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1	� Pre-operative Deficiencies

The World Health Organization (WHO) estimates 13% of the world’s adult popu-
lation were obese in 2016 [1]. The sleeve gastrectomy (SG) can be argued as the 
fastest growing weight loss surgical procedure since 2003, resulting in excess 
weight loss percentages of 33–90% [2, 3]. From 2003 to 2013, the percentage of 
sleeve gastrectomy procedures performed in North America increased by 244%, in 
Europe there was an increase of 48%, South America experienced a 14% increase, 
and Asia/Pacific countries reported a 75% increase in procedure volume; this 
details only about 0.01% of the world’s population having bariatric surgery [2].

Although there are many health advantages and resolutions of co-morbidities, 
many micronutrient deficiencies can result from metabolic changes associated 
with the sleeve gastrectomy [4]. Patients undergoing a sleeve gastrectomy pro-
cedure are at risk for nutrient deficiencies due to: limited food intake, increased 
risk of postoperative nausea and vomiting, food intolerances which may be newly 
developed since surgery, and reduced amounts of hydrochloric acid and intrinsic 
factor secretions within the stomach [4]. Nutritional deficiencies can be common 
in pre-operative patients and should be addressed and treated prior to surgery, to 
avoid postoperative complications [4, 5].
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2	� Post-operative Deficiencies

Weight loss surgery procedures can decrease nutrient intake, specifically in 
patients undergoing a sleeve gastrectomy procedure, due to the restrictive nature 
of the procedure [6]. The current and updated 2019 ASMBS(American Society for 
Metabolic and Bariatric Surgery) Guidelines provide the following early postop-
erative care and immediate follow up period checklist for monitoring during the 
first year after a sleeve gastrectomy procedure [7].

Early care related to vitamin supplementation for sleeve gastrectomy:

•	 Multivitamin plus minerals in 2 tablets to supply minimum requirements
•	 Elemental calcium in citrate form 1,200–1,500 mg/d
•	 3,000 IU/d vitamin D
•	 Vitamin B12 at dose to maintain normal levels
•	 Oral hydration of minimum 1.5 L/d.

Immediate follow up care related to vitamin supplementation for sleeve 
gastrectomy:

•	 Office visits at one, three, six, twelve months and then annually thereafter
•	 Comprehensive metabolic panel (CMP) at each visit
•	 Complete blood count with platelet testing at each visit
•	 Iron studies test for baseline and as needed thereafter
•	 Bone density scan at 2 years
•	 Vitamin B-12 performed annually and every 3–6 months if needing supplemen-

tation (methymalonic acid-MMA test- and homocysteine test as preferred)
•	 Thiamine evaluation as needed.

Postoperative micronutrient deficiencies, specifically in thiamine and vitamin 
D and calcium, can cause serious complications. Thiamine plays a role in major 
metabolic pathways within the body by creating many precursors for brain metab-
olism, separating ATP (adenosine triphosphate) molecules from glucose, and pro-
viding the core function in initiating many biochemical reactions in the central and 
peripheral nervous system [6, 8].

Deficiency in thiamine can lead to Wernicke-encephalopathy, wet Beriberi, 
and ultimately death, if left untreated. Wernicke-encephalopathy is diagnosed 
by a change in mental status, ocular movement abnormalities, and ataxia. Early 
onset symptoms of thiamine deficiency are non-specific and can include: fatigue, 
lethargy, uneasiness, and headaches [8]. If left untreated, symptoms can pro-
gress to congestive heart failure or wet beriberi, peripheral neuropathy, dyspha-
gia, depression, or Korsakoff syndrome [8]. Kröll et al. developed an overview of 
Wernicke-Encephalopathy after sleeve gastrectomy (Table 1) [8].

Weight loss surgery procedures can increase the risk of developing thiamine 
deficiency due to nausea and vomiting, rapid weight loss, and excessive alcohol 
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intake [8]. Since thiamine is a water-soluble vitamin, daily intake is needed to 
maintain normal serum levels, in fact, Sechi et al. found that lack of thiamine 
intake can lead to a deficiency in as few as 20 days without appropriate thia-
mine supplementation [9]. Angelou et al. found Wernicke encephalopathy onset 
occurred as early as 2 weeks and as late as 60 weeks after sleeve gastrectomy [10].

Postoperative thiamine deficiency was found to be as great as 25% in patients 
up to 2 years, and ranged from 0–30.8% by the 5-year mark regardless of supple-
mentation [6]. A study conducted by Johns Hopkins University, found that out of 
105 patients status post sleeve gastrectomy, patients with a higher BMI that were 

Table 1   Progression of wernicke-encephalopathy after sleeve gastrectomy

Adapted from Kröll et al. [8]

Risk factors – Recurrent emesis
– Non-compliance and inadequate vitamin 
supplementation
– Preoperative vitamin B deficiencies
– Surgical complications (stenosis)
– Parenteral feedings, caloric carbohydrate diet
– Co-morbidities: alcohol consumption, type 2 diabe-
tes, hepatic stenosis, non-alcoholic fatty liver disease, 
delayed gastric emptying

Time of neurological symptoms Early: within 2–6 weeks (stores can be depleted)
Late: within 7 months with variability, usually 
3–5 months

Clinical manifestations – Wernicke encephalopathy (ocular dysfunction, gait 
ataxia, encephalopathy) classic triad often not seen
– Altered mental status changes
– Korsakoff syndrome (amnestic-confabulatory 
syndrome)
– Peripheral neuropathy and polyradiculopathy
– Nonspecific symptoms: fatigue, lethargy, restlessness
– Atypical symptoms: vestibular dysfunction without 
hearing loss, dysphagia, depression

Diagnostic tools – Clinical diagnosis
Laboratory examination may not be specific, serum 
thiamine levels may be reduced
MRI may show increased T2 signals in periventricular 
regions

Differential diagnosis Other nutrient deficiencies: vitamin B-12, copper, folate, 
niacin, vitamin E

Treatment 500 mg thiamine IV TID for 2 days, followed by 
500 mg/d IV or IM for 5 days with magnesium and other 
B vitamins, followed by long-term oral supplementation 
of 50 or 100 mg/d

Outcome Complete recovery is rare



S. Stavola636

also of a minority ethnicity, or whom were of a minor ethnicity, independently, 
had a higher risk of developing thiamine deficiency: 20% at 3 months, 17% at 
6 months, and 20% at 12 months post-surgery, even while taking recommended 
3 mg thiamine supplementation daily [6].

There is evidence that suggests that weight loss procedures can cause a negative 
effect on bone mineral density, accelerate bone loss, and increase bone fragility 
[11]. However, these negative effects can mostly be reversed with adequate sup-
plementation after surgery [12]. Serum calcium levels often remain within normal 
limits in post-operative patients due to the regulatory pathways within the body. 
Unfortunately, obese individuals typically have abnormal 25(OH)D levels due to 
sequestration of vitamin D within adipose tissue and due to a sedentary lifestyle 
with reduced sunlight exposure [12]. It is believed that changes in gut hormone 
concentrations after the sleeve gastrectomy can cause vitamin D deficiency in 
post-operative patients [13].

Lu et al. conducted a twelve-year study to observe fracture risk in weight loss 
surgery patients. Their results showed that out of the total 1,775 patients that had 
a restrictive procedure, 154 (8.7%) patients had fractures. The fracture rate for the 
surgical group were: 1.6% for 1 year, 2.37% for 2 years, 1.69% for 5 years, and 
2.06% greater than 5 years, with most fractures occurring in the extremities [11].

Likewise, Mihmanli et al. studied 119 post sleeve gastrectomy patients and 
their vitamin D levels during the first year after surgery. At 12 months after sur-
gery, 32.7% of patients needed high-dose vitamin D supplementation to combat 
deficiency [13].

Carrasco et al. noted vitamin D deficiency in sleeve gastrectomy patients in 
31.6% preop, 5.6% 6 months, and 15.8% 12 months after surgery. Coincidentally, 
hyperparathyroidism was observed in 57.9% preop, 31.6% 6 months, and 5.3% 
12 months after surgery. Patients who achieved higher vitamin D and calcium 
intake via diet and supplementation had reduced parathyroid hormone levels. 
Calcium intake of patients, closer to ASMBS recommendations, showed an asso-
ciation with less bone loss in the lumbar region of the spinal cords of sleeve gas-
trectomy patients [14].

Pluskiewicz et al. noted bone mineral density reductions of 1.2% in the spine, 
7% in femoral neck, and 5.3% in total hip in sleeve gastrectomy patients that were 
6 months post-surgery [15]. A review of evaluation and management of bone 
health in the surgical patient (Table 2) and recommendations for calcium and vita-
min D supplementation (Table 3) are described below [16].

Although the causes for micronutrient deficiencies is multifactorial, resecting 
the gastric fundus in the sleeve gastrectomy procedure thus leading to reduced die-
tary intake, reduced hydrochloric acid and intrinsic factor, and a hypo acidic envi-
ronment, can lead to micronutrient deficiencies such as iron, folic acid, vitamin 
B-12, thiamine, vitamin B-6, and copper [17].

In a literature review conducted by Emile and Elfeki, several studies were 
reviewed to compare nutritional deficiencies after sleeve gastrectomy (Table 4).  
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Table 6   Nutrient deficiencies at baseline, 1 year, and 4 years after sleeve gastrectomy

Ben-Porat et al. [20]

Micronutrient Baseline deficiency (%) 1 year deficiency (%) 4 year deficiency (%)

Hemoglobin 11.5 20 18.5

Iron 44 41.2 28.6

Vitamin B-12 7.7 13.6 15.4

Folate 46 14.3 12.5

Vitamin D 96.2 89 86.4

Hyperparathyroidism 52 15.4 60

The studies ranged in dates from 2009 through to 2017 to provide a comprehen-
sive review of micronutrient deficiencies ranging from 3 months to 5 years after 
surgery [17].

Obesity related, low grade inflammation caused by obesity can lead to anemia. 
For the correct diagnosis of anemia after surgery, it is important to conduct a broad 
assessment of not only iron levels, but also vitamin B-6, B-12, folic acid, copper, 
selenium and zinc because deficiencies of these vitamins and minerals can lead to 
iron deficiency anemia [19].

A hypo acidic environment and over supplementation of zinc can lead to cop-
per deficiency, which is a nutrient needed for iron mobilization, and thus will 
cause a reduction in numbers of red blood cells. Copper deficiencies are often 
mistaken for iron or vitamin B-12 deficiency, and usually are not diagnosed until 
advanced neurologic conditions such as unstable gait, numbness in the extremities, 
or damage to peripheral nerves [19].

The ASMBS released updated 2019 clinical practice guidelines for care and 
management of patients undergoing weight loss surgery procedures. Table 5 pro-
vides a comprehensive review of the vitamin and mineral recommendations for 
supplementation and repletion of deficiencies.

Saif et al. monitored blood levels of major vitamins and minerals of 82 patients 
who underwent a sleeve gastrectomy over the course of 5 years. In this study, 20% 
of the population had low hemoglobin and hematocrit values, however, these val-
ues normalized up to year 3. By year 5, levels had returned to preoperative defi-
ciency levels. There was an increase in low levels for thiamine, however, enough 
values were not collected. Vitamin D status improved by year 1 for those that were 
deficiency pre-op, but by year 5 parathyroid hormone levels began to rise [18].

Likewise, Ben-Porat et al. observed long term results of 27 patients who under-
went a sleeve gastrectomy procedure, below are their findings in Table 6 [20].

Similarly, Moizé et al. conducted a 5 year study to review micronutrient defi-
ciencies in malabsorptive versus restrictive procedures. Of 355 patients, 61 under-
went a sleeve gastrectomy with their laboratory findings detailed in Table 7 [21].

Although the sleeve gastrectomy is a restrictive procedure, patients are still 
at a nutritional risk for developing deficiencies of major micronutrients due to 
an array of clinical reasons. The research studies reviewed in this chapter, prove 
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the importance of, and need for, long-term supplementation for vitamins and 
minerals after weight loss surgery. There is limited research that has been done 
on patients greater than 2 years post-surgery. However, the research that has been 
conducted, shows a trend towards reappearance of deficiencies that were noted in 
the pre-operative phase for surgery.
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