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Abstract. — The present review focuses on
the side effects that ex-obese patients face fol-
lowing bariatric surgery.

We searched through the principal medical
indexes (SCOPUS, Web of Science, PubMed,
MEDLINE) using the following words, both
alone and in combinations: bariatrics; bariatric
surgery; anemia; vitamin B12; cobalamin; fo-
late; folic acid; iron; iron supplements; gut mi-
crobiota; lactalbumin; a-lactalbumin. To per-
form exhaustive research, we considered arti-
cles published since 1985.

Bariatric surgery induces states of nutritional
deficiencies. In particular, the surgery results in
a drastic fall in the levels of iron, cobalamin, and
folate. Despite the dietary supplements which
can counteract such decrease, some limitations
exist in the nutraceutical approach. Indeed, the
gastrointestinal side effects of supplements, the
alterations in the microbiota, and the reduced
absorption induced by the surgery may impair
the effect of dietary supplements, exposing the
patients to the risk of developing nutritional de-
ficiencies. Recent literature reports the effect of
promising molecules to counteract such limita-
tions, which include a-lactalbumin, a whey pro-
tein with prebiotic activities, and new pharma-
ceutical forms of iron supplements, namely mi-
cronized ferric pyrophosphate. If on the one
hand, a-lactalbumin enhances intestinal absorp-
tion and helps in restoring a physiological mi-
crobiota, micronized ferric pyrophosphate has a
high tolerability and low or null risk of gastroin-
testinal side effects.

Bariatric surgery represents a valid solution to
obesity and obesity-related disease. However,
the procedure may induce deficiencies in micro-
nutrients. Data exists on the promising activi-
ties of a-lactalbumin and micronized ferric pyro-
phosphate, which may help in preventing bariat-
ric-induced anemia.

Key Words:
Bariatrics,

a-lactalbumin.

Anemia, Iron, Folate, Cobalamin,

Corresponding Author: Vittorio Unfer, MD; e-mail: vunfer@gmail.com

Introduction

The World Health Organization (WHO)' defi-
nes obesity as a body-mass index (BMI) higher
than 30 kg/m? and reports that such pathology is a
growing threat to global health, affecting around
13% of adults worldwide. The worldwide preva-
lence of obesity has increased more than thre-
e-fold since the 1970s, and today it constitutes
a relevant issue even among children and adole-
scents, to the extent that the WHO identifies obe-
sity as an epidemy. Obesity increases the risk of
developing cardiovascular diseases, diabetes, mu-
sculoskeletal disorders, and several cancer types'.
Therefore, physicians generally recommend that
obese people undergo lifestyle and diet changes
to avoid further complications. Nonetheless, pa-
tients might fail to modify their lifestyle and ha-
bits or such modifications could not be sufficient
to gain health benefits, thus requiring second-line
options such as bariatric surgery”. Bariatric sur-
gery is a second-line approach that may help in
recovering from severe obesity. Bariatric surge-
ries exert their weight-loss effects by rearranging
the digestive system. Indeed, bariatric surgeries
reduce the absorption of macronutrients, allowing
fast weight loss. Despite the positive effects,
bariatric surgeries also reduce the quantities of
micronutrients absorbed, thus requiring bariatric
patients to take food supplements. The National
Institute of Health (NIH) recommends such a
surgical approach in those patients with a BMI
higher than 40, or 35 with severe obesity-related
comorbidities. Growing evidence also spreads
its potential application to diabetic patients wi-
th a BMI higher than 30%. This review aims to
summarize the utility and the effects of bariatric
surgery, also considering the side effects of the
procedures and proposing valid alternatives to the
classical supplementation regimen.
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Bariatric Surgery:
to Each Type its Utility

Bariatric surgery encompasses all the proce-
dures designed to counteract severe obesity by
interfering with the physiological processes of
eating, digesting, and absorbing. Depending on
the type of surgery, this interference can act at
three levels: (i) by blocking the absorption of fo-
od, (ii) by restricting the stomach via obstruction
or resection, or (iii) by a hybrid procedure.
Nowadays the blocking procedures are less and
less performed, as literature evidence highlights
a major efficiency of restrictive and hybrid pro-
cedures. Among those, sleeve gastrectomy, adju-
stable gastric band, and gastric bypass are the
most performing — and thus the most performed
— surgical interventions®.

Sleeve gastrectomy, also known as gastric sle-
eve surgery, is the most-performed type of baria-
tric surgery worldwide. It consists of the resection
of about 75% of the greater curvature of the
stomach, including the fundus, body, and proxi-
mal antrum. The resulting stomach has a tubular
shape and a reduced volume, accounting for early
satiety that leads to extensive weight loss. More-
over, after sleeve gastrectomy patients experience
weight-loss-independent benefits: for instance, in
the case of diabetes mellitus, the surgical proce-
dure induces the reduced expression of digestive
enzymes and genes involved in glucose absorp-
tion**. Thanks to the observed effects on gene
expression, sleeve gastrectomy is considered part
of metabolic surgery. Indeed, metabolic surgery
is a sub-field of bariatric surgery, including all the
intervention that modifies genic expression.

Roux-en-Y gastric bypass surgery (RYGB)
consists of a rearrangement of the stomach and
the upper small intestine to create a structure
resembling a “Y” shape. The surgery divides the
stomach into two parts: (i) a small upper stomach,
which is still connected to the esophagus and sur-
gically linked to the jejunum, and (ii) a lower gre-
ater stomach, which is instead still connected to
the duodenum, rejoining the jejunum downward.
This shape with a lower stomach laterally joining
the jejunum resembles the shape of a “Y”, giving its
name to the procedure. As in sleeve gastrectomy,
the stomach is also resected, but in the case of ga-
stric bypass, the integrity of the stomach is conser-
ved, even though the part of the proximal digestive
system is never again intended to digest food”.

The laparoscopic adjustable gastric band, also
known as lap-band, is a less invasive type of

bariatric surgery, developed to avoid interrup-
ting the continuity and integrity of the digestive
system. Moreover, different from both sleeve ga-
strectomy and gastric bypass, lap-banding is an
always-reversible procedure. The procedure consi-
sts of the application of a silicone band around the
upper stomach, which creates an upper pouch that
fills up with less food, anticipating satiety and re-
ducing the amount of the ingested food. Thanks to
the subdermal access port, physicians can fill the
pouch with saline solution, so adjusting its volume.
Such infusion determines a higher pressure that
stiffens the band, thus anticipating the satiety and
reducing the amount of the ingested food?.
Among these three techniques, only lap-ban-
ding prevents the need for supplements in patien-
ts. Both gastric bypass and gastrectomy strongly
reduce the absorption of macronutrients as part
of their mechanism of action, besides preventing
the adsorption of some pivotal micronutrients®.
In fact, despite the positive effects of bariatric
surgery, patients must periodically check blood
levels of vitamins and minerals and eventual-
ly take dietary supplements to overcome sur-
gery-induced deficiencies. The importance of
micronutrients in physiology is well-known, as
the human body strictly requires minerals and
vitamins to perform most reactions. However,
although the high efficiency of dietary supple-
mentations, some patients may still present pa-
thological signs of a lack of micronutrients.

Side Effects of Bariatrics: Anemia

Anemia is one of the most burdensome issues
that may arise from a surgery-induced lack of mi-
cronutrients. It is a non-negligible condition, as it
consists of a lack of erythrocytes that can lead to
major threats to patients’ health. It can derive from
three different causes: (i) lack of iron; (ii) scarce
production of red blood cells; (iii) and/or exces-
sive disruption of these cells. The malabsorption
after bariatric surgery can lead to both the lack
of iron and the scarce production of erythrocytes,
due to the deficit of different micronutrients®'.
Iron, folate, and cobalamin play a central role
in erythrocyte production. The involvement of
iron in the onset of anemia is well known. Low
levels of iron affect the levels of heme, which is
the iron-containing co-factor of hemoglobin that
binds oxygen. On the contrary, folate and cobala-
min intervene in the cellular process of mitosis,
so their deficiency represents a risk factor for the
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reduced production of erythrocytes, which is the
second cause of anemia. Indeed, folate repre-
sents a family of water-soluble molecules that,
once converted to tetrahydrofolate, intervene in
the one-carbon metabolism. Specifically, such
processes include the synthesis of nucleobases,
thus participating in pivotal processes for cellular
survival and mitosis'?2. Cobalamin, instead, is a
molecule based on a corrinoid ring that binds a
cobalt atom. The metabolism of fatty acids that
influences membrane composition, and the con-
version of folate to tetrahydrofolate, are the two
most important processes in which cobalamin
intervenes as a cofactor. The digestion of cobala-
min starts in the acid environment of the stomach
and proceeds with the binding to a protein called
intrinsic factor, which is produced by the fundus
of the stomach and is pivotal for its absorption'.

Sleeve gastrectomy and gastric bypass redu-
ce the absorption of cobalamin, thus bariatric
patients are strongly recommended to take food
supplements containing this micronutrient. Re-
garding iron and folate, patients should supple-
ment their levels only when needed, as in the case
of anemia'*"®. In fact, iron-deficient patients take
iron supplementation as the first line — and usual-
ly resolutive — treatment. Conversely, in the case
of iron-independent anemia supplementing levels
of folate is recommended. Nonetheless, bariatric
patients may still display anemia also under iron,
cobalamin, and folate supplementation. Confli-
cting evidence exists on this topic, as some pa-
pers'>'® report an increase in the rate of iron-defi-
ciency anemia following bariatric surgery, while
others'!"” fail to find similar evidence. A recent
work by Shipton et al'® followed bariatric patients
until 48 months after the surgery, monitoring
anemia-related parameters. They examined the
levels of cobalamin, folate, iron, ferritin, and
hemoglobin under a strict supplementation re-
gimen, finding contrasting results. On the one
hand, they pointed out an improvement in levels
of ferritin, cobalamin, and folate with respect to
the preoperative levels, but on the other hand le-
vels of iron and hemoglobin exhibited a peculiar
pattern. In fact, blood levels of iron rose until
the first 12 months following the surgery, the-
reafter they started decreasing. Similarly, levels
of hemoglobin increased until the first 4 months
following the surgery, but thereafter they star-
ted decreasing, even dropping below pre-surgery
levels at the end of the study, thus reshaping a
condition of long-term anemia. The authors'®tried
to correlate such long-term worsening of anemia

with a heightening of the inflammatory state.
Indeed, the inflammatory state and the levels of
pro-inflammatory cytokines represent risk fac-
tors for a particular type of anemia called chronic
disease anemia, which is unrelated to iron levels.
In this scenario, obese people are more likely to
develop anemia, as obesity determines a constant
low-grade inflammation. However, the strong in-
flammatory response following the severe weight
loss due to the surgery, lasts only for the period of
fast weight loss, generally about a year after the
procedure. After that period the weight loss stops,
and the body weight tends to stabilize'™'"®. There-
fore, the worsening of anemia-related parameters
observed even 12 months after the surgery, is pro-
bably related to other factors rather than the in-
flammatory state. Only about 14% of the total ca-
ses of anemia occurring within the first year after
the gastric bypass are related to chronic inflam-
mation. On the contrary, the prevalence of iron
deficiency anemia among gastric bypass patients
who achieved stable body weight rises to 75%
of the total anemic patients. These data clearly
confirm the higher prevalence of iron deficiency
anemia rather than chronic disease anemia in
gastric bypass patients, thus delinking the worse-
ning of anemia with the inflammatory response'’.
Notably, studies®'” on sleeve gastrectomy report
conflicting results on iron deficiency and chronic
disease anemia. Indeed, a meta-analysis reports
a double frequency following gastric bypass than
sleeve gastrectomy, even though another meta-a-
nalysis failed to find significant differences in the
prevalence of anemia among patients after gastric
bypass or sleeve gastrectomy.

Taken together, all these findings'*'® suggest
that post-surgery anemia strongly depends on
the malabsorption of micronutrients. Indeed,
patients’ low compliance to a strict supple-
mentation regimen may represent a relevant
factor for anemia insurgence. Indeed, patients
usually fail to follow an iron supplementation
regimen due to the high rate of gastrointestinal
side effects of iron-based drugs. Finding the
correct pharmaceutical form for each patient
should address this factor. Indeed, a study
from Ben-Porat et al” highlighted that more
than 90% of bariatric patients take multivita-
min supplements until one year after surgery,
however, the percentage drastically drops to
less than 40% after four years. This is a critical
point, as the four-year timepoint analyses reve-
aled a high rate of nutritional deficiencies. Re-
garding malabsorption, a recent line of research
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focused on improving intestinal absorption of
drugs and supplements, with a special focus on
the role of prebiotics and gut microbiota.

Side Effects of Bariatrics:
Alterations in Gut Microbiota

Obesity, as well as bariatric surgery, is related
to a high rate of micronutrient deficiency, and it
also correlates with reduced gut microbiota di-
versity. In 2006, a pioneering study”” highlighted
the differences in gut microbiota composition
between healthy people and obese patients, reve-
aling an increase in Firmicutes and a concomitant
decrease in Bacteroidetes. Moreover, preclinical
studies” revealed that experimentally induced
alterations in gut microbiota may cause weight
gain, while microbiota restoration may lead to
weight loss. Bariatric surgery as well alters the
composition of the gut microbiota as another con-
sequence of this procedure. The exact extent of
these changes is still a matter of debate, although
the topic is of growing interest. However, the resul-
ts*>?® of the analysis of gut microbiota in bariatric
patients highlighted wide heterogeneous data. It is
worth noting that differences in diet and lifestyle,
different clinical backgrounds of patients, different
research protocols and time points of the analysis
can make the comparison among the studies hard
work, often reaching conflicting evidence.

A research work from Murphy et al** on dia-
betic patients highlighted that different types
of surgery differently affect the composition of
gut microbiota. They first pointed out a different
and opposite effect between sleeve gastrectomy
and gastric bypass on microbiota composition.
Their results indicated that gastric bypass indu-
ces an increase in Firmicutes and Actinobacteria,
while decreasing Bacteroidetes; on the contrary,
sleeve gastrectomy only stimulates an increase
of Bacteroidetes. Several years later, Paganelli
et al** analyzed the composition of the gut mi-
crobiota in bariatric patients, either diabetic or
non-diabetic, founding different evidence with
respect to the ones of Murphy et al’s group*.
Indeed, they characterized 6-month changes in
gut microbiota composition of bariatric patients,
highlighting an increase in the relative abundance
of several bacterial families, including Strepto-
coccaceae, Enterobacteriaceae, Veillonellaceae,
Clostridiales; meanwhile, the relative abundance
of Bifidobacteriaceae decreased. Notably, they®
did not report any differences between sleeve

gastrectomy and gastric bypass in gut microbiota
composition. However, as previously indicated,
the differences between the results by Murphy
et al** and Paganelli et al*® may derive from so-
me bias, regarding the selection of diabetic or
non-diabetic patients, a specific diet for patients,
the software used for the analysis and the level
of depth of the analysis (Phyla, Classes, Orders,
or Families). A recent review by Ciobarca et al*
pointed out that most of the studies agree on the
decreased relative amount of Lactobacillus and
Bifidobacterium after bariatric surgery. Indeed,
they* also pointed out that bacteria belonging
to these genera are commonly used as prebiotics
in bariatric patients, even though literature still
lacks a study on the efficiency of such treatments.

Despite the contrasting evidence on the effects
of obesity and bariatric surgery on gut microbiota
composition, most of the authors agree on some
key findings: (i) obesity is related to altered mi-
crobiota; (ii) in some cases, the altered microbiota
can hamper weight loss; (iii) bariatric surgery
decreases some specifical bacterial genera, inclu-
ding Lactobacillus and Bifidobacterium?*3232%32,
These last play a central role in human physiology,
as they can produce folate in the intestinal lumen,
addressing the need for such molecule®. Moreover,
Bifidobacterium requires iron to grow and proli-
ferate, and some species of Lactobacillus may re-
cover gut adsorption of folate’***¢, Moreover, the
occurrence of Lactobacillus and Bifidobacterium
in the human gut improves the inflammatory state
of patients by promoting the release of anti-inflam-
matory cytokines®. Therefore, the adequate relati-
ve amount of Lactobacillus and Bifidobacterium
may strongly promote physiological intestinal ab-
sorption and gut homeostasis, contributing to gua-
ranteeing the adequate intake of micronutrients,
such as iron and folate, in patients.

Counteract Side Effects Through
Dietary Supplementations

Folate

Negative effects of bariatric surgery on the fo-
late status of patients are clear, however, the exact
magnitude of the different types of surgeries is
still debated. Gehrer et al*® highlighted that the
prevalence of folate deficiency is slightly higher
following sleeve gastrectomy rather than gastric
bypass. This is due to the mechanisms of digestion
and absorption of folate. In fact, tetrahydrofolate is
synthesized in acid environments, and the sleeve
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gastrectomy hampers the proper acidification of
the stomach. Conversely, gastric bypass partially
bypasses the jejunum, where folate is primarily
absorbed, thus folate adsorption is reduced as well
as in the case of sleeve gastrectomy, even though
through different mechanisms. One year before,
Hakeam et al* described that sleeve gastrectomy
impacts folate concentration in red blood cells. In
their study®’, sleeve gastrectomy had no effects
on anemia and iron-related parameters such as
ferritin and transferrin, nonetheless, intracellular
levels of folate fell regardless of the supplemen-
tation regimen. Differently from previous stu-
dies®®*, the group of Capoccia et al*® reported
that folate deficiency is less common in bariatric
patients after sleeve gastrectomy, precisely be-
cause after gastric bypass patients lose part of the
absorption of folate in the jejunum. In accordance
with these results, Toh et al* revealed no evidence
of reduced red blood cell folate following sleeve
gastrectomy, but only following gastric bypass.

Despite bariatric surgery worsens folate status,
its supplementation seems to be effective in fulfil-
ling the renewed need in most of the patients. Inde-
ed, bariatric patients under a strict supplementation
regimen display improved levels of folate and a re-
duced prevalence of folate deficiency, as reported
in most of the studies®®**. Nonetheless, physicians
should pay attention to the folate status of patients,
since inefficient supplementation regimens or low
patients’ compliance can lead to downstream bur-
densome effects, including anemia*.

Iron

Patients after bariatric surgery present a higher
prevalence of iron deficiency compared with the
general population, as 15.2% of patients lack
iron preoperatively, significantly rising around
16.6% postoperatively®. Intriguingly, sleeve ga-
strectomy and gastric bypass display a diverse
trend in the prevalence of postoperative iron
deficiency. In fact, sleeve gastrectomy exhibits
a postoperative prevalence of iron deficiency of
12.4%, while gastric bypass of 24.5%%. In 2016,
the American Society of Metabolic and Bariatric
Surgery (ASMBS) published guidelines** for the
supplementation of different micronutrients, in-
cluding iron. They pointed out that physicians
should prescribe routine screening before and
after bariatric surgery, including both the blood
analyses of iron and ferritin and the assessment of
clinical signs and symptoms common to anemia,
such as fatigue, weakness, and cold extremities.
In 2019, an update of such guidelines***® strongly

recommended the initiation of daily oral supple-
mentation of iron following bariatric surgery, also
suggesting the administration of intravenous iron
for patients who do not respond to the therapy.
Interestingly, the guidelines recommended perio-
dical controls and supplementation regimens re-
gardless of the specific type of surgery, indicating
as necessary the supplementation of iron.

Postoperative oral assumption of iron is the
most used route of administration, despite a
non-optimal efficiency and low compliance due
to the reduced tolerability. In fact, most iron sup-
plements may cause relevant side effects, espe-
cially gastrointestinal disturbs**%. Nonetheless,
oral supplementation of iron as a primary inter-
vention is effective in preventing iron deficiency
anemia®. Therefore, improving the tolerability
of iron supplements has gained a strong interest
in pharmaceutical research of the latest years.
Among various pharmaceutical forms of iron
supplements, micronized ferric pyrophosphate
displays a higher efficiency and tolerability pro-
file. Such type of supplement consists of a mi-
cro-coated iron, which is a safe intervention with
null or very low reported side effects®. Indeed,
Pappalardo et al*® conducted a study on cancer
patients with iron deficiency, testing the efficien-
cy and safety of such pharmaceutical form. They
confirmed the high efficiency of the micronized
ferric pyrophosphate, without the occurrence of
any adverse events among patients.

Limits of Supplementation
in Bariatric Patients

Most of the scientific articles™** about dietary
supplementations in bariatric patients highlighted
that physicians usually neglect their reduced effi-
cacy in the long run. This may be due to the high
incidence of side effects (e.g., in the case of iron
supplements), but also to the reduced absorption
and altered microbiota. To date, the process of in-
testinal absorption is a crucial and debated topic
for most of the treatments and it is still a growing
field. Different drugs have different rates of ab-
sorption, and the precise amount of the molecule
that is absorbed can vary largely among patients
and it depends on several factors. Among the
known factors that influence intestinal absorption
of nutrients, the most relevant include (i) the perme-
ability of the membranes to the molecules, (ii) the
expression of the carriers that internalize the mo-
lecules, (iii) the functionality of the digestive tract,
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(iv) the intestinal microbiota. A complex network
of interactions among these factors may alter the
absorption of micronutrients and their effect™'=.

In the case of bariatric patients, the clinical
picture is even more complicated, as an external
surgical intervention may modify the physiology
of the digestive system. Indeed, bariatric surgery
is a metabolic procedure that influences the pro-
duction of proteins in the digestive tract, thus
altering the expression of carriers and enzymes
involved in micronutrient absorption. Moreover,
as previously indicated®-®, bariatric surgery may
induce relevant changes in gut microbiota com-
position. In this sense, bariatric surgery may
modify the processing of micronutrients, their
absorption through carriers, and their synthesis
and processing by bacteria. Both the metabolic
and the microbiota changes that follow bariatric
interventions may account for a part of the altered
absorption of dietary supplements.

a-Lactalbumin: a Potential Candidate
to Improve Intestinal Condition

Among the molecules with positive effects on
gut microbiota homeostasis and intestinal adsorp-
tion, a-lactalbumin (0-LA) has drawn attention
in the latest years in various clinical pictures.
a-LA is a whey globular protein commonly de-
tectable in both human and bovine milk. It is the
second most abundant protein in whey, and it is
an important source of tryptophan, cysteine, and
bioactive peptides. a-LA has peculiar characteri-
stics: it undergoes digestion in the duodenum via
pancreatic enzymes rather than in the stomach,
and its derived bioactive peptides promote several
pivotal activities in the jejunum. In fact, literatu-
re highlights that a-lactalbumin-derived peptides
can act at different levels on gut homeostasis. The
main reported activities include anti-inflamma-
tion, anti-hypertension, and immunomodula-
tion. Moreover, under specific circumstances, as
in the presence of a cofactor of human casein,
a-LA undergoes structural changes, exhibiting
a folding variant that displays pro-apoptotic,
antiviral, and bactericidal properties>*-,

Among other properties, a-LA is a key agent
in improving bacterial growth and generally pro-
motes the establishment of healthy gut microbiota.
Indeed, a-LA stimulates the growth of bacteria
such as Bifidobacterium and Lactobacillus, while
preventing the proliferation of pathogenic bacteria
such as Escherichia coli, Salmonella typhimurium,

Staphylococcus aureus and Klebsiella pneumo-
nia®™. Thanks to its positive effects on gut
microbiota, a-LA gained a growing interest in
improving some chronic pathological conditions.

As previously stated, bariatric surgery may
exert negative effects on gut microbiota homeo-
stasis. In particular, such an intervention reduces
the relative amount of Lactobacillus and Bifi-
dobacterium, which are positive symbiotes for
human health. In 2019, Boscaini et al® carried
out a pre-clinical study evaluating the effects of
a-LA on gut microbiota, highlighting the genera
that are influenced by a diet enriched in a-LA or
in casein. Their analyses revealed that a-LA pro-
motes healthy microbiota, increasing the relative
amount of Bifidobacterium and Lactobacillus.
Indeed, the increase in the relative abundance of
Lactobacillus strictly correlates with a decrease
in inflammatory cytokines and BMI, thus con-
firming the positive effects of such bacteria on
metabolic aspects. On the other hand, the correct
relative amounts of Bifidobacterium are strongly
related to a healthy BMI. Conversely, several stu-
dies***’ highlighted that a low relative amount of
Bifidobacterium correlates to obesity. Therefore,
promoting the growth of beneficial bacteria, the
use of a-LA may help to counteract both obesi-
ty-induced and bariatrics-induced alterations of
gut microbiota. Recovering a physiological inte-
stinal flora may also positively impact micronu-
trient synthesis thus avoiding the worsening of
side conditions, such as anemia.

A recent meta-analysis® evaluated the results
on metabolic parameters of the supplementation
with probiotics, including Lactobacillus and Bi-
fidobacterium, in diabetic patients. Indeed, the
authors pointed out that the use of probiotics
induces a significant improvement in the home-
ostatic model assessment for insulin resistan-
ce (HOMA-IR), also reducing plasma glycated
hemoglobin. This effect may also derive from
the activities of the Bifidobacterium induced by
a-LA, as the bacteria produce short-chain fatty
acids that correlate to an improved glycemic
profile. Other reports highlighted the efficiency
of Lactobacillus and Bifidobacterium in redu-
cing weight, triglycerides, glycemia, and insuli-
nemia®. Preclinical studies®*® reported similar
results in mice, also highlighting a reduction in
proinflammatory cytokines, such as tumor necro-
sis factor-alpha (TNF-a) and interleukin (IL)-6.

Notably, a recent study by Lagana et al® hi-
ghlighted the beneficial effect of a-LA in impro-
ving the intestinal absorption of micronutrients.
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Indeed, they found out that a combination of
a-LA and micronized ferric pyrophosphate is
more efficient than ferrous gluconate in restoring
iron-related blood parameters. They analyzed he-
moglobin, ferritin, serum iron, and hematocrit,
finding improved values in the group treated with
a-LA and micronized ferric pyrophosphate after
a one-month treatment compared to the group
treated with ferrous gluconate. Moreover, since
they enrolled pregnant women with iron-deficien-
cy anemia in the study, they also investigated the
safety of both drugs. Intriguingly, they®* highli-
ghted a 24% rate of side effects incidence in the
ferrous gluconate group, while the group treated
with a-LA and micronized ferric pyrophosphate
reported no adverse events. Considering the con-
dition of anemia and the altered gut microbiota of
bariatric patients, a-LA may represent an excel-
lent candidate for supplementation therapies, ma-
tching the needs of such population.

Conclusions

Bariatric surgery encompasses procedures in
rapid development, as obesity is a disease that
is constantly spreading worldwide. Among the
complications occurring in bariatric patients, the
need for dietary supplementation, the irreversible
alterations of the digestive tract, and the lack of
micronutrients play a primary role. Anemia is one
of the most burdensome issues that may affect ba-
riatric patients, and it is caused by the inadequate
intake of folate, iron, and cobalamin. In addition,
gut microbiota changes following bariatric surgery
may contribute to exacerbating such conditions of
inadequate intake and intestinal malabsorption.
Even though food supplements seem to be effecti-
ve in counteracting these effects, their efficiency
may decline in the long run. Several scientifical
articles*>** report that new formulas can over-
come these problems. For instance, micronized
ferric pyrophosphate seems to be a high-valuable
candidate, as such pharmaceutical form avoids the
occurrence of gastrointestinal side effects, which
are among the primary causes of discontinuation
of the treatments. On the other hand, a newly cha-
racterized protein occurring in human and bovine
milk, the a-LA, could be an optimal candidate
for the treatment of bariatric patients, as it plays
crucial roles in balancing microbiota, and resto-
ring gut homeostasis. Moreover, when combined
with micronized ferric pyrophosphate, its efficacy
is higher than ferrous gluconate in iron-deficient

anemic patients. On these bases, a-LA, folate,
and micronized ferric pyrophosphate may con-
stitute a putative optimal food supplementation
approach for bariatric patients to avoid the in-
surgence of anemia.
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