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Abstract: Bariatric surgery is increasingly used in women of childbearing age due to the rising
prevalence of obesity and the effectiveness and availability of this treatment. Pregnancy in women
with previous bariatric surgery deserves special attention. Weight loss induced by surgery reduces
the risks that obesity poses to pregnancy. But on the other hand, decreased intake and malabsorption
may increase the risk of malnutrition and micronutrient deficiency and negatively affect maternal
and foetal health. The aim of this narrative review is to provide an updated analysis of the impact
of different bariatric surgery techniques on mineral and micronutrient nutritional status during
pregnancy and the possible effect on maternal-foetal health.
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1. Introduction

Obesity is the most common metabolic disease in our environment and is associated
with numerous medical and psychosocial complications and a clear deterioration in the
quality of life. People with obesity have an increased risk of overall mortality and of
developing other pathologies, such as type 2 diabetes, arterial hypertension, dyslipidaemia,
respiratory diseases, and neoplasms, among others [1,2].

Obesity directly affects reproductive function in both males and females through
complex and not fully understood mechanisms. In women, obesity increases the risk
of infertility and is a poor prognostic factor when assisted reproduction techniques are
used [3,4]. Both pregestational maternal obesity and excessive weight gain are associated
with an increased risk of maternal-foetal complications, both short- and long-term [5-7]
(Table 1). The risk of developing these complications is high, more than double that of
normal-weight women [8]. It is estimated that 24.9% of the risk of any complication can be
attributed to maternal overweight, and this attributable risk reaches 31.6% in the case of a
large-for-gestational-age newborn (LBW) [8]. In morbidly or extremely obese women, the
risk of complications during pregnancy and delivery is even higher [9,10].

J. Clin. Med. 2023, 12, 5429. https://doi.org/10.3390/jcm12165429

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm12165429
https://doi.org/10.3390/jcm12165429
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-0263-3728
https://orcid.org/0000-0002-5729-9926
https://doi.org/10.3390/jcm12165429
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12165429?type=check_update&version=2

J. Clin. Med. 2023, 12, 5429

2 of 25

Table 1. Clinical consequences of maternal obesity and excess weight gain in pregnancy.

Clinical Consequences of Maternal Obesity and Excess Weight Gain in Pregnancy

Maternal

Pre-conception

Higher risk of type 2 diabetes, high blood pressure, and infertility.

Previous metabolic diseases, gestational diabetes, hypertension, deep vein thrombosis, pulmonary

P . .

reghancy thromboembolism, depression.

Delivery Higher risk of complications, instrumental delivery, caesarean, higher anaesthetic risk.
Postpartum Infection, depression, failure in breastfeeding, weight retention, obesity

Newborn and infant

Macrosomia, large-for-gestational-age newborn, prematurity, shoulder dystocia, birth defects,
neonatal hypoglycaemia.

Long term

Higher risk of obesity, metabolic complications.
Higher vascular risk for both the mother and offspring.

Bariatric surgery results in significant and sustained weight loss in people with severe
obesity and can decrease the risk of mortality and induce the remission or improvement of
most comorbidities. The increase in the prevalence of obesity and the efficacy of bariatric
surgery are leading to the increasing use of this treatment, especially in women of child-
bearing age.

Pregnancy in women with previous BS deserves special consideration. Weight loss
induced by surgery reduces the risks that obesity implies for pregnancy. However, due
to its effect on nutrient intake and absorption, it can also have adverse consequences on
maternal and foetal health. Among them, vitamin and mineral deficiencies are especially
frequent and require a protocolised evaluation and treatment.

The aim of this narrative review is to provide an updated analysis of the impact
of different bariatric surgery techniques on mineral and micronutrient nutritional status
during pregnancy and the possible effect on maternal-foetal health.

2. Bariatric Surgery and Pregnancy

Bariatric surgery (BS) includes a set of surgical techniques used in patients with
severe forms of obesity, with an aim to achieve weight loss, maintained over time, in
order to improve associated diseases and the quality of life. Various bariatric surgery
techniques have been described [11]. Based on their main mechanism of action, they
are usually classified into three main groups: restrictive: vertical banded gastroplasty,
adjustable gastric banding, and gastrectomy; mixed: gastric bypass; and malabsorptive:
biliopancreatic diversion and its variants. The most frequently used BS procedures are
Roux-Y gastric bypass (RYGB) and sleeve gastrectomy (SG); biliopancreatic diversion (BPD)
and gastric banding (GB), widely used a decade ago, have been displaced by the first
two [12] (Figure 1).

The mechanisms by which BS induces weight loss and improvements in metabolic
diseases are complex and not fully understood [13,14]. Decreased intake and malabsorption,
when present, are ultimately responsible for weight loss and improvements in obesity-
related complications, but surgery is also able to induce changes in digestive hormones,
such as ghrelin or GLP-1, among others, which are involved in the regulation of energy
expenditure, insulin sensitivity and secretion, modification of the microbiota [15], or the
physiology of bile acids [16,17]. Several studies have shown that, in patients with severe
obesity, bariatric surgery decreases the risk of mortality and can achieve the remission or
improvement of most comorbidities [18,19]. However, these procedures are not without
risks. Among these, vitamin and mineral deficiencies are particularly common and require
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protocolised assessment, preventive supplementation, and treatment [20,21]. Figure 2
shows the preferred sites of the absorption of minerals and micronutrients.

Bariatric surgery techiques

y

Gastric Banding Sleeve gastrectomy One-anastomosis

gastric bypass

. SADI-S: Single anastomosis
C.la.smal . Duodenal Switch duodeno-ileal bypass with
Biliopancreatic sleeve gastrectomy.
diversion

Figure 1. Main bariatric surgical techniques.
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Figure 2. Main sites of absorption of minerals and micronutrients.

The risk of mineral and micronutrient deficiencies after bariatric surgery depends on
the patient’s dietary intake and on the anatomical and functional changes induced by the
surgery itself. Malabsorption is frequent in techniques that exclude the duodenum and
first jejunal loops and/or with a long biliopancreatic limb. It should be noted that in some
techniques that are usually not considered “malabsorptive”, such as Roux-Y gastric bypass,
the length of the limbs can vary considerably, and the biliopancreatic limb can be 150-200 cm
or more. In these cases, although the malabsorption of proteins and other macronutrients
is not frequent, the risk of a deficiency of micronutrients absorbed in the duodenum and
first jejunal loops, such as iron, calcium, or copper, is greatly increased. Steatorrhea further
decreases the absorption of calcium and liposoluble vitamins. Bariatric surgery induces
changes in several gastrointestinal hormones, such as GLP-1, which has been linked to
decreased food intake, improved glucose metabolism, and other lesser-known effects, such
as the modulation of the sense of taste [22]. No specific role in micronutrient absorption
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after BS has been described so far. Table 2 summarises the main mechanisms leading to

micronutrient deficiencies following different bariatric surgery techniques.

Table 2. Main micronutrient deficiencies after bariatric surgery.

Surgical Technique

Physiopathological Factors

Most Affected Micronutrients

Gastric banding

Decrease intake
Food intolerance (meat, milk)

All micronutrients, especially those with low body
stores (thiamine)
Iron, zinc, calcium, vit D

Sleeve gastrectomy

Decrease intake
Food intolerance (meat, milk)
Gastrectomy

All micronutrients, especially those with low body
stores (thiamine)

Iron, zing, calcium, vit D

Vitamin B12, iron, calcium

Roux-Y gastric bypass

Decrease intake

Food intolerance (meat, milk)
Gastrectomy
Duodenal/jejunal exclusion

All micronutrients, especially those with low body
stores (thiamine)

Iron, zinc, calcium, vit D

Vitamin B12, iron, calcium

Iron, calcium, zinc, copper, liposoluble vitamins

Biliopancreatic diversion
duodenal switch

Decrease intake
Food intolerance (meat, milk)
Gastrectomy

All micronutrients, especially those with low body
stores (thiamine)

Iron, zinc, calcium, vit D

Vitamin B12, iron, calcium

SADI-S Duodenal/jejunal exclusion . . . .
Iron, calcium, zinc, copper, liposoluble vitamins
Steatorrhea . . SR
Calcium, liposoluble vitamins
Scientific societies have provided recommendations for clinical and nutritional follow-
up after bariatric surgery and proposals for preventive micronutrient supplementation,
according to the type of surgical technique [23,24] (Table 3).
Table 3. Proposal of micronutrient recommendations in pregnancy after bariatric surgery.
Micronutrient SG/RYGB BPD and Other Malabsorptive Procedures
Folate 400-8008 ng/d
800-1000 pg/d in women of childbearing age
. 350-1000 pg/d (oral or sublingual)
Vitamin B12 1000 pg/month IM-SC)
Thiamine 12mg/d
Increase to 100-300 mg if low intake, nausea/vomiting
Vitamin D 3000 UI/d (Vit D > 30 ng/mL) A higher dose is usually needed
Vitamin A 800-3000 ng/d 3000 pg/d (10.000 UTI)
Vitamin E 15mg/d 90 mg/d
Vitamin K 50-120 pg/d 300 pg/d
Iron SG: male or non-menstruating: 18 mg/d
Menstruating female or RYGB/BPD: 45-60 mg/d
Calcium 1200-1500 mg/d 1800-2400 mg/d
Magnesium 350 mg/d 350 mg/d
. SG: 8-11 mg/d
Zinc RYGB: 8-22 mg/d 16-22 mg/d
SG:1mg/d
Copper RYGB 2 mg/d 2mg/d

The increasing number of BS procedures being performed today, especially in women
of childbearing age, makes post-surgery gestation a topic of great interest. Several sys-
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tematic reviews and meta-analyses that evaluate the effect of BS on maternal and foetal
outcomes have been published. Bariatric surgery can decrease the risk of obesity-related
complications in pregnancy [25-27]. However, it may also have adverse consequences on
maternal—foetal health [28-34]. Galazis et al. published a meta-analysis that includes 17
studies and provides results depending on the characteristics of the control group [25].
Thus, it is observed that the benefits of BS in reducing the risk of complications are more
evident when maternal-foetal outcomes are compared with those of women with severe
obesity. When the control group includes women with obesity, but the BMI is adjusted to
pre-pregnancy, a decreased risk of LGA, but an increased risk of preterm delivery and a
small-for-gestational-age (SGA) newborn, is observed. In this case, no increase or a decrease
in the risk of GD, preeclampsia, the need for caesarean section, or neonatal complications is
observed. The meta-analysis performed by Kwong et al. provides data on the effect of BS
on maternal—foetal complications when compared with a group with similar BMI before BS
and before gestation. The results of this meta-analysis indicate that, when compared with
women with equal pregestational BMI, prior BS decreases the risk of high birth weight and
increases the risk of low birth weight (<2500 g), SGA, the need for caesarean section, and
prematurity. No changes in the risk of GD or preeclampsia or neonatal complications were
observed [27]. There was a significant increase in the risk of perinatal mortality, congenital
anomalies, preterm birth, and neonatal ICU admission, with a birth weight more than 200 g
lower than those born to mothers without prior BS [35].

There is little information on the most appropriate interval between bariatric surgery
and pregnancy and on the risk of complications of early gestation [36-38]. Clinical guidelines
recommend delaying pregnancy for 12-18 months after BS, until weight loss has stabilised
and dietary intake is adequate, to prevent nutritional deficiencies [31,32,39,40]. Although
studies that have evaluated early pregnancies have not consistently observed an increase in
complications [36,37,41], a closer clinical follow-up is recommended in these cases.

3. Micronutrients, Pregnancy, and Bariatric Surgery

Maternal nutritional factors are of great importance for foetal development. Energy
and nutrient requirements increase during gestation to allow for adequate embryonic and
foetal development and the necessary changes in the mother for pregnancy and lactation. A
balanced diet, which provides enough energy, usually contains enough essential micronu-
trients. However, during pregnancy, requirements are often not met by food-based diets,
and in these situations, specific supplementation is necessary to prevent deficiencies [42].
Micronutrients are essential for foetal development (Table 4). There is no unanimous
agreement on preventive supplementation during pregnancy, which will depend on the
characteristics of the pregnant woman and the risk of deficiency in her environment [43-47].

Previous bariatric surgery, especially if there is significant malabsorption, can increase
the risk of malnutrition and micronutrient deficiencies during pregnancy, with adverse
consequences for the mother and newborn [29-34]. There are several factors that may
favour the risk of micronutrient deficiency in pregnancy after bariatric surgery, including
decreased intake, gastrectomy, and malabsorption, as has been described before. There are
few data on dietary intake in pregnant women with previous barbaric surgery. Available
information suggests that it may be insufficient in essential nutrients [44]. In general,
malabsorptive techniques are associated with a higher risk of complications in pregnancy
after BS, especially maternal anaemia and low-birth-weight babies [45]. Anyway, it should
be noted that patients who undergo malabsorptive BS have a higher pre-surgical BMI
and that pregnancy in women with a BMI over 50 kg/m? presents a very high risk of
complications [46]. There are other risk factors for micronutrient deficiency that should not
be overlooked. Veganism increases the risk of vitamin B12, iron, and zinc deficiencies. Drug-
nutrient interaction therapy should be considered; for example, proton-pump inhibitors
can decrease vitamin B12, iron, and magnesium absorption. Smoking and consumption of
alcoholic beverages, well-recognised causes of pregnancy complications and alterations
in foetal development, can also induce micronutrient deficiencies [47]. The evaluation of
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the nutritional status of vitamins and minerals should consider the reference serum values
during pregnancy [48].

Table 4. Clinical consequences of micronutrient deficiency during pregnancy.

Micronutrient Clinical Consequences of Deficiency for Maternal-Foetal Health

Folate Neural tube defects, miscarriage, abruptio placentae, prematurity

Vitamin B12 Abortion, prematurity, growth retardation, neural tube defects, cognitive

impairment
Thiamine Risk of thiamine deficiency in hyperemesis gravidarum
Vitamin D Gestational diabetes, preeclampsia, low birth weight, long-term complications
Vitamin A Foetal malformations, pulmonary dysplasia, anaemia
Vitamin E Preeclampsia, neural tube defects, cognitive impairment, haemolytic disease of
the newborn
Vitamin K Periventricular and intraventricular haemorrhage
Iron Increased maternal and foetal morbidity and mortality, miscarriage, decreased
weight and foetal development
Zinc Delayed foetal growth and maturation, prematurity
Copper Abortion, prematurity, low weight
Selenium Preeclampsia
Todine Alteration in the development of central nervous system, mental retardation

This section describes the main micronutrient deficiencies in pregnancy after bariatric
surgery. For each micronutrient, its physiology, its relationship with pregnancy, the effect of
bariatric surgery, and data on its deficiency in pregnancy after bariatric surgery are described.

3.1. Folate

Folic acid and folate are precursors of the coenzyme tetrahydrofolate, which is involved
in the transfer of one-carbon groups in the metabolism of amino acids and nucleic acids.
It also participates as a donor in the methylation of homocysteine to methionine. Folate
deficiency alters DNA synthesis and cell division and induces megaloblastic anaemia,
leukopenia, thrombopenia, and other alterations [49]. Folate stores are not high: the
body’s folate content ranges from 5 to 10 mg [49]. The main dietary sources of folate are
vegetables, fruits, cereals, eggs, and fortified foods. Absorption occurs preferentially in
the proximal third of the small intestine, being lower in patients with atrophic gastritis or
intestinal resection. Folate requirements range from 300 to 400 pg/day, according to various
guidelines and recommendations [50]. It is recommended that women of childbearing age
receive a dose of 400 mg, in addition to that provided by food [50].

Folic acid is a relevant micronutrient during pregnancy and is essential for neural tube
development [51]. Folate requirements increase in pregnancy by 50% because of increased
maternal plasma volume, uterine and placental size, and foetal development. Maternal
folate intake is related to newborn weight [52]. Most organisations recommend a total
folate intake of 600 ng/day [50]. Folate deficiency during pregnancy is associated with
neural tube defects (NTDs), with clinical manifestations of varying degrees of severity. In
the brain, it can cause anencephaly and encephalocele, situations incompatible with life. In
the spinal cord, it causes spina bifida syndrome, an isolated cleft of the spine, meningo-
cele, and myelo-meningocele. In 90% of cases, they appear as isolated malformations.
Folate deficiency has also been linked to recurrent miscarriage, placental abruption, and
prematurity [53], probably related to a toxic effect of homocysteine on the embryo and
alterations in placental vascularisation [54]. Pregnant women with obesity are at increased
risk of NTDs. Obesity may lead to decreased plasma folate levels and increased erythrocyte
uptake [55]. Folate requirements during pregnancy are generally not met by the diet. Folate
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supplementation, alone or in combination with vitamins and minerals, reduces the risk
of NTDs [56]. However, it has no clear effect on other malformations or on other clinical
variables of pregnancy [57]. Most guidelines recommend preventive supplementation
with 400 mcg/day, starting 4 weeks before conception and lasting until at least week 12
of gestation. In women at high risk of neural tube defects, including women with obesity,
a higher dose of 1-4 mg/day is recommended [58]. It should be kept in mind that doses
higher than 1 mg/day may mask symptoms of vitamin B12 deficiency.

The prevalence of folate deficiency after bariatric surgery is highly variable in different
series. Although folate absorption occurs primarily in the proximal intestine, there is an
intestinal adaptation that allows it to be absorbed throughout the intestine after a bowel
resection. For this reason, the prevalence of folate deficiency after BS is lower than for other
water-soluble vitamins and is generally easily prevented with a multivitamin [59]. Anyway,
deficiency has been reported in up to 44-65% of patients after restrictive techniques [60,61]
and 8-47% after mixed techniques [59,62]. However, other authors have not observed
deficiencies after RYGB or BPD [63]. A systematic review of the literature did not reveal an
increase in folate deficiency after BS [64].

Data on the prevalence of folate deficiency throughout gestation after BS are very
scarce. Very few cases of NTDs have been reported [65,66]. This is striking, considering
the increasing number of such pregnancies and the fact that obesity itself increases the
risk of NTDs. Regarding the prevalence of folate deficiency, the reference serum levels for
pregnancy should be noted. In a prospective study of 49 patients with malabsorptive BS,
4% had levels below 2.52 ng/mL in the first trimester [67]. In another retrospective study
analysing 39 pregnancies (including 9 miscarriages), decreased levels were observed in
16% of pregnancies in the first trimester [68]. In a retrospective multicentre study in Spain,
folate deficiency was observed in 5.4% of pregnancies [69].

3.2. Vitamin B12

Vitamin B12 is present in animal tissues. Its absorption is very complex: it first needs
to be freed from dietary proteins via the action of gastric acid and pepsin and then binds to
haptocorrins, glycoproteins present in salivary and gastric secretions. The absorption of
vitamin B12 occurs specifically in the distal ileum. Vitamin B12 is excreted via the bile and
undergoes enterohepatic circulation [70]. Vitamin B12 deficiency results in megaloblastic
anaemia, and, in severe cases, leukopenia and thrombopenia may occur. In addition,
vitamin B12 deficiency has neurological effects, with paraesthesias and the involvement
of the posterior cords of the spinal cord, which can sometimes occur in the absence of
anaemia [70].

Vitamin B12 deficiency during pregnancy is associated with an increased risk of
prematurity, miscarriage, intrauterine growth retardation and low birth weight, neural tube
defects, and impaired cognitive development [71,72].

The complexity of vitamin B12 absorption makes vitamin B12 deficiency very common
in any clinical situation involving the gastrointestinal tract, including bariatric surgery [73].
In mixed and malabsorptive techniques, deficiency is very common; it affects more than
75% of cases and increases as time passes after BS, when the body’s stores of this vitamin
are depleted, so prophylactic supplementation is recommended [73,74]. In general, it is rec-
ommended that vitamin B12 be administered intramuscularly (1000 pg/30-90 days) [75,76].
Oral or sublingual administration at high doses (more than 350 mg/day) also normalises
plasma levels [75].

Clinical vitamin B12 deficiency during pregnancy after BS is rare but can cause serious
problems in the newborn or infant, even in the absence of maternal symptoms [77-79].
Vitamin B12 requirements during pregnancy or lactation after BS are not established. Guide-
lines recommend a similar pattern to that in the non-pregnant population [76]. A recent
study evaluated the levels of several micronutrients in the cord blood of 56 NBs of mothers
with a history of BS compared to a group of NBs of healthy mothers. In the case of vitamin
B12, decreased levels were observed in 14% vs. 2% (p < 0.05) [80]. Another study evaluated
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plasma vitamin B12 levels in 150 pregnancies after different BS techniques. Vitamin B12
levels did not decrease throughout gestation. An asymptomatic decrease in plasma levels
(<130 pg/mL) was observed in 11.7% in the BPD group, 15.6 after RYGB, and 11% after SG;
in eight patients, it was below 100 pg/mL [81]. Preventive vitamin B12 supplementation
recommendations should be followed after BS and maintained throughout pregnancy. The
dose included in ordinary or usual pregnancy multivitamins is not sufficient.

3.3. Thiamine

Thiamine is a water-soluble vitamin involved in carbohydrate metabolism, such as
glycolysis, as a cofactor of the enzyme pyruvate dehydrogenase, and the pentose path-
way. It is present in many foods and is absorbed primarily in the proximal small intestine.
Body stores are very low, which increases the risk of clinical deficiency if intake is inade-
quate [82]. Thiamine deficiency is promoted by decreased intake, vomiting, intravenous
glucose administration, refeeding, or ethanol intake and results in a clinical picture with
ophthalmoplegia, nystagmus, confusion, and peripheral neuropathy. Laboratory data
(plasma thiamine levels or transketolase activity) confirm the deficiency. Magnetic reso-
nance imaging is of particular interest, as it characteristically identifies a hyperintense T2
signal in the periaqueductal white matter [83]. Treatment should be initiated immediately,
even if it is based solely on clinical suspicion, by administering high doses of thiamine
(300-500 mg/day parenterally), followed by 50-100 mg/day orally for months [84].

Thiamine requirements increase during pregnancy and lactation [85]. Hyperemesis
gravidarum is a recognised cause of thiamine deficiency and is probably underdiagnosed [86].
The recommended daily intake during normal pregnancy and lactation is 1.4 mg/day [87].

Thiamine deficiency is a complication of bariatric surgery, which can have serious con-
sequences and lead to irreversible neurological damage [88,89]. It has been described with
all surgical techniques: most have been identified in patients with nausea and vomiting,
poor oral tolerance, or poor compliance with supplementation. Diagnosis should be made
early, as the delay can lead to irreversible neurological damage and, in the case of preg-
nancy, can have serious consequences for the mother and foetus [90]. It is recommended
that all patients receive >12 mg/day of thiamine after BS [23]; supplementation should
be maintained throughout life [91]. This dose should be increased in case of any risk of
deficiency, such as anorexia, low intake, vomiting, or refeeding (50-300 mg/day).

There are few data in the literature on thiamine deficiency during pregnancy in women
with previous BS. So far, one case of clinical deficiency has been described in a post-RYGB
pregnancy with hyperemesis gravidarum [92]. Asymptomatic low thiamine serum levels
in the third trimester have been observed in 17% of patients, being more frequent in
malabsorptive techniques [67]. In another study evaluating serum levels in 57 pregnancies,
decreased serum levels were observed in 45.5, 15.4, and 20% in the three trimesters of
gestation, respectively [93]. In both studies, normal ranges for the non-pregnant population
were used.

3.4. Calcium and Vitamin D

Calcium is an essential nutrient in human physiology that is involved in several
metabolic pathways. Vitamin D-dependent calcium absorption takes place mainly in
the duodenum and first jejunal loops; calcium requirements depend on the nutritional
status of this vitamin. Vitamin D has multiple functions in the body: it promotes the
absorption of calcium, phosphorus, and magnesium in the intestine, which allows for
adequate bone mineralisation, stimulates innate and adaptive immunity, inhibits cell
proliferation, and stimulates cell differentiation. The Endocrine Society proposes a serum
level >30 ng/mL [94].

Vitamin D deficiency (VDD) is common in the general population and in pregnancy
and can have adverse consequences on maternal and foetal health [95]. Vitamin D is
involved in placental function, and its deficiency has been linked to insulin resistance
and GD and to preeclampsia [96]. It is also involved in the development of the foetal
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nervous system, immune function, and lung maturation. VDD has been associated with
an increased risk of low birth weight in some studies, but others have not observed this
association. A meta-analysis including 12 studies with 19,027 patients found that vitamin
D below 20 ng/mL is associated with an increased risk of SGA (birth weight percentile
< 10), with an OR of 1.41, 95% CI 1.14, 1.75, 1.75 [97]. Women with deficient VitD levels
had a higher preeclampsia rate compared to women with replete VitD levels (OR 1.50,
95% CI 1.05-2.14) [98]. Vitamin D below 16 ng/dL has been associated with a higher
risk of C-section, and a level below 14 ng/dL has been associated with a higher risk of
prematurity [99].

Bariatric surgery can induce calcium deficiency due to low dietary intake and mal-
absorption. Vitamin D deficiency is very common in morbidly obese patients. Bariatric
surgery, especially when malabsorptive techniques are used, favours vitamin D deficiency,
which is observed in more than 70% of cases. Long-term follow-up studies have also shown
that VDD prevalence is high and is generally associated with increased PTH levels, which
may have consequences for bone health. A systematic review of the literature confirms that
hyperparathyroidism persists in the long term, despite calcium and vitamin D supplemen-
tation [100]. Several prevention and treatment guidelines have been described, which in
general include regular monitoring, calcium supplementation, especially in techniques that
exclude the duodenum, and vitamin D supplementation at the necessary dose, depending
on the surgical technique [101]. The ASMBS recommends supplementing all patients with
calcium (BPD 1800-2400 mg/day; RYGB, SG, and GB 1200-1500 mg/day) and vitamin D
to maintain plasma levels above 30 ng/mL, generally 3000 IU/day [23,75].

Vitamin D deficiency is prevalent in pregnancy after bariatric surgery, although data
in the literature are limited. In a study conducted in Brazil in 46 pregnancies after RYGB,
70% had levels below 20 ng/mL in all three trimesters. Hypocalcaemia was reported
in 15% of cases in the first and second trimesters and in 20% in the third trimester and
an increased PTH in 32.6% of pregnancies in the third trimester [102]. These data were
confirmed in another retrospective study evaluating 42 pregnant women with a history of
RYGB, also conducted in Brazil, which observed an inadequacy of vitamin D levels of up
to 90 [103]. Bariatric multivitamins can prevent vitamin D deficiency during pregnancy
in women with previous RYGB [104] As bariatric surgery increases the risk of vitamin D
deficiency, pregnancy in women with BS may pose a risk to bone health if not adequately
supplemented.

3.5. Vitamin A

Vitamin A, present in foods as retinol or retinyl esters or as provitamins in the form of
carotenoids, plays an important role in cell growth and differentiation, vision, immunity,
and reproduction. The main dietary sources are liver, dairy, and fish oils, as well as coloured
vegetables in the case of provitamin A carotenoids. Vitamin A deficiency (VAD) is very
prevalent in developing countries and is a public health problem [105]. A diagnosis is
considered when plasma levels are below 20 ug/dL [106]. Retinol is bound to prealbumin
and retinol-binding protein (RBP), and serum levels may not always indicate vitamin A
nutritional status [107].

Vitamin A is an essential nutrient in embryonic and foetal development for lung and
sense organ maturation [108]. VAD during pregnancy is associated with an increased
risk of low birth weight, prematurity, lung disease (bronchopulmonary dysplasia), an
increased risk of infection in the newborn, and mortality in the neonatal period. In addition,
vitamin A deficiency decreases iron mobilisation and increases the risk of anaemia [109].
It is estimated that there are approximately 19 million pregnant women with vitamin A
deficiency [110]. The WHO recommends universal vitamin A supplementation during
pregnancy in regions with a high prevalence of deficiency and night blindness [111].
During gestation, an intake of 700 ug/day is recommended [112]. High intakes of vitamin
A (>3000 ug/day or >10,000 IU/day) during pregnancy are associated with an increased
risk of malformations and should be avoided [112].
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Bariatric surgery is nowadays one of the leading causes of clinical vitamin A defi-
ciency in developed countries. The prevalence of decreased vitamin A serum levels in
malabsorptive techniques can reach 60% [113]. In gastric bypass, a prevalence of 11%
has been reported, and it is associated with visual symptoms such as xerophthalmia or
night vision impairment [114]. In a prospective study in GBP patients, decreased levels
were observed in 37.5%, 50.8%, and 52.9% preoperatively, at 30 days, and at 180 days,
respectively [115]. Clinical vitamin A deficiency, manifested by visual and skin changes, is
less common. Several clinical cases have been reported, especially after BPD [116-120]; the
prevalence of clinical deficiency can reach 2.8-10% in some series. The ASMBS recommends
supplementation with 5000-10,000 IU/day in malabsorptive BS [6,23,75].

Vitamin A deficiency may have adverse effects on pregnancy after bariatric surgery [121].
Some cases of malformations, such as microphthalmia, and other foetal complications
secondary to maternal VAD have been reported. The first case of clinical vitamin A
deficiency during gestation, 13 years after BPD, was published in 2002 [122]. Subsequently,
other cases were published [123-125], most of them in patients with malabsorptive bariatric
surgery and poor clinical follow-up. Regarding the adequacy of serum levels to reference
values, Studies have shown discordant results regarding the adequacy of vitamin A serum
levels. In a study conducted in Brazil in 30 pregnant women after RYGB, the prevalence
of VAD (<30 pug/dL) reached 90%; 86.7% developed night blindness. No association
was observed with maternal anaemia, which affected 73.3% of women. No data on pre-
pregnancy VAD are provided in this study [126]. The prevalence of decreased serum levels
in other countries has ranged from 20 to 60. No relationship has been observed between
the different techniques or with maternal and foetal complications [93]. In a case—control
study in France, a higher percentage of vitamin A levels in cord blood below the 2.5th
percentile was observed in pregnancies after RYGB. It should be noted that in this study,
the percentage of low birth weight for gestational age was high (23% vs. 3% in the control

group) [80].

3.6. Vitamin E

Vitamin E is a fat-soluble vitamin with an antioxidant function and is mainly found in
animal fats and oils. Its deficiency, which is very rare, leads to ataxia and other neurological
symptoms, as well as to increased red blood cell fragility and haemolytic anaemia [127,128].

Vitamin E is necessary for proper foetal and early childhood development [128]; a
dietary intake of 12 mg per day during pregnancy is recommended [129]. Supplemen-
tation with vitamin E and other micronutrients contributes to the prevention of neural
tube defects, and a relationship between plasma levels and cognitive function has been
observed [130,131]. Vitamin E has also been linked to problems in pregnancy involving
oxidative damage, such as preeclampsia. Anyway, there is no evidence to recommend uni-
versal vitamin E supplementation to reduce the risk of maternal-foetal complications [132].

Vitamin E deficiency after BS is rare and occurs mainly in malabsorptive diseases,
and it takes several years to develop clinical manifestations [133]. Probably for this reason,
publications on clinical vitamin E deficiency after bariatric surgery are limited [134]. The
ASMBS recommends preventive supplementation in all patients after BS at a dose of
15 mg/day [21,23]. A higher dose is usually needed in BPD. Plasma tocopherol levels are
dependent on circulating lipids, and an adjustment for total lipids or plasma cholesterol
is recommended [128]. In a study published in Spain, 8.7% and 21.4% of patients with
RYGB and BPD, respectively, were found to have vitamin E/cholesterol levels lower than
5mg/d [135].

Data on the nutritional status of vitamin E in pregnancy after BS are very limited. So
far, only one study has been published examining this issue. In a prospective multicentre
study of 49 patients, 2% were found to have serum levels below 500 ng/dL in the first
trimester. No cases were observed in the second and third trimester [67]. A decrease
(below the 2.5th percentile) of vitamin E in cord blood has been observed in cord blood in
pregnancy after RYGB compared to a control group (16% vs. 3%) [80].
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3.7. Vitamin K

Vitamin K is involved in the synthesis of clotting factors and is mainly present in
animal fats and oils [136]. It also plays an important role in bone health [137]. Vitamin
K deficiency during pregnancy has been related to a higher risk of periventricular and
intraventricular haemorrhage, especially in mothers on treatment with anti-epileptic drugs
or with malabsorptive conditions [138].

Decreased vitamin K levels have been reported after BS, especially after malabsorp-
tive techniques, and are usually asymptomatic [139]. Data on the nutritional status of
vitamin K throughout gestation in women with previous BS are scarce. Some cases of
neonatal intracranial haemorrhage have been reported, probably secondary to vitamin K
deficiency [140], even after restrictive techniques [141]. A prospective study of 49 post-BS
gestational patients and 27 controls found that plasma vitamin K levels were decreased
in the first trimester (<0.8 nmol/L) in both groups and were significantly lower in the BS
group. Prothrombin time was normal in both groups, although significantly longer in the
BS group. Coagulation factors were normal [142].

3.8. Iron

Iron is involved in the structure and function of haemoglobin, myoglobin, and enzymes
of the respiratory chain. It is absorbed in the duodenum and early jejunal tract and
requires an acidic gastric pH [143]. It is found in food in two different forms: as part
of the heme group (meat and meat products) and in the non-heme form (legumes, nuts,
vegetables), with the former being much more bioavailable. Iron deficiency is very common
and causes anaemia, alterations in the mucous membranes, and asthenia, among other
symptoms [144]. Obesity itself alters the iron nutritional status, as it constitutes a state of
low-grade inflammation, which increases the synthesis of acute-phase reactants, including
hepcidin, which decreases iron absorption and also decreases the mobilisation of iron from
endogenous stores [145]. Iron intake recommendations depend on its bioavailability in
food; EFSA recommends 16 mg/day for women of childbearing age [50].

Iron-deficiency anaemia is one of the most common complications of pregnancy and
is a public health problem in many countries. Iron requirements increase during pregnancy
because of the increase in total red blood cell volume, up to 20-25% by the end of pregnancy.
It is estimated that up to 1200 mg of additional iron is used during pregnancy [146].
Although intestinal absorption also increases, iron intake from food does not appear to be
sufficient to maintain adequate iron nutritional status throughout pregnancy, especially
if there is a pre-pregnancy iron deficiency state [146]. Anaemia in pregnancy increases
maternal morbidity and mortality, hinders foetal growth and maturation, and is associated
with an increased risk of low birth weight and alterations in neurocognitive development. In
the long term, it promotes obesity and metabolic problems in offspring, including increased
vascular risk [146]. The diagnosis of anaemia is established if plasma haemoglobin is less
than 11 g/dL in the first and third trimesters and 10.5 g/dL in the second trimester [147].
Iron deficiency during pregnancy is mainly diagnosed based on the determination of
plasma ferritin: in general, a cut-off point of 30 ug/L is established [148]. The WHO
recommends supplementation with 30-60 mg of elemental iron in all pregnancies [149].

Iron-deficiency anaemia is one of the most frequent nutritional complications of
bariatric surgery due to reduced intake and malabsorption, mainly secondary to the modi-
fication of gastric pH or the exclusion of the duodenum and proximal jejunum, in addition
to possible digestive or menstrual losses [150,151]. The prevalence of iron deficiency and
iron-deficiency anaemia ranges from 20 to 70% after RYGB and from 10 to 50% after SG
and can require parenteral administration in 2-10% [152]. Preventive supplementation
is recommended in techniques that exclude the duodenum at a dose of 40-60 mg/day,
especially in high-risk cases (after surgery, women of childbearing age, pregnancy, etc.) [75].
The iron content of conventional multivitamins is not sufficient.

Several studies have found that a history of bariatric surgery increases the risk of
iron-deficiency anaemia during pregnancy and that this complication is more common with
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a longer time after surgery [54,88,153,154]. The prevalence of anaemia ranges from 17 to
70%, with 10-16% requiring intravenous iron and 3-17% requiring transfusion [54]. There
is no agreement on the most appropriate pattern of iron supplementation in pregnancy
after BS. The recommended dosage ranges from 40 to 600 mg/day, according to different
authors [76,154-156], but this recommendation is not based on studies specifically designed
to evaluate this issue. It should be noted that intravenous iron administration is not
indicated during the first trimester of pregnancy [151]. Iron-deficiency anaemia prevention
during pregnancy in women with previous BS needs a close follow-up, which should start
before conception. The multivitamins designed for pregnancy do not include enough iron
for pregnancy after BS.

3.9. Magnesium

Magnesium is an intracellular cation that is part of the bone structure, contributing
to proper mineralisation, and is involved as a cofactor of numerous enzymes in muscle
contraction, gland secretion, and nerve transmission [157]. Approximately 45% is absorbed
in the small intestine via a paracellular diffusion mechanism; a smaller fraction is absorbed
in the ileum via transporters (TRPM6 and TRPM?7). Magnesium absorption is stimulated
by vitamin D and PTH. The plasma Mg concentration is primarily regulated by renal
elimination, where approximately 70% of filtered magnesium is reabsorbed [158]. The
main sources of magnesium are cereals, nuts, and dairy products. The most characteristic
symptoms of magnesium deficiency are anorexia, muscle cramps, rhabdomyolysis, hyper-
reflexia, convulsions, confusional syndrome, and paralytic ileus. It is not easy to assess the
nutritional status of Mg, as it is mainly an intracellular element, and plasma levels may
remain within normal limits even when deficiency is present [159]. For this reason, some
authors propose raising the reference value for plasma Mg to levels above 2 mg/dL [159].

Magnesium is an important element for pregnancy [160]. Magnesium sulphate is used
in the treatment of patients with preeclampsia [161]; it can induce placental vasodilatation,
decreases umbilical artery tone, attenuates the effect of endothelin I and angiotensin II
on placental vascularisation, and decreases IL-f3 secretion in placental tissue [162,163].
Plasma Mg levels decrease progressively throughout gestation; this decrease is greater in
women with preterm labour [164]. However, no decrease in plasma magnesium has been
observed in patients with preeclampsia [164]. The effect of magnesium supplementation
on the course and complications of pregnancy is controversial, and the effect probably
depends on patient characteristics and maternal magnesium nutritional status [165,166].
There is no evidence to recommend magnesium supplementation to prevent the risk of
preeclampsia or other pregnancy complications in healthy women [94,166]. Magnesium
intake recommendations do not increase in pregnancy.

Bariatric surgery increases the risk of magnesium deficiency because of decreased
intake and malabsorption. However, and probably due to the difficulty in diagnosis,
information on magnesium nutritional status after BS is very scarce [76]. There are few
data on magnesium deficiency in pregnancy after BS, and, in general, no decrease in serum
levels has been observed [93,167].

Considering the difficulty in assessing the nutritional status of magnesium, its impor-
tance in gestation, the deficit in magnesium intake in our environment and the possible
effect of BS, this is an issue that should be given greater attention in the future. Most
multivitamins include a magnesium dosage lower than the recommendations.

3.10. Zinc

Zinc is an element involved in the function of more than 200 enzymes, including
carbonic anhydrase, DNA polymerase and RNA polymerase. It is directly involved in
replication and transcription and plays important roles in growth, foetal nervous system
development, and immune response. Zinc is present in foods of animal origin and in
cereals and legumes. The recommended intake of zinc is 8-12 mg/day for males and
females, respectively [168]. Zinc deficiency is very common in developing countries and
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has very important clinical consequences: retarded growth and sexual maturation, asthenia,
dermatitis, hypogonadism, altered sense of taste, and other general manifestations [169].
Zinc deficiency is generally related to decreased intake or availability. It has also been
described in numerous clinical conditions associated with malabsorption, such as short
bowel syndrome, inflammatory bowel disease, and coeliac disease [170].

Zinc is directly involved in foetal growth and development, especially in the nervous
system, and in the immune response [171]. There is active transport in the placenta, so levels
in the cord blood are higher than in the mother’s blood [172]. In animals, zinc deficiency
leads to an increased risk of miscarriage, placental abnormalities, congenital malformations,
and intrauterine growth retardation [171,173]. In humans, decreased plasma zinc levels
have been associated with decreased birth weight and preeclampsia in some studies, but not
in others [174,175]. In a recently published meta-analysis, a significant pooled correlation
was found between umbilical cord blood zinc concentrations and birth weight (r: 0.09, 95%
CI: 0.04 to 0.15) [176].

Zinc deficiency is common in BS patients, even before surgery [21], especially in
mixed or malabsorptive techniques [88]. Most cases are asymptomatic, although low
intake and Zn deficiency have been linked to alopecia after BS [177]. The ASMBS, recom-
mends assessing nutritional status prior to BS, keeping in mind that plasma levels may
fall in relation to obesity itself. In addition, preventive supplementation is recommended
in all patients, with a dose that depends on the surgical technique used: malabsorp-
tive techniques: 16-22 mg/day; gastric bypass: 8-22 mg/day; and restrictive techniques:
8-11 mg/day [21,23].

Data on the nutritional status of zinc and its clinical consequences for pregnancy
after bariatric surgery are limited. In a study of 30 patients with a history of RYGB,
20% showed decreased plasma levels in the first and third trimesters, with no relation to
maternal anthropometry or newborn weight [178]. Another study, conducted in 56 patients,
describes plasma zinc levels of 13.1 + 2.6, 11.5 + 1.7, and 10.7 &= 1.4 umol.

L in the three trimesters, respectively. They found no cases of deficiency, no differences
between the different techniques, and no effects on maternal and foetal outcomes [93]. In
a prospective study in 87 women [179], zinc deficiency (<0.51 mg/L) was found in 8.0%,
all after RYGB (18.9% vs. 0% in SG; p = 0.02), and preterm birth occurred in 100% of these
cases. The usual multivitamins do not provide sufficient zinc for pregnancy after bariatric
surgery, especially in the case of malabsorptive techniques. It is also necessary to consider
that the pharmacological use of some nutrients, such as iron, decreases the bioavailability
of zinc from food and that a high dose of zinc decreases the absorption of copper.

3.11. Copper

Copper is an essential element that acts as a ligand for numerous proteins and en-
zymes (superoxide dismutase, ferroxidase, amino oxidase, cytochrome-C oxidase, etc.). It
is involved in antioxidant protection, in the transport of iron and other metals, and in the
metabolism of amino acids. It is absorbed in the stomach and duodenum, and gastric acid
contributes to the release of Cu from food. Copper requirements according to the RDA are
900 pg/day in adults. In pregnant and breastfeeding women, the requirements increase,
and more than 1000 ng/day is necessary [168]. Copper is an essential element in brain devel-
opment [180] and has been linked to neurodegenerative diseases [181]. Copper deficiency
leads to a clinical picture with haematological (anaemia, leukopenia, or pancytopenia) and
neurological (myelopathy and peripheral neuropathy) manifestations [182].

Copper deficiency can have negative effects on embryonic and foetal development [183].
Copper is involved in the normal functioning of numerous enzymes, so its deficiency alters
ATP production, lipid peroxidation, hormone activation, and angiogenesis and causes
pulmonary and skeletal alterations. Genetic alterations in copper metabolism lead to
alterations in embryonic and foetal development that may increase mortality. Menken’s
disease is transmitted in an X-linked recessive manner and usually results in the death of the
child before the age of 5 years after presenting with clinical signs of neuronal and connective
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tissue degeneration. Studies have shown that, in normal gestations, copper levels increase
progressively throughout pregnancy [184] due to an increase in ceruloplasmin secondary
to gestational hyperestrogenism and a decrease in biliary copper excretion [185]. Maternal
copper deficiency increases the risk of prematurity and low-birth-weight infants, and
a decrease in cord blood copper has been observed in low-birth-weight infants [183].
Copper deficiency during pregnancy has also been associated with an increased risk of the
premature rupture of membranes and preterm birth [186].

Copper deficiency is rare in the Western population but has been increasing in re-
cent years as a consequence of drug treatment and especially in relation to bariatric
surgery [182,187]. Its prevalence is estimated at 9.6% after RYGB [188]. Copper deficiency
is a recognised cause of neurological impairment after BS, especially with techniques that
exclude the duodenum, the main site of absorption [189]. Several studies have observed
a decrease in plasma copper levels after bariatric bypass surgery [190]. Clinical copper
deficiency is less common but can be severe; several cases have been reported, mainly after
malabsorptive techniques, with neurological impairment and/or anaemia [191,192]. It is
recommended that all patients receive copper supplementation, at a dose depending on
the surgical technique used [21,23]: in patients with SG or GB, 1 mg/day, and in patients
with RYGB or BPD, 2 mg/day, in the form of copper sulphate or gluconate. Zinc treatment
may decrease copper absorption [193]. Cu supplementation of 1-2 mg for every 8-15 mg of
zinc is recommended [21].

There are no data on plasma copper levels in pregnancy after BS or the possible impact
on the course and complications of pregnancy. No cases of clinical copper deficiency during
pregnancy after BS have been reported. Decreased plasma copper levels in pregnant women
with a history of bariatric surgery could have adverse consequences on foetal development
or increase the risk of complications. Although there are no specific recommendations on
Cu supplementation in pregnancy after BS, these women should receive at least similar
supplementation to that recommended in BS in general [75,76]. This dose is safe in preg-
nancy and does not reach the maximum tolerable intake (10 mg/day) [182]. It should be
noted that most multivitamins designed for pregnancy do not provide copper.

3.12. Selenium

Selenium plays an important role in maintaining redox balance through selenoproteins
such as glutathione peroxidase (GSH) [194]. Plasma values above 70 pg/L optimise GSH
function [195]. It is absorbed in the upper sections of the small intestine, mainly in the
duodenum. Se intake and nutritional status are highly dependent on the geographical
area. The EFSA recommends an intake of selenium in the adult population of 70 pug/day
for men and women, and a similar amount is recommended during pregnancy. During
breastfeeding, on the other hand, considering the Se content in breast milk, an intake of 85
ug/day is recommended, similar to that for non-pregnant women [196].

A decrease in selenium levels and GSH peroxidase activity has been observed in
pregnancy [107] and has been linked to some complications, such as preeclampsia [197,198].
In a recently published systematic review that included 26 studies with 1855 preeclampsia
cases compared with 3728 healthy pregnant controls, the level of selenium was significantly
lower in cases of preeclampsia compared with the controls (SMD = —0.85; 95% confidence
interval: —1.46, —0.25; p < 0.01). A decrease in serum Se has been observed throughout
gestation [199], with no association with the risk of SGA [200].

There are few data on the nutritional status of selenium in relation to bariatric surgery.
Several cases of cardiomyopathy secondary to selenium deficiency after bariatric surgery
have been reported [201,202], which have improved after specific supplementation. In
patients who are candidates for BS, decreased selenium serum levels have been observed
compared to a control group [203]. A decrease has also been described after BS [204], which
can be prevented by micronutrient supplementation [205]. Although Se deficiency may
be more frequent in techniques that exclude the duodenum, decreased levels have also
been reported after sleeve gastrectomy [206]. In a systematic review and meta-analysis
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that included nine studies with a total of 1174 patients, selenium deficiency prevalence
was 16% and 2% at 1- and 2-year follow-ups after BS, respectively [207]. Symptoms
included weakness, myopathy and cardiomyopathy, loss of muscle mass, erythematous
desquamating eruption, lethargy, dyspnoea, and bilateral lower extremity pitting oedema.

The prevalence of selenium deficiency in pregnancy after BS was evaluated in a
retrospective study including 57 singleton pregnancies [93]. Selenium serum levels were
low in 77.8%, 22.2%, and 50.0% in the first, second, and third trimesters, respectively. In
a prospective study in 87 women [179], selenium deficiency (<60 pg/L) was found in
17.2%: 21.6% after RYGB and 14.0% after SG (p = 0.36). A selenium deficit in the second
trimester in women with a history of BS was negatively correlated with birthweight and
with birthweight z-score [179].

3.13. Iodine

Iodine is an essential element whose main function is its participation in the synthesis
of thyroid hormones. It is a critical nutrient in cellular metabolism and in the development
of the nervous system in the prenatal and postnatal periods [208]. The main sources of
iodine are dairy products, fish, eggs, and, above all, fortified foods such as iodised salt.
Iodine deficiency is a major public health problem and one of the preventable causes of
stunted growth and impaired neurological development [208].

Iodine requirements increase during pregnancy and lactation, and an intake of 200-
250 ug/day is recommended. All women of childbearing age should ensure an adequate
iodine intake at least one year before pregnancy. The intake of iodine in food and iodised
salt is generally sufficient to meet these requirements. However, considering the risk of
iodine deficiency for foetal development, iodine supplementation should be recommended
in cases where there is a risk of insufficient intake [209].

Very few studies have been published on the impact of barbaric surgery on iodine
absorption or metabolism. So far, three studies have been published. Urinary iodine
excretion had not changed 6 months after malabsorptive BS, nor had autoimmunity or
thyroid gland volume [210]. Another study compared the nutritional status of iodine
in three groups of women: morbidly obese, patients after bariatric surgery with at least
18 months of follow-up after bariatric surgery, and a normal-weight control group. Obese
women had a significantly lower urinary iodine concentration (UIC, pug/g creatinine) in
comparison with non-obese women (96.6 [25.8-267.3] vs. 173.3 [47.0-493.6] ug/g; p < 0.001),
with a lower proportion of subjects with an adequate iodine status (46.6 vs. 83.3%, p < 0.001).
Mean UIC was higher in women with previous BS in comparison with women with obesity
(131.9 [62.9-496.4] vs. 96.6 [25.8-267.3] pug/g; p < 0.001). No difference in UIC was found
between RYGB and SG. UIC was negatively correlated with BMI (r = —0.278, p < 0.001).
Multiple linear regression analyses showed that BMI was independently associated with
UIC (beta = —0.312, p < 0.001; R (2) = 0.166). In this study, women consuming iodised
salt were excluded [211]. The SOS study investigators evaluated 188 patients after RYGB
and 188 after SG, at least 10 years after BS, compared with a control group, and did not
observe a higher prevalence of iodine deficiency [212]. BS has not been shown to impair
iodine absorption or metabolism or to induce iodine deficiency, so specific supplementation
recommended after bariatric surgery does not need to include iodine in iodine-sufficient
countries, and ensuring that the dietary intake of iodine in food and iodised salt is sufficient.

No studies have been published evaluating the iodine nutritional status during preg-
nancy in women with previous BS. In agreement with previously described studies, in
these women, the same recommendation of iodine intake can be made as in the general
pregnant population, 200-250 pg/day.

There is no agreement on the most appropriate preventive micronutrient supplemen-
tation during gestation in women with previous bariatric surgery, and, due to the paucity
of data, recommended doses are generally based on expert opinion. Table 5 includes a
summary of these recommendations [31-33,154,213].
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Table 5. Summary of micronutrient recommendations in pregnancy after bariatric surgery.

Micronutrient Dose Comment
Folate 800-1000 pug Higher dose in women with obesity (1-5 mg)
Vitamin B12 1000-2000 pg/1-3 months, i.m. Can also be administered orally (>350-500 pg/d)
Thiamine 12mg Increase to 100-300 mg if low intake, nausea/vomiting
Vitamin D 2000—4000 UI Vitamin D > 30 ng/mL
Viamin s0-15015 A doe below 30 1 10000 U s e i pregrcy
Vitamin E 15mg Monitoring in malabsorptive techniques
Vitamin K 50-120 pg/d Higher risk of deficiency in premature newborns
100200 mg Feriin» 0mg/L gradul incase f dce
Calcium 15002400 mg Increase dietary intake; separated from iron supplement
Magnesium 350 mg Multivitamins usually contain a lower dose
Zinc 12-30 mg Can decrease copper absorption
Copper 12mg Separated from zinc supplements
Selenium 50-60 pg Monitor in malabsorptive techniques
Iodine 200-250 ug The same dose as that in normal pregnancy

4. Conclusions

Obesity increases the risk of complications during gestation, such as gestational
diabetes, preeclampsia, or macrosomia. Bariatric surgery may reduce these risks but may
induce mineral and micronutrient deficiencies, which can have adverse consequences for
the short- and long-term health of the mother and her offspring. This narrative review
of the literature enables us to offer some recommendations to optimise the follow-up of
pregnancy in women with previous bariatric surgery [28-34] (Table 6). Further studies are
needed to identify the factors that promote micronutrient deficiencies during pregnancy
after bariatric surgery, the effects on maternal and foetal health and long-term outcomes,

and the most effective preventive treatment.

Table 6. Pregnancy after bariatric surgery: summary of recommendations.

Pregnancy in Women with Previous Bariatric Surgery: Summary of Recommendations

Appropriate selection of the bariatric surgical technique. Non-malabsorptive techniques should, in general, be preferred.

Appropriate follow-up after bariatric surgery, with the necessary supplementation to prevent and treat possible nutritional deficiencies.

Preferably, the onset of pregnancy should be delayed by 12-18 months after bariatric surgery. Pre-conceptional clinical and nutritional assessment is
recommended.

Follow-up during pregnancy should be carried out by a multidisciplinary team.

Close monitoring of the patient if oral tolerance is inadequate or vomiting occurs. It is advisable to increase the thiamine dose to 100-300 mg/day.

Monitoring of maternal weight gain and intrauterine growth. Consider oral nutritional supplements and/or pancreatic enzymes.

Preventive supplementation with minerals and micronutrients, at the necessary dose, depending on the type of bariatric surgery and clinical and
analytical evolution.

Iodine recommendations are similar to those for women who have not undergone bariatric surgery.

Screening for gestational complications, following specific protocols. In the case of gestational diabetes, it is recommended to avoid oral glucose
overload.

Monitoring for the occurrence of surgical complications, such as internal hernia, a serious but rare clinical condition that requires a specific
diagnostic approach and treatment.

Encourage lactation with a close clinical and nutritional follow-up.
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