk intake declines as consumption of
larger quantities of sweetened beverages increases, as observed in young African-American
and Caucasian girls followed longitudinally between ages 9–10 and age 19 years.[43] Some
studies have noted disparities in vitamin D intake in certain racial and ethnic groups, with
Mexican American and African-American adults consuming lower levels of vitamin D,
potentially due to higher rates of lactose intolerance.[44] Due to frequently darker skin tones,
these groups may also make lower levels of vitamin D after sun exposure.
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Overweight and obese individuals tend to have lower mean levels of 25-OH D compared with
lean subjects.[45] Potential explanations include decreased dietary intake of fortified milk
products, more sedentary lifestyle and reduced exposure to bright sunlight as well as
sequestration of the lipid-soluble vitamin in increased adipose tissue stores. Low serum 25OH D appears to be inversely proportional to increasing fat mass.[46,47] Marked seasonal
variation in 25-OH D levels may also be present in adult obese subjects, independent of the
degree of obesity. In one cross-sectional study of 248 obese subjects with BMI ranging from
30.1 to 68.9 kg/m2, prevalence of 25-OH D deficiency was 3.8 fold higher during the winter
when compared to summer months (91.2 vs. 24.3%, p<.001).[48] In contrast, comparison of
41 age, sex, race-ethnicity and seasonally matched pre-operative obese adult patients with nonobese controls demonstrated that the prevalence of vitamin D deficiency (61%) and
insufficiency (90%) was substantially higher than in controls (12% and 32% respectively),
even after controlling for sunlight exposure and dietary intake of calcium and vitamin D.[49]
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Accordingly, 25 to 80% of adult pre-bariatric patients may have baseline vitamin D deficiency.
[32,50] Hispanic and African-American patients undergoing bariatric surgery may have even
higher rates of vitamin D deficiency (~78%) than their Caucasian counterparts (36%).[51,52]
In a study of 70 adult patients presenting for RYGB, mean 25-OH D levels were also inversely
correlated with BMI, lending support to the theory that fat mass may influence bio-availability.
[53] Of concern is that 45% of these individuals continued to have insufficient vitamin D levels,
despite recommended post-operative supplementation. Optimal dosing of vitamin D after
various types of bariatric surgery remains unclear. A recent expert guideline suggests
supplementation of 2000 IU per day for patients after BPD-DS, with no additional vitamin
D3 for patients after RYGB or AGB, above that associated with the elemental calcium
supplement.[14] Based on the experience at the author’s adolescent bariatric surgery program,
vitamin D deficiency appears to be very prevalent both before and after RYGB, necessitating
additional vitamin D3 supplementation, up to 1000 IU orally daily or 50,000 IU monthly in
cases of severe deficiency (unpublished data). One recent prospective randomized clinical
study has indicated that doses up to 5,000 IU appear to be safe and necessary in some adults
patients after RYGB to maintain vitamin D sufficiency, yet not enough to prevent vitamin D
insufficiency for others.[54] Supplementation of calcium with vitamin D at recommended
levels for 6 months did not appear to suppress secondary hyperparathyroidism or bone
resorption in 44 women 3 or more years after RYGB.[55] Further prospective studies will be
necessary to determine the true prevalence and risk factors for vitamin D3 deficiency before
Pediatr Clin North Am. Author manuscript; available in PMC 2010 October 1.
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Despite high prevalence of vitamin D deficiency after bariatic surgery, serum calcium levels
are frequently maintained in normal ranges. Elevated parathyroid hormone levels are far more
common (up to 29% in RYGB and 63% after BPD), but it is unclear whether prevalence differs
significantly from baseline.[56–58] Reported sequelae of vitamin D and resultant calcium
deficiency after bariatric surgery, particularly in surgeries that include a malabsorptive
component, include high bone turnover and decreased bone mass.[57,59,60] Concomitant risk
factors may lead to earlier presentation. Osteomalacia has been reported in a 42-year-old patient
with a history of corticosteroid-dependent asthma, within 6 ½ years of RYGB.[59] Up to 70%
of patients develop secondary hyperparathyroidism after BPD[61]
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A routine multi-vitamin typically contains 400 IU of vitamin D (most often ergocalciferol or
D2) and 100–200 mg of calcium carbonate. Calcium with vitamin D supplements vary
considerably in the amount and type of calcium and vitamin D. A typical calcium with vitamin
D supplement often contains 500–600 mg per of calcium (carbonate or citrate) and 400–500
IU of vitamin D (ergocalciferol (D2) or cholecalciferol(D3)). Calcium citrate is easier to absorb,
particularly in conditions with reduced stomach acid, and is therefore preferable for patients
after bariatric surgery. Taken three times a day, calcium citrate + vitamin D supplements can
provide up to1500 –1800 mg of calcium and 1200–1500 IU of vitamin D. While these amounts
of calcium and vitamin D are likely to be sufficient for patients after the purely restrictive
procedures, patients after RYGB may require additional supplemental vitamin D3 and patients
after BPD-DS should be prescribed supplemental vitamin D3, as outlined in the table.

Other fat-soluble vitamins: Vitamin A, K and E
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Several large cross-sectional studies of obese and overweight children indicate that they may
have lower concentrations of antioxidant vitamins, retinol and beta-carotene (vitamin A), as
well as alpha-tocopherol (vitamin E).[4,62] Studies of baseline nutritional deficits in adults
presenting for bariatric surgery also indicate potential vitamin A and E deficiencies in the
extremely obese. Upto a 12.5% prevalence of low levels of retinols and beta- carotene has
recently been described pre-operatively in adults undergoing bariatric surgery, with increased
severity post-operatively.[63,64] In cases of very severe deficiency, this can cause
xerophthalmia and nyctalopia, with visual deterioration reported in one 39-year-old woman 3
years following RYGB.[65] Pre-existing vitamin E deficiency has been reported in up to 23
% of RYGB patients.[66] Though less common, significant declines in vitamin E have also
been reported after RYGB.[67] Vitamin E may be clinically significant due to its antioxidant
function. Neuropathy has been reported in association with vitamin E deficiency after
gastrectomy for gastric cancer, but reports of symptomatic deficiencies after bariatric surgery
are lacking.[68] In general however, fat-soluble vitamin deficiencies, including vitamin A
(69%), E (7.1%) and K (68%), appear to be more common after BPD due to significant fat
malabsorption.[69,70] Routine annual monitoring is therefore currently suggested only after
BPD or BPD-DS procedures, but should be considered after any bariatric surgery procedure
if symptoms develop (see Table 1).

Vitamin B12, B1 (thiamin), folate and vitamin B6
The B vitamins are generally important for neurological and hematological function. Further,
low folate and B12 levels can also be associated with elevated plasma homocysteine levels,
which may be a potential independent risk factor for oxidative stress and cardiovascular
disease.[71] However, a recent meta-analysis of supplemental folate therapy did not show any
benefit in reducing cardiovascular disease, so evidence is still inconclusive.[72]
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Overweight has been associated with a greater risk of decreased intake of folate in adolescents.
[73] Prevalence of pre-operative folic acid deficiency (up to 54%) has been noted in
international studies prior to bariatric surgery. However, recent American studies report very
low prevalence of folate deficiency (0–6%) at baseline, perhaps due to widespread folate
fortification of foods in the United States.[51,70,74] Similarly, risk of folate deficiency appears
to be very low after bariatric surgery in the United States, and addition of a routine multivitamin nearly always corrects any deficiencies.[28] This is likely due to additional dietary
sources from fortified foods, the absorption of folate along the entire length of the small
intestine and bacterial synthesis of folate in the intestine.[75] Low folate levels after bariatric
surgery therefore can indicate lack of adherence to multivitamin supplementation.[74]
In contrast with the low baseline risk of folate deficiency, low vitamin B12 levels have been
reported prior to bariatric surgery in up to 18% of severely obese adults.[51] Vitamin B12
deficiency post-operatively is more commonly associated with RYGB (up to one third of
patients),[28] but the rate is significantly reduced to approximately 4% of patients with vitamin
B12 supplementation.[64,76] Multivitamin supplementation alone is not sufficient to prevent
vitamin B12 deficiency.[28] Daily oral vitamin B12 (350 – 600 ug per day) is effective in
correcting deficiency in 81 to 95% of patients.[77,78], and intramuscular monthly vitamin B12
injections are another option in patients who have trouble adhering to daily oral supplements.
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Baseline vitamin B1 or thiamin deficiency has been reported in up to 29% of patients
undergoing bariatric surgery.[32] One study of 378 adults found that pre-existing thiamin
deficiency may be highest in African American (31%) and Hispanic patients (47%), compared
to Caucasians (7%). Thiamin deficiency is more common after procedures which involve
gastric bypass due to decreased acidification of food and impaired absorption, but has also
been reported in isolated cases after purely restrictive procedures.[79,80] Asymptomatic
thiamin deficiency has been reported in up to 18% of patients 1 year post RYGB. [64] Severe
thiamin deficiency leading to peripheral neuropathy, and in some cases Wernicke
encephalopathy, has been reported in both adults and adolescents after bariatric surgery.[81,
82] Typically this occurs around 6 weeks to 3 months after surgery, but has been reported to
occur as early as 2 weeks post-operatively.[83] Risk factors include excessive post-operative
vomiting leading to reduced intake and non-adherence to multi-vitamin supplementation.[84]
Rapid identification and treatment with intravenous supplementation can rapidly improve
visual loss and promote resolution of neurologic sequelae, while delay in repletion can cause
permanent disability.[81]
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Vitamin B6 (17.6%) and vitamin B2 (13.6%) deficiencies have also been reported in patients
1 year post-RYGB, but the true prevalence of pre-existing B6 and B2 deficiencies in obese
patients is unknown as these are not commonly screened for.[64]

Vitamin C (ascorbic acid)
Ascorbic acid or vitamin C deficiency has been noted in up to 36 % of adult patients aged 20
to 66 years prior to bariatric surgery.[85] Ascorbic acid deficiency correlated with higher BMI,
younger age, decreased intake of fruit and vegetables, and lack of vitamin supplementation.
More recently, ascorbic acid deficiency has been reported in 34.5% of post-RYGB patients at
1 year post-operatively.[64] Like vitamin E, ascorbic acid has important antioxidant functions.
Preliminary studies suggest that vitamin C and E supplementation lowers markers of
inflammation and may improve insulin sensitivity, but demonstration of significant adverse
effects of vitamin C deficiency on clinical outcome after bariatric surgery are still lacking.
[86] Routine screening is not currently recommended and standard multivitamin
supplementation should be sufficient to prevent deficiency postoperatively.
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Low serum zinc levels have been reported in both pre-operative (up to 28%) and post-operative
bariatric patients (36–51%).[69,87] In most cases, these zinc deficiencies have been
asymptomatic, but zinc deficiency with an acrodermatitis enteropathica-like rash has been
reported, in a patient who was completely non-adherent to recommended multivitamin
supplementation after a distal RYGB procedure.[25] Cardiomyopathy presumably secondary
to selenium deficiency has been reported 9 months following BPD.[88] Selenium also has
antioxidant function. Copper deficiency following bariatric surgery has gained increased
attention in recent years. Copper deficiency causing anemia and neurological impairment has
been reported in two patients following RYGB and copper deficiency has also been shown to
increase in prevalence after BPD.[70,89] If unexplained anemia persists in patients postbariatric surgery, copper deficiency should be excluded. Zinc supplementation in high doses
(50mg/day or more) can interfere with intestinal absorption and patients receiving prolonged
zinc supplementation should be monitored for copper deficiency. Routine screening for these
less common deficiencies is probably not cost-effective given their low incidence but should
be triggered by the onset of symptoms of unexplained anemia, neurological impairment,
unusual skin manifestations or cardiac dysfunction.

Nutritional deficiencies and pregnancy post-bariatric surgery
NIH-PA Author Manuscript

The importance of routine nutritional screening and supplementation is heightened in
pregnancy following bariatric surgery. In general, pregnancy after bariatric surgery appears to
be very safe after the rapid weight loss phase has ended and a stable weight has been achieved.
[90,91] Anemia is the most common problem during pregnancy after bariatric surgery,
however, rare but severe fetal and maternal complications due to nutrient deficiencies have
been reported. A fetal cerebral hemorrhage was reported due to maternal vitamin K deficiency
following vomiting after gastric band slippage.[92] Infantile visual impairment has also
occurred secondary to maternal, and subsequently fetal, vitamin A deficiency.[93] Therefore,
all nutrient deficiencies should be identified before pregnancy if possible and corrected prior
to pregnancy. Additional vitamin and calcium supplementation is often necessary. In some
cases, parenteral iron therapy or blood transfusions have been necessary to correct anemia.
[29]

Summary

NIH-PA Author Manuscript

Overweight and obese individuals are at risk for deficiencies in several micronutrients,
including iron, and vitamins D, B12, E and C. Risk factors include predominantly nutrient poor
diets. However, additional factors may play a role in vitamin D deficiency, including reduced
sun exposure and increased adipose stores. Bariatric surgery, an increasingly acceptable
treatment for severe obesity in both adults and adolescents can also lead to several predictable
nutritional deficiencies and can worsen pre-existing ones. It is critical to screen for nutritional
deficiencies in obese patients prior to bariatric surgery and at regular intervals after bariatric
surgery, and encourage adherence to supplementation.
At present there is a lack of evidence or expert recommendation to screen all overweight and
obese children for nutritional deficiencies. However given the emerging data on the high
prevalence of nutritional deficiencies associated with overweight and obesity, practice
recommendations may evolve as further information becomes available. If signs or symptoms
suggest a nutritional deficiency, screening for specific micronutrient deficits should be
performed, independent of bariatric surgery status. Despite a very high prevalence of vitamin
D deficiency in the general population, universal 25-OH D screening has not been
recommended. Rather, supplemental vitamin D (400 IU/day) should be recommended for those
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children and adolescents who do not obtain at least 400 IU/day through fortified milk, cereals
and other foods. Given the high prevalence of baseline nutritional deficiencies, the quality of
the diet should be screened in all overweight and obese children and a routine multi-vitamin
and focused dietary consultation should be considered, if the child’s diet is not adequately
balanced.
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Figure 1.
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Types of Past and Present Bariatric Surgery Procedures. Jejunoileal bypass (1a) has been
largely abandoned due to high risk of malabsorptive complications. Biliopancreatic diversion
(1b) is also less commonly performed. The most commonly performed procedures include the
Roux-en-y gastric bypass (1f), the biliopancreatic diversion with duodenal switch (1c) and the
purely restrictive procedures, the adjustable gastric band (1e), vertical-banded gastroplasty
(1d), and the vertical sleeve gastrectomy (1g).[10]
From Xanthakos SA. Bariatric surgery for extreme adolescent obesity: indications, outcome
and physiologic effects on the gut-brain axis. Pathophysiology 2008;15:135, with permission.
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Table 1

Recommended Nutritional Screening and Supplementation After Bariatric Surgery
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Baseline, 6 month and annual screening after bariatric surgery
Nutrient
Biomarker(s)
Vitamin B1
Serum thiamin
Vitamin B12
Folate

NIH-PA Author Manuscript

Serum vitamin B12
Red blood cell folate
Consider plasma homocysteine
Iron
Serum, ferritin, total iron binding capacity,
complete blood count with differential
Vitamin D
Serum 25(OH) vitamin D, calcium, phosphorus,
parathyroid hormone
Protein
Serum albumin
Additional annual screening after BPD and BPD-DS
Vitamin A
Plasma retinol
Vitamin E
Plasma alpha-tocopherol
Vitamin K
Prothrombin time
Screen after any bariatric procedure if suggestive symptoms
B6 (pyridoxine)
Plasma pyridoxal-5′-phosphate
Copper
Serum copper
Zinc
Plasma zinc
General supplementation recommendations
Supplement
Daily Recommendations
Multivitamin (contains folic
AGB/VSG
acid)
RYGB
BPD-DS
Calcium citrate with vitamin D3 AGB
RYGB and BPD-DS
Vitamin D3
RYGB
BPD-DS
Vitamin B12
RYGB
BPD-DS

Primary symptoms of deficiency
Ophthalmoplegia, nystagmus, ataxia, encephalopathy, rapid visual
loss (Wernicke encephalopathy)
Isolated peripheral neuropathy
Anemia, neurological dysfunction, visual loss
Anemia
Microcytic anemia
Decreased bone mineral density
Secondary hyperparathyroidism
Edema, excessive alopecia, poor wound- healing
Reduced night vision, visual impairment
Neuropathy, ataxia
Bleeding, easy bruising
Anemia, neurological symptoms
Anemia, neuropathy
Acrodermatitis enteropathica-like rash, taste alterations

One daily
One to two daily
Two daily
1200–1500mg/day
1800 mg/day
consider 1000 IU/day
2000 IU/day
crystalline 500 μg/day oral or 1000 μg/month
intramuscularly
monitor and start if needed.
65 mg elemental iron in menstruating females
consider once daily in first 6 months
10,000 IU vitamin A and 300 μg/vitamin K

Elemental iron
RYGB and BDP-DS
Vitamin B1
All procedures
Vitamin A, K
BPD-DS
*
Recommend in most cases that routine supplementation begin at discharge from hospital so that the patient develops a routine early. The author’s program
begins a multi-vitamin supplement and B complex pre-operatively during preparatory weight-management phase in all patients, and adds 1000 IU vitamin
D3, if pre-operative vitamin D deficiency is found.
Key: RBC: red blood cell
TIBC: total iron binding capacity
25 (OH) D: 25 hydroxy-vitamin D
PTH: parathyroid hormone
AGB: adjustable gastric band
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VSG: vertical sleeve gastrectomy
RYGB: Roux-en-Y gastric bypass
BPD-DS: biliopancreatic diversion with duodenal switch
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