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Abstract
Bariatric surgery is an effective option for managing obesity and has gained general acceptance among patients in recent 
years. Generally, despite the high caloric intake, a bad nutritional habit of obese people results in the deficiency of several 
vitamins, minerals, and trace elements essential for body metabolism and normal physiological processes. Additionally, 
the current bariatric surgical approaches such as sleeve gastrectomy (SG), Roux-en-Y-gastric bypass (RYGB), laparoscopic 
adjustable gastric banding (LAGB), and jejunoileal bypass (JIB) can cause or exacerbate these deficiencies. Based on several 
reports, it appears that the various bariatric surgical procedures affect nutrient absorption differently. Being purely restric-
tive, LAGB and SG affect the absorption of iron, selenium, and vitamin  B12, while RYGB, JIB, and biliopancreatic diversion 
have a more profound impact on the absorption of essential vitamins, minerals, and trace elements. Nutritional deficiencies 
in vitamins, minerals, and trace elements may follow bariatric surgery and are associated with clinical manifestations and 
diseases, including anemia, ataxia, hair loss, and Wernicke encephalopathy. The present review summarizes some of the 
major vitamin and micronutrient deficiencies associated with bariatric surgery, particularly those presented post-surgically. 
To avoid any adverse consequences of vitamin and trace element deficiency, proper monitoring and tests are recommended 
at any stage, from pre- to post-surgery (periodical check-up), followed by specific and individual nutritional supplementation 
treatments and a proper healthy diet.

Keywords Bariatric surgery · Nutritional supplements · Micronutrients deficiency · Trace elements deficiency · Vitamins 
deficiency

Introduction

Obesity has become a global public health issue with an 
increased incidence in recent decades [1]. Alarmingly, a 
higher prevalence rate of obesity has also fueled other health 
epidemics such as type 2 diabetes mellitus, dyslipidemia, 

insulin resistance, and cardiovascular disorders [1]. Bariatric 
surgery has recently gained attention as an effective option 
to manage obesity, and the acceptance of this surgical pro-
cedure has increased in the past few years [2, 3]. The strate-
gies for the management of obesity include lifestyle changes, 
medications, and surgery. Generally, individuals with very 
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high body mass index (BMI) (> 40) or obese subjects with 
BMI in the range of 35–39.9 and suffering from one of the 
obesity-associated metabolic complications are advised for 
weight-loss surgery. For individuals with BMI around 30, 
the decision to conduct bariatric surgery can be taken after 
consideration [4]. According to the International Diabetes 
Federation, those patients with type 2 diabetes mellitus who 
have suboptimal blood glucose control on a background of 
adequate medical therapy are recommended bariatric sur-
gery even though their BMI could be just 30 kg/m2 [5]. 
In bariatric surgery, the stomach size is reduced to limit 
the calorie intake of the obese patient leading to reduced 
food intake and a progressive loss of weight with time. For 
instance, the stomach size is reduced by 80% in the sleeve 
gastrectomy (SG), thus significantly reducing solid food 
and calories. SG spares the upper part of the intestine and 
is today one of the most common surgical procedures for 
weight loss as it is widely performed in the USA, Canada, 
Europe, and several Asian countries [6]. In a biliopancreatic 
diversion with the duodenal switch (BPD/DS), the stomach 
is resected in the same way as in SG with a subsequent con-
nection of the intestine end portion to the duodenum near the 
stomach [7]. In another type of bariatric surgery, called the 
Roux-en-Y-gastric bypass (RYGB), the stomach is divided 
into two parts: the smaller upper part and the bigger lower 
part. The small intestine is rearranged into a Y-configuration 
to connect to both parts of the stomach, and as a result, the 
major part of the small intestine is preserved from nutri-
ents absorption. The reversal of RYGB is possible but might 
technically be demanding compared with removing a gastric 
band [8]. Laparoscopic adjustable gastric banding (LAGB) 
is an alternative procedure but less effective in achieving 
weight loss than RYGB and SG [2, 3, 9]. Another type of 

bariatric surgery, the jejunoileal bypass (JIB), was the first 
bariatric surgery performed and led to dramatic weight loss 
in patients. However, subjects who undergone JIB showed 
severe side effects, and many died due to liver failure and 
other complications making this bariatric procedure out of 
favor. Since then, SG and RYGB have been the two com-
monest bariatric procedures to effectively manage obesity 
and weight loss [9–11]. However, these surgical procedures 
still have some side effects, and individuals who have under-
gone bariatric surgery often display the signs of vitamin and 
micronutrient deficiencies (Table 1) [2, 3, 10].

Different types of bariatric surgeries impact the absorp-
tion of micronutrients differently. Being purely restrictive, 
LAGB and SG affect the absorption of iron, zinc, selenium, 
folate, and B12, while RYGB, JIB, and biliopancreatic diver-
sion (BPD) have a more profound impact on the absorption 
of essential vitamins, minerals, and trace elements [12]. 
Over the past decade, several international publications tried 
to address the issue of micronutrient supplementation in 
post-bariatric patients [13–15]. The present review summa-
rizes some of the major vitamin and micronutrient deficien-
cies associated with bariatric surgery, focusing particularly 
on those presented post-surgically. Further, the co-existent 
pathologies and the most common symptoms associated 
with them are discussed.

Methods

A comprehensive search through the scientific literature on 
bariatric surgery and micronutrient deficiencies was carried 
out via Pubmed and Cochrane Library databases to meet the 
review goal fully. All searches in Pubmed were performed 

Table 1  Deficiencies of vitamins and trace elements after bariatric surgery and the associated clinical manifestations and diseases

Deficiency Clinical manifestations—diseases

Vitamins
 Vitamin B12 Lost of body coordination, numbness, neurological complications, memory impairment, macrocytic anemia, leucopenia, infertil-

ity
 Vitamin B1 Wernicke–Korsakoff syndrome, constipation, nausea, fatigue, anorexia, numbness, weakness
 Vitamin A Insomnia, acne, hyperkeratosis, night blindness, fatigue, immune impairment, dry hair
 Vitamin K Blood clotting disorders, osteoporosis
 Vitamin C Fatigue, delayed wound healing, depression, scurvy

Minerals
 Iron Anemia, immunodeficiency, fatigue, weakness, pale skin, headaches, dizziness, heart palpitations, shortness of breath, cold 

extremities, hair loss, gastrointestinal complaints
 Calcium Osteoporosis, tooth decay, depression, heart problem, weak nails, dermatitis, hypertension, muscle spams, sleeplessness
 Zinc Slow healing, hair loss, acrodermatitis, anxiety, depression, hormone disturbance, poor concentration, immune dysfunction
 Copper Fatigue, weakness, pallor, join pains, muscle pain, numbness, tingling, osteoporosis, anemia, frequent illness, skin inflammation, 

cold sensitivity
 Selenium Immune system dysfunction, vulnerability to infection, fatigue, hair loss, liver dysfunction, thyroid dysfunction, reproductive 

disorders
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with the help of the following keywords: [“Bariatric Sur-
gery” (MeSH)] OR [“Gastric Bypass” (MeSH)] OR [“Gas-
troplasty” (MeSH)] OR [“Jejunoileal Bypass” (MeSH)] 
AND [“Micronutrients” (MeSH)] OR [“Trace Elements” 
(MeSH)]. The search was limited to papers in the Eng-
lish language published from inception to 30 April 2021. 
According to their titles, all papers were initially screened to 
decide about their relevance for the scope of the review. As a 
next step, all papers were evaluated based on their abstracts 
with subsequent selection of papers meeting the inclusion 
criteria: (i) publications reporting about micronutrient defi-
ciencies associated with bariatric surgery; (ii) studies on 
human subjects; and (iii) studies published in the English 
language.

As for the exclusion criteria, the following filters were 
applied: (i) unavailability of the full text, (ii) studies of low 
methodological quality (i.e., case reports, letters, or com-
mentaries), and (iii) studies published in languages other 
than English. As soon as all irrelevant publications were 
excluded, a check for duplicates was performed, and the final 
list of papers to be included in the present review was pre-
pared. Finally, all full texts were accessed and analyzed to 
exclude papers not meeting the inclusion criteria.

An initial version of the review was drafted after extract-
ing data from the selected papers and followed a structure 
of the review. This initial draft was discussed between all 
co-authors, which helped obtain ideas and suggestions to 
reflect the review scope better. After the initial draft was 
amended based on the suggestions made, the final version 
of the review was prepared, repeatedly sent to all co-authors 
for re-evaluation and approval. After all, co-authors ranted 
the permission for publication, and the corresponding author 
was assigned.

Bariatric surgery techniques and risk 
of deficiencies

Bariatric surgery aims to manage weight gain by primarily 
reducing the calorie intake of an individual. Bariatric surger-
ies are classified into restrictive and malabsorptive catego-
ries based on the mechanism used to reduce calorie intake. 
In the restrictive type to which SG belongs, the stomach size 
is reduced to reduce food intake and early satiety. However, 
in the malabsorptive type, the amount of calories absorbed 
by the body is reduced by bypassing the food route [16, 
17]. This leads to reduced contact between the food and the 
digestive juices secreted by the pancreas. In another strategy, 
the main absorptive regions of the small intestine (the duo-
denum and the proximal jejunum) are bypassed to prevent 
the absorption of calories. However, the ultimate reduction 
in energy intake and absorption of nutrients also depends 
on the overall manipulations with the gastrointestinal tract.

In malabsorptive procedures, the main cause of vitamin, 
mineral, and trace element deficiencies is bypassing the 
main sites where the absorption of micronutrients occurs. 
Besides, created bypass excludes the “intestinal phase” of 
pancreatic secretion, induced by food entering the duo-
denum. Instead, the bypass results in the permanent ileal 
brake stimulation since undigested food particles enter the 
ileum stimulating the secretion of glucagon-like peptides 1 
and 2 and peptide YY, which suppress pancreatic secretion 
and further exacerbate malabsorption [18]. As for restric-
tive procedures, the resected gastric fundus decreases the 
absorption of certain micronutrients, including iron, zinc, 
selenium, and vitamin B12. Moreover, the resulting caloric 
restriction contributes to folic acid, vitamin B1, vitamin B6, 
and copper deficiencies [19]. RYGB is one of the most com-
monly performed bariatric surgeries and, together with SG, 
constitutes approximately 95% of the total bariatric surgeries 
performed [20]. RYGB drastically reduces the gastric capac-
ity by 90–95%, leading to a massive decline in calorie intake 
[16, 17]. Such a drastic reduction in consumed calories may 
be associated with adverse side effects and gastrointestinal 
symptoms. The prevalence of anemia in RYGB is twofold 
within 12 months of the surgery, and such patients showed 
a reduction in hemoglobin/hematocrit with time. Osteopenia 
and secondary hyperparathyroidism were also attributed to 
RYGB because of reduced calcium absorption, and this may 
even result in an increased rate of fractures, especially two 
years after the surgery. This happens due to the bypass of the 
duodenum, which has the highest concentration of calcium 
transporters [21].

Similarly, malabsorptive procedures like biliopancreatic 
diversion (BPD) and biliopancreatic diversion with duodenal 
switch (BPD/DS) also induce vitamin, mineral, and trace 
element deficiencies [22]. A recent study by Homan et al. 
[22] demonstrated that patients with BPD and BPD/DS fre-
quently suffered from anemia, and deficiency of fat-soluble 
vitamins was common in post-surgery even after vitamin 
supplementation. However, it is important to remember that 
lack of supplementation is associated with worse outcomes, 
and thus, it was proposed to enable life-long monitoring at 
a specialized bariatric center and possibly a better micro-
nutrient supplementation [23]. The other study reported on 
nutrient deficiency post SG, which has been shown to reduce 
protein absorption by 25%, while fat absorption is reduced 
by 72%. This leads to a reduction in the absorption of vari-
ous fat-soluble vitamins and zinc [24].

Besides, increased gallstones formation secondary to a 
rapid weight loss after surgery and enhanced lithogenicity 
of bile was reported. Hyperoxaluria is also a side effect of 
bariatric surgery, and it may lead to oxalate nephropathy 
and even renal failure [25]. Another dangerous side effect 
is rhabdomyolysis, associated with acute kidney injury but 
occurs quite seldom [26].
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Based on the above-cited studies, it is evident that various 
bariatric surgical procedures affect nutrients absorption dif-
ferently. Furthermore, the high frequency of micronutrients 
and vitamin deficiencies in obese patients before bariatric 
surgery, which could aggravate the surgical procedure and 
lead to postoperative complications, should be considered 
carefully.

Deficiencies before bariatric surgery

Obesity is generally a consequence of excessive consump-
tion of energy-dense foods leading to a positive energy bal-
ance. Thus, it is intriguing that individuals suffering from 
obesity and overweight also show signs of nutritional defi-
ciency (Fig. 1).

Several scientific studies have shown that obese and 
overweight individuals suffer from micronutrient defi-
ciency, with the deficiency more pronounced in individu-
als with extreme obesity (BMI > 40 kg/m2) [27]. The co-
existence of obesity and diabetes leads to altered vitamin 
D status associated with low serum calcium concentra-
tions and induced secondary hyperparathyroidism [28]. 
Decreased vitamin D levels are also observed in obese 

patients with associated cardiovascular disease [29]. Iron 
deficiency is also common in obese subjects because 
chronic low-grade inflammation, a characteristic feature of 
obesity, stimulates the synthesis of hepcidin, which blocks 
the iron absorption in the body [30, 31]. This inflammation 
further reduces iron absorption secondary to the inhibition 
of duodenal ferroportin expression with a simultaneous 
increase in hepcidin levels [32].

It is important to highlight that intake of energy-dense 
foods and a higher number of calories does not necessarily 
bring adequate quantities of vitamins, minerals, and trace 
elements needed for the body. In other words, individuals 
with obesity and overweight often consume less fruits, veg-
etables, and nutritionally poor-quality and more processed 
foods [27]. For example, a study has shown that increased 
consumption of fat-rich foods leads to a deficiency of several 
vitamins such as folate, vitamin A, and vitamin C [33, 34]. 
In another observation, increased fat in the body decreases 
fat-soluble vitamins such as vitamin D in the serum [35]. 
Similarly, increased intake of sugar-rich beverages generally 
reduces milk consumption, leading to deficiency of milk-
derived nutrition such as calcium and vitamin D [36]. In the 
European population, obese individuals have lower vitamin 
D concentrations regardless of the season when measured 

Fig. 1  Micronutrient deficiencies in obesity and after bariatric surgery, risks and management
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[37], and similar findings have been obtained for the Asian 
population [38].

Thus, obese individuals exploring the possibility of bari-
atric surgery are often diagnosed with a deficiency of micro-
nutrients and vitamins. Ernst et al. [39] measured the serum 
levels of important micronutrients including zinc, calcium, 
magnesium, the vitamins D3, B1, B3, and B6, copper, sele-
nium, and parathyroid hormone in 232 individuals before 
bariatric surgery. The results showed that individuals suffer 
from very high degrees of micronutrient deficiency, with 
25.4% subjects faced vitamin D3 deficiency, 32.6% showed 
selenium deficiency, 24.6% displayed zinc deficiency, and 
18.1% were found with vitamin B12 deficiency. In a study 
by Schweiger et al [40], 114 patients were recruited, and the 
plasma levels of various vitamins, minerals, and trace ele-
ments were examined. It was observed that 35% of subjects 
were iron deficient while 24% had too little folic acid and/
or ferritin, 3.6% had vitamin B12 deficiency, 2% had too 
little phosphorus, and 0.9% had calcium deficiency. Nine-
teen percent of the subjects showed hemoglobin deficiency, 
defined as a level below 12 gm/dL for women and a level 
below 14 gm/dL for men. These cut-offs corresponded with 
the definition of anemia given by the World Health Organi-
zation. At the same time, higher levels of parathyroid hor-
mone were reported in 39% of patients [41]. De Luis et al. 
[18] supported similar findings in which women undergo-
ing bariatric surgery showed lower blood levels for several 
essential vitamins, minerals, trace elements, and proteins 
such as folic acid (25.2%), zinc (73.9%), vitamin D (67.8%), 
and prealbumin (21.7%). Thus, based on the studies cited, 
it is quite common for obese subjects to face micronutrient 
deficiency, and the same has to be taken into consideration 
while and after performing the surgery [42, 43].

Meanwhile, it is very important to prevent or timely treat 
nutrient deficiencies as failure to do this may lead to undesir-
able consequences. For example, altered DNA methylation 
patterns were identified in such tissues of diabetic patients 
as pancreatic islets, adipose tissue, and skeletal muscle. 
Potentially, epigenetic changes may alter gene expression 
and contribute to hyperglycemia and impaired metabolism. 
Since a methyl donor supply-consumption imbalance could 
induce these changes, nutrient deficiencies, like folate defi-
ciency, may influence DNA methylation levels and affect 
gene expression and cell functions [44]. Except for folate, all 
the B vitamins are involved in at least one step of the energy-
production system within the cell, and thus, a shortfall in any 
of the B vitamins limits energy production with potential 
metabolic and health consequences [45].

Another example could be made of vitamin D deficiency, 
contributing to the development of initial insulin resistance 
and β-cell death secondary to excessive  Ca2+ and reactive 
oxygen species signaling with subsequent onset of diabe-
tes. Vitamin D also maintains the epigenome as it increases 

the expression of DNA demethylases, which protect against 
hypermethylation of multiple gene promoter regions of many 
diabetes-related genes [46]. Besides, vitamin C is needed to 
produce two dioxygenase enzymes, which take part in the 
carnitine biosynthesis. In turn, carnitine serves as an essen-
tial cofactor in the transport of long-chain fatty acids into 
the mitochondria, and so, impaired carnitine metabolism that 
may be due to vitamin C deficiency can lead to weakness 
and physical fatigue [47].

Deficiencies after bariatric surgery

Deficiencies of vitamins

As reported earlier, obese individuals face the deficiency 
of several vitamins, minerals, and trace elements essential 
for body metabolism and normal physiological processes. 
However, it has been observed that several patients who had 
undergone bariatric surgery also suffer from micronutrient 
deficiency post-surgery (Fig. 1) [48]. The deficiencies of 
these micronutrients are associated with several clinical 
manifestations and disorders (Table 1).

For instance, the American Society of Hematology 
reported anemia in 33–49% of the cases within 2 years after 
bariatric surgery [7]. One of the most common causes of 
anemia post-bariatric surgery is the deficiency of vitamin 
B12, which develops due to poor its absorption, as the major 
sites of its absorption are bypassed during bariatric surgery 
[49]. However, other causes, such as lower secretion of 
intrinsic factor (IF), a glycoprotein crucial for vitamin B12 
absorption, also reduces the absorption secondary to BPD 
and RYGB [7, 50]. Generally, the body shows the symp-
toms of vitamin B12 deficiency after a certain period since 
body reserves of vitamin B12 are considerable, and clinical 
symptoms appear when the reserves deplete to 5–10% of 
the initial deposits [7, 50]. The duration of this period var-
ies, depending on the amount of dietary B12 intake and the 
extent of effective absorption. It has to be noted that intoler-
ance of and, thus, limited consumption of animal proteins 
may also occur, contributing to exacerbation of vitamin B12 
deficiency [51].

Folic acid deficiency is also one aspect in individuals 
after bariatric surgery and affects 9 to 39% of individuals 
exposed to restrictive and malabsorptive procedures, respec-
tively [52]. Still, folate deficiency could also be attributed to 
an inadequate intake of this essential dietary nutrient. Folic 
acid is absorbed throughout the small intestine, and its defi-
ciency can be easily corrected by oral supplementation [7]. 
Moreover, the deficiency of folate has a direct correlation 
with vitamin B12 deficiency because the latter is essentially 
required for the inactive folate form (methyltetrahydrofolic 
acid) to be activated (tetrahydrofolic acid) [53].
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Bariatric surgery also leads to vitamin D deficiency, with 
10% of individuals suffering from this post-surgery issue, 
although the incidences can also reach as high as 73% [54]. 
Vitamin D deficiency is primarily due to reduced calcium 
absorption because the main absorption sites, the duodenum, 
and the proximal jejunum, are bypassed during the surgical 
intervention. Vitamin D deficiency leads to increased bone 
loss post-surgery, and the situation may also aggravate if the 
intake of milk products is low [55]. It might appear logical 
that malabsorptive procedures result in a higher reduction 
of Vitamin D levels, but according to a meta-analysis by 
Chakhtoura et al. [54] the effect of the surgical procedure, 
restrictive versus malabsorptive, is inconsistent.

Interestingly, as already mentioned, lower vitamin D lev-
els are observed in 48.7% of the subjects before bariatric sur-
gery [56]. The lower absorption of dietary fat post-bariatric 
surgery is one reason for decreased vitamin D absorption 
since it is a fat-soluble vitamin and requires bile salts. Bari-
atric surgery removes/bypasses critical sites of vitamin D 
absorption in the small intestine leading to its deficiency, 
which is more prominent in malabsorptive procedures like 
RYGB [56]. Bariatric surgery may also lead to the deficiency 
of other fat-soluble vitamins such as vitamins A, E, and K 
[57]. For instance, vitamin A deficiency was reported in 69% 
of the subjects.

Lower levels of vitamin K are developed in patients after 
bariatric surgery and lead to health complications associ-
ated with blood clotting, given the critical role of vitamin 
K in the blood clotting process [27, 58]. According to the 
recent systematic review by Sherf-Dagan et al., patients who 
undergo major malabsorptive surgeries are at a higher risk 
of developing vitamin K deficiency. Still, it is unknown if 
supplementation is required and what oral dose of vitamin 
K normalizes serum levels. Thus, the protocol for the man-
agement of vitamin K deficiency in post-bariatric patients is 
still uncertain [59]. However, a recent study by Homan et al. 
observed that individuals who have undergone biliopancre-
atic diversion (BPD) and BPD with duodenal switch (BPD/
DS) generally did not decrease the coagulation factor and 
did not show sign of bleeding. According to the authors, the 
synthesis of vitamin K2 in the large intestine compensated 
for the loss of vitamin K1 activity due to BPD or BPD/DS. 
This synthesis helped maintain liver stores of vitamin K2 
needed for the coagulation process [60].

Apart from the deficiency of fat-soluble vitamins, bari-
atric surgery also increases the risk of developing vita-
min B1 (thiamine) and vitamin C deficiency. According 
to an estimate, thiamine deficiency can develop in 49% of 
the subjects after sleeve gastrectomy [61]. The primary 
cause of poor absorption of thiamine is jejunum bypassing, 
continuous vomiting, and inadequate nutrition. Moreover, 
certain complications due to the surgery, such as abnor-
mal bowel movements and stenosis, can also contribute 

to thiamine deficiency. Finally, individuals skipping the 
doses of multivitamin supplements [12] also develop thia-
mine deficiency. Thiamine deficiency leads to the devel-
opment of Wernicke Encephalopathy (WE) after bariatric 
surgery [62]. A recent study by Oudman et al. recruited 
118 WE patients and observed that bariatric procedures 
led to an early onset of the disease (median age 33 years) 
compared to other medical procedures where the mean 
age was 39.5 years. Moreover, bariatric WE patients often 
displayed other symptoms such as vomiting, abnormal eye 
movements, and mental issues. The study suggested that 
individuals must be tested for thiamine deficiency post-
surgery, and appropriate supplementations must be pro-
vided to prevent the WE [63].

Vitamin C deficiency is also observed in bariatric sub-
jects. It has been observed that vitamin C deficiency is 
mainly due to poor diet selection post-surgery and may lead 
to scurvy. However, scurvy can be managed by proper vita-
min-C supplementation [64].

The above-cited studies show that the deficiency of sev-
eral essential vitamins may occur post-bariatric surgery, and 
the use of multivitamin supplements [12] may be an effec-
tive strategy to combat the health complications resulting 
from this deficiency. Hair loss, peripheral neuropathies, ane-
mia, and poor wound healing are common postoperative ail-
ments most pronounced during the weight reduction phase. 
As underlying micronutrient deficiencies provoke these ail-
ments, prescription of vitamins, minerals, and trace elements 
was reported to cause a speedy recovery [65].

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 [66], calcium [67], and selenium [68] 
(Fig. 1). This section describes some of the trace elements 
and mineral deficiencies associated with bariatric surgery.

Iron

Iron deficiency is one of the most common trace element 
deficiencies and affects around 33% of patients undergoing 
bariatric procedures. Iron absorption sites are mainly located 
in the duodenum and proximal jejunum, and bypassing them 
severely reduces iron absorption [16, 69]. Moreover, dietary 
changes such as lower intake of meat and iron-fortified dairy 
products post-surgery may aggravate the iron deficiency. 
Of these, oral iron supplementation appears to be the most 
effective tool [70]. Prospective studies based on iron sup-
plementation strategies are urgently needed.
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Calcium

Bariatric surgery also causes calcium deficiency, a criti-
cal component of several cell signaling processes and an 
essential element for bone and teeth health. It has been 
reported that the prevalence of hypocalcemia after RYGB 
and BPD ranges from 1 to 25%, depending on the surgical 
technique adopted [71, 72]. In a more 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, respec-
tively [55]. It is important to highlight that vitamin D defi-
ciency 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 [16, 
73–75]. A strategy based on adequate calcium and vitamin 
D supplementation should be carefully monitored, particu-
larly in patients at high risk for developing symptomatic 
hypocalcemia in case of pre-existing renal insufficiency and 
vitamin D deficiency [55, 75].

Copper

Copper acts as a cofactor for several enzymes associated 
with various pathways in the cell. For instance, copper is 
a cofactor for superoxide dismutase (antioxidant pathway), 
cytochrome C oxidase (involved in energy generation), and 
amine oxidases (involved in the synthesis of neurotransmit-
ters). Thus, deficiency of copper can have severe clinical 
consequences. Moreover, copper is also needed for iron 
mobilization in the system. Hence, copper deficiency can 
also cause symptoms of iron deficiency, such as anemia. It 
has been observed that malabsorptive bariatric surgery can 
cause copper deficiency because it bypasses the duodenum. 
The concentration of blood copper is reduced post BPD and 
RYGB and may cause severe deficiency in certain individu-
als [7]. Studies have shown that copper deficiency affects 
10–15% of individuals after RYGB surgery [76]. The other 
cause of copper deficiency is inadequate intake of copper 
from the diet [16].

Zinc

Zinc is another important essential divalent cation for which 
individuals develop deficiency post-bariatric surgery [77]. 
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. Zinc supplementation early after 
bariatric surgery is necessary to reach significant clinical 

and echocardiographic improvement [78]. However, studies 
have also shown that in some cases, zinc levels can decrease 
after surgery [16, 79].

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% [79–81]. Selenium deficiency is 
strictly associated with cardiomyopathy, myopathy, arrhyth-
mias, muscle wasting, and hypothyroidism complications. 
Screening for selenium levels should be recommended 
before and after surgery in particular in case of unexplained 
anemia, fatigue, metabolic bone disease, chronic diarrhea, or 
cardiomyopathy, followed by specific supplementation [82]. 
However, studies with large cohort and longer follow-up, 
also in dependence of the different type of surgical proce-
dure, are still lacking.

Consequences of micronutrients deficiencies

The deficiency of trace elements and minerals can have 
severe consequences for human health because several trace 
elements are essentially required to activate several enzy-
matic reactions and biochemical pathways in cells [16, 83]. 
The deficiency of these trace elements manifests in symp-
toms associated with cardiac, neurological, and gastrointes-
tinal systems (Table 1). Thiamine (vitamin B1) deficiency 
can lead to Wernicke encephalopathy, constipation, nausea, 
fatigue, and anorexia. Inadequate absorption of fat due to 
bariatric surgery reduces the absorption of vitamin D. Vita-
min D deficiency can severely compromise bone health and 
manifests in lower bone density. Calcium deficiency also 
reduces bone density and impairs several cellular signaling 
pathways because calcium acts as a secondary messenger in 
the cell. Vitamin D and calcium deficiency can have similar 
clinical manifestations, and one deficiency can exacerbate 
another deficiency. Still, bariatric surgery is not the only 
cause behind the observed deficiency, and reduction in cer-
tain food items such as meat, milk, and other dairy products 
can also lead to deficiencies of vitamin D and calcium.

Zinc deficiency post-bariatric surgery can cause poor 
wound healing and promotes hair loss [16]. As for copper 
deficiency, it can cause weak bones, issues with normal 
learning, fatigue, vision loss, and hair graying. Selenium 
deficiency is also observed in post-bariatric patients, 
and it can cause goiter, thyroid issues, and fatigue [84]. 
Vitamin C deficiency ranges from 10 to 50% following 
bariatric surgery [7] and may also cause fatigue, delayed 
wound healing, depression, and even scurvy [27, 85]. Iron 
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deficiency and the related iron deficiency anemia is also 
frequently observed and is associated with low baseline 
ferritin level [86].

It is pertinent to mention that clinical manifestations of 
vitamin, mineral, and trace element deficiencies are not spe-
cific, and ultimate clinical symptoms may be due to deficien-
cies of many vitamins, minerals, and trace elements. Some 
of the consequences of micronutrient deficiencies are briefly 
discussed here.

Anemia

Anemia is one of the most common consequences of micro-
nutrient deficiency post-bariatric surgery [86, 87]. It devel-
ops due to a change in food habits, which prohibits the use 
of meat, leading to reduced iron intake. Gastric hypochlo-
rhydria is another reason for lower iron absorption after 
bariatric surgery. Moreover, bypassing the duodenum also 
prevents the reduction of iron to the ferrous state, the main 
absorbable form of iron. Thus, it is recommended that rou-
tine laboratory check-ups to determine iron deficiency must 
be performed in patients after RYGB, which includes testing 
complete blood count and measurement of ferritin and total 
iron-binding capacity [88]. These check-ups are needed to 
prescribe timely treatment for iron deficiency anemia, which 
reaches 45–50% after RYGB [7]. With anemia progression, 
the patients often become symptomatic and complain about 
fatigue, pallor, and dyspnea on exertion. Moreover, anemia 
was reported to increase the risk of hospitalizations by two-
fold along with the duration of in-hospital stay [89].

Impaired absorption of vitamin B12 and folate is a conse-
quence of both restrictive and malabsorptive bariatric proce-
dures. For instance, vitamin B12 deficiency can reduce body 
coordination, cause numbness in different parts of the body, 
various neurological complications, and memory impair-
ment. Along with folate, vitamin B12 deficiency can also 
lead to the development of macrocytic anemia and leucope-
nia. In pregnant women, growth retardation and congenital 
disabilities in the newborn may be possible [90].

Wernicke encephalopathy

Wernicke encephalopathy (WE) is observed in alcoholics, 
undernourished individuals, and cancer patients. However, 
lower absorption of thiamine (vitamin B1) post-bariatric 
surgery also causes WE in patients. Some of the common 
symptoms of WE are nystagmus, confusion, and issues with 
body coordination. According to a survey, 49% of patients 
develop the symptom of WE after bariatric surgery. How-
ever, some individuals develop it even after sleeve gastrec-
tomy [61].

Ataxia

Ataxia is a medical condition with impaired voluntary body 
coordination and displays abnormal body and eye move-
ment. Ataxia is a consequence of neurological complications 
arising out after bariatric surgery. It is observed in 4.6–16% 
of subjects after bariatric surgery. Some associated medi-
cal complications are peripheral neuropathy, burning feet 
syndrome, lumbosacral plexopathy, and Wernicke-Korsakoff 
encephalopathy [91].

Hair loss

Hair loss is a common health issue due to the inadequate 
availability of several micronutrients such as zinc and iron. 
However, sudden and excessive weight loss after bariatric 
surgery contributes to hair loss [92]. A recent large cohort 
study involving 555 subjects reported that the most frequent 
nutritional deficiency linked to hair loss is essentially con-
nected to deficiency in blood iron and related proteins than 
zinc and B vitamins, both in the short term and long term 
follow-up [93].

Taken together, patients after bariatric surgery can 
develop several health complications due to weight loss, 
vitamin deficiency, and dietary changes. Thus, a diet rich 
in proper nutrients and multivitamin supplements may 
help ameliorate the health consequences of micronutrient 
deficiency.

Deficiencies and pregnancy after bariatric 
surgery

Pregnancy post-bariatric surgery requires special attention 
and care. The impact of bariatric surgery on pregnancy 
becomes more important because most of these patients are 
women of reproductive age [94]. It has been observed that 
women after bariatric surgery show reduced incidences of 
pregnancy-associated complications such as hypertension, 
gestational diabetes, and they are mostly successful [95]. A 
retrospective study considering 287 women between 18 and 
45 years of age who underwent RYGB evidenced this surgi-
cal practice’s safety without any adverse outcomes [96]. One 
of the major concerns for pregnant women post-bariatric 
surgery is the deficiency of essential nutrients and trace ele-
ments that can prevent normal growth and development of 
the fetus [97]. For example, anemia is commonly observed 
in 10.2% of subjects and generally a direct indication of iron 
deficiency. Studies have shown that weight loss has a posi-
tive impact on fertility due to its direct role in improving 
hormonal balance in the body. Women should plan the preg-
nancy 12–24 months after the bariatric surgery when their 
maximum weight loss is achieved [95, 98]. The American 
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College of Obstetricians and Gynecologists (ACOG) has 
prescribed special guidelines for women conceiving after 
bariatric surgery to improve pregnancy outcomes. As per 
the guidelines, the following points must be considered [99].

Contraception and preconception counseling

Women of reproductive age should be provided with coun-
seling for contraception and preconception after surgery. It 
has been observed that oral contraceptives are less effective 
in women after bariatric surgery due to poor absorption. 
Thus, a higher conception rate has been observed in women 
of reproductive age post-bariatric surgery than normal 
women of reproductive age.

Monitoring of nutritional status

As discussed, it is very common to develop a nutritional 
deficiency after bariatric surgery. Some of the common 
deficiencies are iron, folate, vitamin B12, vitamin D, and 
calcium. As per the guidelines, a dedicated team of doc-
tors and specialists must monitor the nutritional status of 
pregnant women conceived after bariatric surgery. The use 
of multivitamins and other nutritional supplements must be 
considered if needed [100].

Antenatal period

Pregnancy-related complications such as nausea, abdominal 
pain, and vomiting must be taken seriously because these 
complications may be due to bariatric surgery. A complete 
evaluation of symptoms by a bariatric surgeon is highly rec-
ommended [95].

Labor and delivery

Bariatric surgery does not affect labor and delivery, but a 
higher cesarean delivery rate has been observed in women 
after bariatric surgery [101]. However, if the pregnant 
woman had a complicated bariatric surgery, a pre-labor 
consultation with a bariatric surgeon is highly advisable as 
per the ACOG guidelines [102].

Conclusion

Obesity is a disorder of excessive energy surplus, and its 
unprecedented rise in recent decades is one of the major causes 
behind other lifestyle-related disorders such as diabetes, non-
alcoholic fatty liver disease, and cardiovascular disorders. Bar-
iatric surgery is a surgical intervention to manage weight gain; 
it involves bypassing the stomach and the jejunum portions to 
reduce the calorie intake. It has been well-established that the 

most common types of bariatric surgery, like SG and RYGB, 
are associated with deficiencies of several essential vitamins, 
minerals, and trace elements, and those are being more pro-
found for RYGB. This deficiency is mainly attributed to lower 
absorption of the vitamin, minerals, and trace elements since 
the proximal duodenum is an important absorption site. The 
lack of essential micronutrients severely compromises the nor-
mal functioning of the body systems because trace elements, 
minerals, and vitamins are involved in various biological pro-
cesses and cell signaling. For instance, iron deficiency can 
hinder normal oxygen transport, and vitamin C deficiency can 
lead to scurvy. Paradoxically, obesity and overweight are also 
associated with a deficiency of several vitamins, minerals, and 
trace elements. Thus, individuals undergoing bariatric surgery 
should be checked before and after the surgery to detect and 
correct nutrient inadequacies or deficiencies effectively. Then 
again, periodic screening for micronutrient deficiencies after 
bariatric surgery is necessarily required. However, further pro-
spective studies are needed to determine which categories of 
patients might benefit most and the primary cause of malnutri-
tion, such as surgery or a pre-existing health problem, as this 
will have economic consequences and an influence for related 
public health recommendations.

In conclusion, bariatric patients need routine follow-ups 
after surgery and individual treatment with specific dietary 
supplements to manage their deficiency of vitamins, minerals, 
and trace elements. International practice guidelines gener-
ally agree that multivitamin and calcium supplementation with 
added vitamin D is required for all post-bariatric patients and 
is best administered orally, while intravenous administration 
should only be applied in situations when oral supplementation 
is insufficient. Furthermore, healthy nutrition with a targeted 
diet is recommended for preventing the deficiency of specific 
micronutrients.
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