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Abstract
Obesity-induced chronic inflammation leads to activation of the immune system that causes alterations of iron
homeostasis including hypoferraemia, iron-restricted
erythropoiesis, and finally mild-to-moderate anaemia.
Thus, preoperative anaemia and iron deficiency are common among obese patients scheduled for bariatric surgery
(BS). Assessment of patients should include a complete
haematological and biochemical laboratory work-up,
including measurement of iron stores, vitamin B12 and
folate. In addition, gastrointestinal evaluation is recommended for most patients with iron-deficiency anaemia. On
the other hand, BS is a long-lasting inflammatory stimulus
in itself and entails a reduction of the gastric capacity
and/or exclusion from the gastrointestinal tract which
impair nutrients absorption, including dietary iron.
Chronic gastrointestinal blood loss and iron-losing
enteropathy may also contribute to iron deficiency after BS.
Perioperative anaemia has been linked to increased
postoperative morbidity and mortality and decreased
quality of life after major surgery, whereas treatment of
perioperative anaemia, and even haematinic deficiency
without anaemia, has been shown to improve patient outcomes and quality of life. However, long-term follow-up
data in regard to prevalence, severity, and causes of
anaemia after BS are mostly absent.
Iron supplements should be administered to patients after
BS, but compliance with oral iron is no good. In addition,
once iron deficiency has developed, it may prove refractory
to oral treatment. In these situations, IV iron (which can circumvent the iron blockade at enterocytes and macrophages)
has emerged as a safe and effective alternative for perioperative anaemia management. Monitoring should continue
indefinitely even after the initial iron repletion and anaemia
resolution, and maintenance IV iron treatment should be
provided as required. New IV preparations, such ferric carboxymaltose, are safe, easy to use and up to 1000 mg can be
given in a single session, thus providing an excellent tool to
avoid or treat iron deficiency in this patient population.
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DEFICIENCIA DE HIERRO Y ANEMIA
EN PACIENTES DE CIRUGÍA BARIÁTRICA:
CAUSAS, DIAGNÓSTICO Y TRATAMIENTO
ADECUADO
Resumen
La inflamación crónica inducida por la obesidad provoca alteraciones en la homeostasis del hierro, incluyendo
hiposideremia, restricción del hierro para la eritropoyesis y anemia leve o moderada. Consecuentemente, la anemia y la deficiencia de hierro son frecuentes entre los
pacientes candidatos a cirugía bariátrica (CB). El estudio
preoperatorio debe incluir un hemograma completo y la
evaluación del status férrico, vitamina B12 y ácido fólico.
Se recomienda realizar un estudio gastrointestinal en la
mayoría paciente con anemia ferropénica. Ante una anemia inexplicada, debería postergarse la cirugía hasta que
se haya realizado un diagnóstico apropiado.
La anemia perioperatoria se ha relacionado con
aumento de morbi-mortalidad postoperatoria y disminución de la calidad de vida después de una cirugía mayor,
mientras que la corrección de la anemia y la deficiencia de
micronutrientes (hierro, vitamina B12, folato) mejoran el
pronóstico y la calidad de vida. Sin embargo, no existen
estudios de seguimiento a largo plazo en lo que respecta a
la prevalencia, gravedad y causas de la anemia en pacientes CB.
Tras la CB, los pacientes deben recibir suplementos de
hierro, pero la tolerancia al hierro oral no es buena; una
vez instaurada la situación de ferropenia, ésta podría ser
refractaria al tratamiento oral. En estas situaciones, el
uso de preparados IV (que evitan el bloqueo del hierro en
enterocitos y macrófagos) ha surgido como una alternativa segura y efectiva en el tratamiento de la anemia
perioperatoria. Los nuevos preparados de hierro IV,
como la carboximaltosa férrica, son seguros, fáciles de
utilizar y permiten administrar hasta 1.000 mg en una
sola sesión, proporcionando así una excelente herramienta para tratar o prevenir el déficit de hierro en estos
pacientes. Después de la repleción de hierro y la resolución de la anemia, deben realizarse controles periódicos
de forma indefinida para realizar nuevos tratamientos de
mantenimiento si fueran necesarios.
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Introduction
With an increased, although uneven, prevalence of
obesity and obesity-related chronic diseases rise in a
parallel way in developed countries.1 Morbidity secondary to overweight and obesity include type 2 diabetes, dyslipemia, hypertension, heart disease, cerebrovascular disease, cholelithiasis, osteoarthritis, heart
insufficiency, sleep apnoea, menstrual changes, sterility and psychological alterations, but also anaemia and
hypoferraemia.2-4 Obesity also confers increased susceptibility to suffer some types of cancer, infections,
greater risk of bacteraemia and a prolonged time of
wound healing after surgical operations. All these factors, which have a great economical impact on the
health care systems,5 indicate that obesity exerts negative effects upon both humoral and cellular immune
responses.
Obesity: a systemic inflammatory status
It is known that adipose tissue, together with its role
as energy reserve in form of triglycerides, has important endocrine functions, producing several hormones
(e.g., leptin, adiponectin) and other signalling molecules (e.g., tumour necrosis factor-a [TNF-α] or interleuin-6 [IL-6]), collectively termed “adipokines”.
Adipocyte hypertrophy resulted in an increased
expression of monocyte chemo-attractant protein
(MCP-1) and macrophage migration inhibitory factor
(MMIF) which contributes to macrophage homing to
adipose tissue.6 On the other hand, enlarged adipocytes
may be susceptible to hypoxia because of a larger oxygen diffusion barrier presented by intracytoplasmic
lipids and alteration in blood flow to adipose tissue.
Adipocyte hypoxia may induce cell necrosis, with

release of cell by-products that recruit macrophages
and other phagocytic cells and induce inflammatory
responses. In addition, surviving hypoxic adipocytes
up-regulate hypoxia-inducible genes, which in turn
induce expression of inflammatory cytokines. Finally,
T-lymphocyte infiltration of adipose tissue is increased
in human obesity and is associated with alterations in
the expression of T-cell-related cytokines, which in
turn have been implicated in potentiating resident
macrophage inflammatory responses. All these lead to
an increased release of pro-inflammatory adipokines
(TNF-α, IL-6, leptin, hepcidin, and the siderophore
lipocalin-2) by the adipose tissue, while the release of
anti-inflammatory adipokines (adiponectin) is
decreased, thus resulting in low-grade, chronic inflammatory status (fig. 1).2,6-9 Although the underlying
events that initiate inflammation within the adipose tissue have not been completely revealed, there are evidences implicating inflammation in the pathogenesis
of atherosclerosis, steatohepatitis, sleep apnoea,
asthma, and osteoarthritis. Systemic inflammation,
therefore, represents a common underlying factor in
the pathogenesis of many serious, obesity-related,
comorbid diseases. Fortunately, this systemic inflammatory response is greatly ameliorated by significant
weight (fat mass) loss,10 and a number of studies have
shown that bariatric surgical procedures lead to resolution of major co-morbidities, as assessed by the
Bariatric Analysis and Reporting Outcome System
subscale, in over 75% of patients.11-14
Effects of inflammation on iron homeostasis
In addition to blood loss, haemolysis, hepatic or
endocrine disorders, and nutritional deficiencies, iron
homeostasis can be disturbed by inflammation

Fig. 1.—A possible pathophysiological mechanism of inflammation in obesity.
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MØ, macrophages; T-cell, lymphocyte T; IL, interleukin; TNF, tumour necrosis factor; IFN, interferon: EPO, erythropoietin; (-) negative effect.

(induced by both obesity and surgery). Activation of
the immune system results in pathologic iron homeostasis due to increased divalent metal transporter and
transferrin receptor expression in macrophages,
reduced ferroportin expression in enterocytes (inhibition of iron absorption) and macrophages (inhibition of
iron recirculation), and increased ferritin synthesis
(increased iron storage). All these lead to hypoferraemia, iron-restricted erythropoiesis, and finally mildto-moderate anaemia. Thus, at least three major immunity-driven mechanisms contribute to the development
of anaemia during chronic inflammation (also called
anaemia of chronic disease, ACD): 1) cytokines, like
TNFα, IFNγ and IL-1β, exert a negative impact on the
proliferation and differentiation of erythroid progenitor
cells and can induce apoptosis; 2) patients with ACD display a blunted secretion of endogenous erythropoietin
and an impaired response of erythroid progenitor cells to
erythropoietin; and 3) inflammation-induced disturbances of iron homeostasis (functional iron deficiency or
decrease iron availability, due to high hepcidin levels
induced by IL-6 and leptin) (fig. 2).15-17 In this regard, it is
worth noting that lower bioavailable iron among obese
adults might also potentially be related to the greater
adipose hepcidin. Although hepcidin expression is
more than 100-fold higher in hepatocytes than in
adipocytes, secreted hepcidin from both tissues may
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Fig. 2.—Effects of chronic inflammation on iron metabolism
in obese patients.

have relevance for humans because in obesity, adipose
tissue mass may be 20-fold greater than liver mass.18
Effects of weight loss on obesity-induced
systemic inflammation
As stated above, significant weight loss may lead to
amelioration of systemic inflammatory response.
Weight-loss interventions are broadly classified into
four types according to the method of weight loss
employed; diet (low- or very-low-calorie diets [LCD or
VLCD] low-fat diets, low-carbohydrate diets),
enhanced physical activity, drugs and surgical interventions.19 When a non-surgical treatment is used, the
greatest improvements in the serum or plasma concentrations of inflammatory markers were observed in
those studies, reporting a weight loss of at least 10%
(which is the best estimate for sustained excess body
weight loss with these interventions). Therefore, these
interventions may be useful for treatment of overweight and moderate obesity, but not for severe or morbid obesity. Nevertheless, one advantage is that several
studies clearly demonstrated the benefit of long-term
diet and lifestyle interventions in terms of the maintenance of changes in inflammation following weight
loss.10
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In regard to surgical interventions, there are 3 broad
categories of bariatric procedures:20 restrictive (vertical
banded gastroplasty [VBG] and laparoscopic
adjustable gastric band [Lap Band] and sleeve gastrectomy), malabsorptive (Biliopancreatic diversion
[BPD], and BPD with duodenal switch [BPD-DS]),
and combined restrictive and malabsorptive (Roux-enY gastric bypass [RYGB], duodenal switch [DS]). A
meta-analysis of 136 studies with 22,094 patients who
had undergone bariatric surgery demonstrated that the
mean percentage of excess weight loss was 61.2%.
Restrictive procedures like gastric banding yielded
lower mean excess body weight loss (47.5%) compared with combined restrictive and malabsorptive
procedures like RYGB (68.2%).21,22 In another metaanalysis, the authors reported that for patients with
BMI ≥ 40 surgery resulted in a weight loss of 20 to 30
kg, which was maintained for up to 10 years and was
accompanied by improvements in some comorbid conditions. For BMIs of 35 to 39, data from case series
strongly support superiority of surgery over medical
treatment but cannot be considered conclusive.23 Two
more recent systematic reviews yield similar results.24,25
Reductions in levels of most inflammatory markers
after bariatric surgery are more consistent compared
with those observed in the dietary interventions, with
or without physical activity. Circulating CRP and leptin concentrations decreased (17 to 79% and 15 to 76%,
respectively), whereas those of the anti-inflammatory
marker adiponectin increased (13 to 209%).10 Overall,

improvements in circulating IL-6 and TNF-a concentrations were somewhat less consistent than those
observed for the other inflammatory markers.10
As the use of bariatric surgery for the treatment of
morbid obesity leads to a greater loss of fat mass excess
and a greater decrease in circulating levels of proinflammatory adipokines, an improvement in iron homeostasis should be expected. However, bariatric surgery
is a long-lasting inflammatory stimulus in itself and
entails a reduction of the gastric capacity and/or exclusion from the gastrointestinal tract to reduce nutrient
absorption, which in turn may induce or aggravated
anaemia and haematinic deficiencies, especially those
of iron and vitamin B12. It has been recently reported
that folate can also be absorbed across the colon of
adults,26 thus folate deficiency after bariatric surgery
may be less frequent than that of iron or vitamin B12.
Diagnosis of anaemia and iron deficiency
in the obese patient
The prevalence of anaemia in patients scheduled for
bariatric surgery (10-15%) may be higher than in the
general population, whereas the prevalence of any kind
of iron deficiency (ID), with or without anaemia, may
be even higher (up to 30-40%).3,4,27,28 Postoperative
anaemia may occur in a higher percentage of patients,
probably due to blood loss (perioperative blood loss,
menses, gastrointestinal ulcers, etc), inflammation-

ACD, anaemia of chronic disease; ; ACD+ID, ACD with true iron deficiency; AUC, anaemia of
unknown cause; CRP, C-reactive protein; CHr, reticulocyte haemoglobin content; EPO, erythropoietin; ESA, erythropoiesis stimulating agent; Ft, ferritin; Hb, hemoglobin; HYPO,
hypochromic red cells; IDA, iron deficiency anaemia; MCV, mean corpuscular volume; MCH,
mean corpuscular haemoglobin; MDS, myelodysplastic syndrome; sTfR, serum transferrin
receptor.
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Fig. 3.—A simplified diagnostic-therapeutic algorithm for perioperative
anaemia in bariatric surgical patients.
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Table I
Main laboratory tests for the diagnosis of anaemia and haematinic deficiency
Laboratory test

Normal values, units

Conversion to SI units

12-16 g/dL
13-17 g/dL
80-100 fL
11-15
28-35 pg
< 5%
28-35 pg

x 0.6206 mmol/L

x 0.179 mmol/L
x 0.01 g/L

A. Iron deficient red cell production
A. • Haemoglobin (Hb)
A.
A.
A.
A.
A.

•
•
•
•
•

Mean corpuscular volume (MCV)
Red cell distribution width (RDW)
Mean corpuscular Hb (MCH)
Hypochromic red cells (HYPO)
Reticulocyte Hb content (CHr)

B.
B.
B.
B.
B.
B.
B.

Iron depletion in the body
• Serum iron
• Transferrin (Tf)
• Transferrin saturation (TSAT)
• Ferritin (Ft)
• Soluble transferrin receptors (sTfR)
• Ratio of sTfR to serum Ft (sTfR/log Ft)

50-180 mg/dL
200-360 mg/dL
20-50%
30-300 ng/mL
0.76-1.76 mg/L
<1

C.
B.
B.
B.
B.

Other parameters
• Serum vitamin B12
• Serum folate
• C-reactive protein (CRP)
• Creatinine

≥ 270 pg/mL
≥ 3 ng/mL
< 0.5 mg/dL
0.5-1.3 mg/dL

induced blunted erythropoietic response and/or nutrient deficiencies. In addition, perioperative anaemia has
been linked to increased postoperative morbidity and
mortality, and decreased quality of life after major
surgery, whereas treatment of perioperative anaemia
has been shown to improve patient outcomes and quality of life.29
Therefore, preoperative anaemia should be appropriately diagnosed and treated prior to surgery. Whenever
clinically feasible, patients undergoing major bariatric
surgery should have their Hb level and iron (serum iron,
ferritin, transferrin saturation index, C-reactive protein)
and vitamin (B12 and folic acid) status tested preferably
30 days before the scheduled surgical procedure. Unexplained anaemia should always be considered as secondary to some other process and, therefore, elective
surgery should be deferred until an appropriate diagnosis has been made. In addition, haematinic deficiency
without anaemia should also be evaluated as they may
compromise the recovery from postoperative anaemia.30
Postoperative anaemia and haematics deficiencies
should also be closely monitored during patient’s follow-up. Main laboratory tests for the diagnosis of
anaemia and haematinic deficiency are shown in table I,
and a simplified diagnostic-therapeutic algorithm for
perioperative anaemia is depicted in figure 3.
Iron deficiency without anaemia
Normal Hb level does not exclude ID, because individual with normal body iron stores must lose a large portion of body iron before the Hb falls below the laboratory
definition of anaemia (Hb < 12 g/dL for women, Hb < 13
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x 2.247 pmol/L
6.4-25.7 nmol/L

x 0.738 pmol/L
x 2.266 nmol/L
x 10 mg/L
x 88.4 μmol/L

g/dL for men). In non-anaemic obese patients, the most
important clinical clue of ID is the symptom of chronic
fatigue (iron is required for the enzymes involved in
oxidative metabolism). However, it is of little screening
value because clinicians rarely consider the presence of
ID in patients who are not anaemic, and therefore ID is
invariably diagnosed in the laboratory.31 A normal Hb
level with a low mean corpuscular haemoglobin (MCH),
or in the lower limit of normality (normal range: 28-35
pg), or an increased red cell distribution width (RDW,
normal range: 11-15) point to mild ID without anaemia,
but the main laboratory finding is a ferritin level < 30
ng/mL in the absence of inflammation (e.g., serum concentrations of C-reactive protein [CRP] < 0.5 mg/dL)
(True iron deficiency), or a normal ferritin level with low
transferrin saturation (TSAT) in the presence of inflammation (Functional iron deficiency, FID).
Iron deficiency anaemia
Obese patients should be considered to suffer from
iron deficiency anaemia (IDA) when they presented
with low Hb (men < 13 g/dL and women < 12 g/dL),
TSAT (< 20%) and ferritin concentrations (<30
ng/mL) but no signs of inflammation (fig. 3).31 The
mean corpuscular haemoglobin (MCH) rather than
mean corpuscular (MCV) became the most important
red-cell marker for detecting ID in circulating red
blood cells. MCV is a reliable and widely available
measurement but is a relatively late indicator in
patients who are not actively bleeding. In addition,
patients may present with IDA and without microcytosis, when coexisting vitamin B12 or folate deficiency.

M. Muñoz et al.

Serum transferrin receptor (sTfR) levels are usually
high or very high, but they are not usually required for
the diagnosis of uncomplicated IDA. Gastrointestinal
evaluation for potential malignancy or peptic ulcer is
recommended for any patient with IDA, except possibly menstruating women or when the source of blood
loss is readily apparent.30 After GI evaluation, oral or
IV iron supplementation should be given as needed to
normalize blood counts and iron studies prior to surgery.
This way, IDA or ID detected after surgery will most
likely reflects peri- or post-operative complications. If
after a few weeks of iron therapy (especially with IV
iron) a normal Hb level has not been attained, treatment
with erythropoiesis stimulating agents (ESAs: epoetin,
darbepoetin) might be considered (fig. 3).

haemoglobin concentration < 13 g/dL for men and < 12
g/dL for women, and 3) low transferrin saturation
(TSAT < 20%), a serum ferritin concentration > 30 and
< 100 ng/ml and a sTfR/log ferritin ratio > 2.15,32 In nonferropenic patients the 2.5 percentile values were 28 pg
for CHr and 5% for HYPO.35 These haematologic
indices (CHr and HYPO) are direct indicators of functional iron deficiency (FID), in contrast to the majority
of biochemical markers, which measure FID indirectly
via iron-deficient erythropoiesis and demonstrate
weaknesses in the diagnosis of functional ID as defined
by hematologic indices. Although patients with ACD +
ID benefit from treatment with ESAs, most of them
may initially respond to supplementation with IV iron,
or even with oral iron32 (fig. 3).

Anaemia of chronic disease

Non-iron deficiency anaemia

Obese patients should be considered to suffer from
ACD when they have: 1) evidence of chronic inflammation (e.g., high CRP level), 2) a Hb concentration
< 13 g/dL for men and < 12 g/dL for women, and 3) a
low transferrin saturation (TSAT< 20%), but normal or
increased serum ferritin concentration (> 100 ng/ml) or
lower serum ferritin concentration (30-100 ng/ml) and
a sTfR/log ferritin ratio < 1 (fig. 3).15,32 Measurement of
reticulocyte counts, endogenous EPO secretion (ratio
of observed EPO to expected EPO; normal range 0.81.2), and serum creatinine (normal glomerular filtration > 60 mL/min/1.73 m2), will be helpful in defining
the cause of ACD.
On the other hand, although ACD is typically mild to
moderate, and erythrocytes may not show any stigmata of
iron deficiency (normochromic, normocytic anaemia),
the underlying iron aetiology is evident: macrophages that
normally recycle iron are found to sequester it, intestinal
iron absorption is interrupted, and erythroid precursors
respond very rapidly when iron-transferrin is made available, especially by the administration of IV iron preparations. Thus, it can be speculated that the normocytic RBCs
result from the combination of iron insufficiency and an
as-yet-unexplained tendency to macrocytocis (e.g., alterations in folate or B12 metabolism in response to inflammation).33 This became more evident following bariatric
surgery where published incidences of vitamin deficiencies have reported to be as high as 25-70% for B12 and 2030% for folate.34 Finally, although patients with ACD
benefit from treatment with ESAs, it must be borne in
mind that some of them may respond to IV iron. Nevertheless, IV iron replacement therapy should be always
considered in patients receiving ESAs (fig. 3).

As shown in figure 3, in patients presenting with
anaemia and TSAT > 20%, vitamin B12 and folate levels should be investigated. If vitamin B12 and folate levels are low and accompanied of a MCV > 100 fL,
macrocytic anaemia should be suspected and patient
referred to the haematologist for further evaluation.
However, as stated above, up to one third of patients
may present with vitamin B12 or folate deficiency and
without macrocytosis, especially following bariatric
surgery where coexisting ID is highly frequent.36 If vitamin B12 and folate levels are normal, the diagnosis of
anaemia of unknown cause (AUC) should be considered and patient referred to the haematologist for further evaluation. In this regard, it has been recently
reported that both AUC and B12/folate deficiency
anaemia are characterized by low levels of both inflammatory markers (CRP) and endogenous EPO secretion.37 Therefore, patients with AUC and those with
B12/folate deficiency not responding to vitamin supplementation might benefit from treatment with ESAs
(fig. 3). Two important considerations: first, after starting with the specific treatment (im or high oral dose),
patients with vitamin B12 deficiency should receive oral
iron to avoid iron-restricted erythropoiesis; second, no
patient should receive folic acid without vitamin B12
(unless vitamin B12 deficiency has been ruled out) to
avoid further complications as transverse myelitis.

Anaemia of chronic disease with true iron deficiency
Obese patients should be considered to have ACD
with true iron deficiency (ACD + ID) when they have:
1) a chronic inflammation (e.g., high CRP level), 2) a

Iron deficiency in bariatric surgical

Prevalence of anaemia and haematinic deficiencies
in patients undergoing bariatric surgery
Applying the above mentioned criteria, we have retrospectively reviewed the prevalence of anaemia and
haematinic deficiencies in patients undergoing
bariatric surgery at University Hospital Virgen de la
Victoria (Málaga, Spain) and its evolution based on the
applied surgical technique. One-hundred twenty four
patients who underwent bariatric surgery with restrictive (RBS, n = 52) or malabsorptive (MBS; n = 72)

Nutr Hosp. 2009;24(6):640-654

645

Table II
Prevalence of preoperative iron deficiency (ID) and anaemia in bariatric surgical patients
Author, year (ref.)

n

Skroubis et al., 200238

174

Vázquez Prado et al., 200813
Muñoz et al., 200828

110
67

Coupaye et al., 200939

70

Flancbaum et al., 200940

379

Ernst et al., 200941
Toh et al., 200942

232
220

Type
of surgery

ID
definition

ID prevalence,
n (%)

Anaemia
definition

Anaemia
prevalence, n (%)

RYGBP (79)
BPD (95)
DS
AGB (39)
RYGBP, BPD (28)
AGB (21)
RYGBP (49)
RYGBP

sFe < 50 μg/dL

51 (29.3)

30 (17.2)

sFe < 60 μg/dL
sFe < 60 μg/dL
TSat < 20%
sFe < 60 μg/dL
TSat < 20%
sFe < 60 μg/dL

18 (16.3)
18 (26.9)

Hb < 13.5 g/dL h
Hb < 11.9 g/dL m
Hb < 11.8 g/dL
Hb < 13 g/dL h
Hb < 12 g/dL m
Hb < 11.5 g/dL

167 (44.1)

Ferritin < 9 ng/mL
sFe < 50 μg/dL

26 (6.9)
35 (17.5)

RYGBP
AGB (43)
RYGBP (113)
SG (63)

Overall

32 (45.7)

347/1252 (27.7)

Hb < 13 g/dL h
Hb < 12 g/dL m
Hb < 12 g/dL
Hb < 13 g/dL h
Hb < 11.9 g/dL m

6 (5.5)
9 (13.4)
4 (5.7)
83 (21.9)
26 (6.9)
14 (6.4)

172/1252 (13.7)

RYGBP, Roux-en-Y gastric bypass; BPD, biliopancreatic diversion; DE, duodenal switch; SV, sleeve gastrectomy; sFe, serum iron; sTfR, serum transferrin
receptor; Hb, haemoglobin. * Excluded for calculation of mean ID prevalence.

techniques at our University Hospital (200-2005) were
included in this study. Demographic, anthropometric,
haematimetric and biochemical data, both preoperative
and after 3, 6, 12 and 24 months in the post-operative
follow-up, were retrieved from their medical records.28
Preoperative assessment
Preoperative blood counts from 107 out of 127
patients (86%) were available and, according to WHO
criteria, 14 of them presenting with preoperative anaemia
(13.1%), without differences between groups (11.6% vs
16.4%, for RBS and MBS, respectively; p = NS).28 This
prevalence of anaemia is similar to that reported in 6
studies involving 1,185 bariatric surgical patients
(13.7%; range 5.5%-21.9%)13,38-42 (table II), and higher
than that reported for age-matched individuals in the general population using WHO criteria (6-7%).27 However,
WHO criteria have been recently challenged. The analysis of the large NHANES-III (the third US National
Health and Nutrition Examination Survey) and ScrippsKaiser databases indicates that a haemoglobin concentration below 13.7 g/dL in a white man aged between 20 and
60 years would have only an approximately 5% chance
of being a normal value. The corresponding value for
women of all ages would be 12.2 g/dL.43 Should these
new definitions of anaemia be applied to the bariatric surgical patient population, the prevalence of preoperative
anaemia should be even higher.
In our series, preoperative haematimetric and biochemical parameters from 67 out of 127 patients (54%)
were available, allowing for the diagnosis of anaemia
and haematinic deficiencies. Nine out 67 patients were
anaemic (13.4%): 3 IDA, 5 ACD, and 1 ACD+ID.
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Information about the prevalence associated with
inflammation, with or without true iron deficiency, was
no provide in the studies reviewed table II, thus precluding any comparison to be made. In addition, 33 out
of 58 non-anaemic patients (56.9%) presented some
haematinic deficiency: 6 with ID, 12 with FID, 3 with
low folate, and 12 with low vitamin B12. Overall, prior
to surgery, deficiencies were found in 27% of patients
for iron, 4.5% for folate, and 17.9% for vitamin B12.28
The prevalence of preoperative ID in our series of
obese patients scheduled for bariatric surgery is in
agreement with that reported in 6 studies involving
1,185 bariatric surgical patients (27.8%; range: 6.9%45.9%)12,38,39,42,44-48 (table II), and that found by Yanoff et
al.3 in a study of 234 obese and 172 non-obese adults,
where ID was defined by serum iron < 50 μg/dL, sTfR
> 25.7 nmol/L or ferritin < 9 ng/mL, and inflammation
by CRP > 1 mg/dL. Obese subjects had a higher prevalence of ID defined by serum iron (24.3% vs 15.7%, P =
0.03) and sTfR (26.9% vs 15.7%, P = 0.0078) but not
by ferritin (9.8% vs 9.3%, P = 0.99), when compared
with non-obese patients.3 Therefore, as assessed by
sTfR and TSAT, obesity is associated with ID. As
expected, obesity-related ID was not explained by differences in reported intake of haeme and non-haeme
iron or intake of dietary factors that can affect iron
absorption.4 In contrast, BMI inversely correlates with
serum iron (r= -0.245, p < 0.01) and directly with CRP
(r = 0.447; p < 0.001).3 Thus, inflammatory-mediated
sequestration of iron in the enterocytes (limited iron
absorption) and the RES (limited iron recirculation),
despite adequate or even increased iron stores, could
play a major role in the hypoferraemia of obesity.
Our data are also in agreement with those recently
reported by Ernst et al.41 assessing the micronutrient
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status in 232 morbidly obese subjects (BMI ≥ 35
kg/m2) prior to bariatric surgery. Deficiencies were
found in 3.4% of the subjects for folate and 18.1% for
vitamin B12, whereas anaemia and ID were less frequent (6.9%), but they only determined ferritin and, as
for the study of Yanoff et al.,3 a very low ferritin threshold for the diagnosis of ID was set. Deficiencies in
albumin (12.5%), zinc (24.6%) and 25-OH vitamin D3
(25.4%) were also found. These data indicate a high
prevalence of micronutrient deficiencies in morbidly
obese subjects and, accordingly, the authors strongly
recommend a systematic assessment of the micronutrient status in all candidates for bariatric surgery. In this
regard, it worth noting that diagnosis of iron deficiency
in obese individuals may be missed if clinicians rely
primarily on the falsely normal ferritin concentrations,
which are likely increased by chronic inflammation
rather than by iron overload.
How can preoperative ID, with or without anaemia,
be treated?
When body iron stores are depleted, iron supplementation seems beneficial, although the optimal route of
administration remains controversial. Total iron deficit
(TID) can be calculated using the Ganzoni’s formula:
TID (mg) = Weight (kg) x [Ideal Hb-Actual Hb]
(g/dL) x 0.24 + depot iron (500 mg).
According to this formula, a person weighing 70 kg
with an Hb level of 9 g/dL would have a body iron
deficit of about 1,400 mg. Nevertheless, Ganzoni’s formula may underestimate iron depot in males, as in
them it has been consistently reported to be 700-900
mg.49 Thus, a total iron deficit of 1,600-1,800 mg may
be a more realistic estimation for this subject.
Regarding oral iron, early studies indicated that the
co-administration of iron with ascorbic acid (vitamin
C) might be of benefit in enhancing iron absorption,
since, in theory, more ferrous iron is maintained in
solution.50 However reports indicated that such coadministration can induce severe toxicity in the gastrointestinal tract.51 Moreover, intake independent of
meals is recommended for increasing iron absorption
but increases digestive intolerance and, therefore,
decreases compliance. The absorption of oral iron can
be diminished by co-administration of tretracyclines,
proton pump inhibitors and anti-acid medication, phytates (high fibre diets), calcium, and phenolic compounds (coffee, tea).16,51 On the other hand, nonabsorbed iron salts may produce a variety of highly
reactive oxygen species including hypochlorous acid,
superoxides and peroxides that may lead to digestive
intolerance, causing nausea, flatulence, abdominal
pain, diarrhoea or constipation, and black or tarry
stools.52 To avoid the risk of poisoning, other compounds (such as iron polymaltose which has very low
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toxicity and meets the requirements for a food supplement) might be used instead of ferrous salt preparations52 and lower doses (e.g., 50-100 mg of elemental
iron) should be recommended.51 Moreover, in presence
of chronic (e.g., obesity, rheumatoid arthritis, Crohn’s
disease, chronic renal or heart failure, cancer, etc), or
acute inflammation (e.g., trauma, postoperative period,
etc.), the utility of oral iron administration is rather limited, since absorption is usually down-regulated, and
the small amount of iron absorbed is directed to the
RES, where it is sequestered.53
Following the administration of oral iron in the preoperative period, in the absence of inflammation or significant ongoing blood loss and for a maximal absorption of 10 mg per day, it takes 2-2.5 weeks for the Hb to
start rising, 2 months for it to return to normal levels
and 6 months for iron stores to be replete.54 This is an
unacceptable time-frame for most surgical patients. In
these situations, IV iron (which can circumvent the
iron blockade at enterocytes and RES) has emerged as
a safe and effective alternative for perioperative
anaemia management. This takes into consideration
factors such as intolerance of or contraindications to
oral iron, short time to surgery, severe preoperative
anaemia (especially if accompanied by significant
ongoing bleeding or inflammation), or the use of erythropoiesis-stimulating agents.30 As IV iron can allow
for up to a five-fold erythropoietic response to significant anaemia in normal individuals,55 Hb starts rising in
a few days, the percentage of responding patients is
higher and the iron stores are replete. However, as there
are not published data on the preoperative use of IV
iron in obese patients scheduled for bariatric surgery,
we will comment on other surgical patients.
We prospectively evaluated the efficacy of IV iron
administration for correction of anaemia in 84 patients
who were scheduled for major elective surgery (30
colon cancer resections, 33 abdominal hysterectomies,
21 lower limb arthroplasties) and who received preoperative IV iron sucrose during 3-4 weeks (100-200
mg/session, maximum 600 mg/week) as an outpatient
procedure at day hospital or primary health care centre.
Administration of IV iron (1,000 ± 440 mg) caused a
significant increase of Hb levels (2.0 ± 1.6 g/dL; p =
0.001), anaemia was resolved in 58% of patients, and
no life-threatening adverse effect was witnessed.56
As for non-anaemic surgical patients, it has been
shown that oral iron supplementation for 30-45 days in
patients without obvious anaemia scheduled for lower
limb arthroplasty protects against a fall in Hb during
the immediate post-operative period, suggesting a
widespread underlying depletion of iron stores in this
patient population despite a normal Hb.57,58 This has
been corroborated by a study evaluating the prevalence
of anaemia and haematinic deficiencies in 715 patients
undergoing major orthopaedic surgery, where the
prevalence of ID (ferritin < 30 ng/mL) was 29.8% for
anaemic patients (n = 75) and 17.7% for non-anaemic
patients (n = 640).59 Moreover, in another study, 129
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non-anaemic patients scheduled for total knee replacement received 400 mg IV iron sucrose perioperatively,
starting just 48 h prior to surgery. Mean postoperative
Hb drop was 3.8 g/dL, but only 7 patients were transfused. At post-operative day 30, only 15% patients
were anaemic, 91% of pre-operative Hb was recovered
and ferritin increased (+ 62 ng/mL).60
Therefore, as up to 25% of non-anaemic obese
patients may present with ID, IV iron supplementation prior to bariatric surgery may be useful for correcting these alteration and for hastening the recovery
from post-operative anaemia, without depleting iron
stores. However, there might be some safety concerns
regarding the use of IV iron because it has long been
suggested that patients with iron overload are at
increased risk of infection. Data from large populations of patients with chronic kidney disease did not
reveal any statistically significant association
between any level of iron administration and infection or mortality, suggesting that the previously
observed associations between iron administration
and higher infection or mortality risks may have been
confounded.61,62 In contrast, postoperative complications, in particular infections, after abdominal surgery
were reported to be significantly more common in
228 patients with low preoperative serum ferritin than
in 220 patients with normal ferritin; confounders
including Hb level and transfusion were taken into

account in the analysis.63 In addition, a meta-analysis
of 5 observational studies in hip fracture patients (381
patients) revealed that perioperative administration of
IV iron led to a significant decrease in both transfusion rate [relative risk (RR): 0.58; 95% CI: 0.45-0.74;
P < 0.05], infection rate (RR: 0.47; 95% CI: 0.320.69; P < 0.05), and 30d mortality (RR: 0.45; 95% CI:
0,25-0.82; p < 0.001).64
Nevertheless, although no serious life-threatening
adverse events or increase in postoperative infection
rate have been reported in the different studies performed in patients undergoing orthopaedic, gynaecological, colon cancer, or cardiac surgery, the numbers
of patients included in these studies are not large
enough to draw definitive conclusions regarding the
safety of IV iron agents in these patient populations,
and further studies are required.30,53
Postoperative follow-up
In our series, haemoglobin levels were found
decreased in both groups at all time in the follow up
period with respect to preoperative values, but especially 3 month after surgery (immediate postoperative
anaemia due to perioperative blood loss, blunted erythropoiesis due to surgery-induced inflammatory
response, and poor nutrition). Thus, according to WHO

Table III
Prevalence of postoperative iron deficiency (ID) and anaemia in bariatric surgical patients
Author, year (ref.)

n

Type
of surgery

ID
definition

ID prevalence,
n (%)

Anaemia
definition

Anaemia
prevalence, n (%)

Follow-up
(months)

Brolin et al., 199944

348

RYGBP

sFe < 45 μg/dL

164 (47.1)

188 (54.0)

Skroubis et al., 200238

174

Cánovas et al., 200612

74

sFe < 50 μg/dL
Ferritin < 9 ng/mL
ND

49 (28.2)*
63 (36.2)*
9 (12.2)

69 (39.6)*
77 (44.4)*
5 (6.8)

Mean 42
(up to 120)
24
48
6-60

Vargas Ruiz et al., 200845

30

RYGBP (79)
BPD (95)
RYGBP (54)
BPD (20)
RYGBP

Hb < 14 g/dL h
Hb < 12.3 g/dL m
Hb < 13.5 g/dL h
Hb < 11.9 g/dL m
ND

TSat < 15%

Vázquez Prado et al., 200846

110

DS

Hb < 13 g/dL h
Hb < 11.9 g/dL m
Hb < 11.8 g/dL m

Gasteyger et al., 200847

137

RYGBP

14 (46.7)*
19 (63.3)*
11 (10.0)*
16 (14.5)*
ND
ND
ND

24
36
12
24
48
12
24

Coupaye et al., 200939

70
490

2 (10)**
5 (10)**
ND

Toh et al., 200942

77

11 (52.4)**
18 (36.7)**
25 (20.0)**
35 (30.5)**
93 (62.0)**
40 (40.0)**
16 (20.8)

Hb < 11.5 g/dL

Gracia et al., 200948

AGB (21)
RYGBP (49)
AGB (125)
RYGBP (115)
BPD (150)
M-BPD (100)
RYGBP (58)

sFe < 60 μg/dL
Ferritina < 7 ng/mL
Ferritina < 19 ng/mL
sFe < 60 μg/dL
sFe < 70 μg/dL
Ferritin < 30 ng/mL
sFe < 60 μg/dL
TSat < 20%
ND

12 (40.0)*
16 (53.3)*
36 (32.7)*
27 (24.7)*
28 (25.4)*
53 (38.7)*
82 (59.9)*

12
12
Mean 120
Mean 48
Mean 84
Mean 84
12

sFe < 50 μg/dL

ND

ND

Hb < 13 g/dL h
Hb < 11.9 g/dL m

12 (15.6)

RYGBP, Roux-en-Y gastric bypass; BPD, biliopancreatic diversion; , AGB, adjustable gastric banding; DE, duodenal switch; SV, sleeve gastrectomy; ND, no definition;
sFe, serum iron; sTfR, serum transferrin receptor; Hb, haemoglobin. * According to follow-up time; **According to type of surgery
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criteria, the prevalence of anaemia increased significantly along the 24-month follow-up period after the
intervention, although this increase was more pronounced in the MBS group than in the RBS group: 34%
vs 9% at 3 months (p = 0.003), 33% vs 17% (p = 0.067)
at 6 months, 42% vs 17% at 12 months (p = 0.010), and
52% vs 23% at 24 months (p = 0.036).28 As shown in
Table III, our data on the prevalence of anaemia are in
concordance with those reported in some studies,38,44,45
but not with those reported in others.12,39,42,46,65-67 However, data on the prevalence of postoperative ID seem
to be more consistent (30%-60%, table III). Part of the
observed discrepancies may be due to differences in
the population studied, the type of intervention, the
macro- and micronutrient supplementation, and the
duration and quality of the follow-up.
Nevertheless, the most common causes of anaemia
occurring in the late postoperative postoperative period
are iron, vitamin B12 and folate deficiencies, in despite
of all patients are supposed to take oral supplements of
vitamins and micronutrients. Together with obesityand surgery-related inflammation, leading causes of
hypoferraemia after bariatric surgery, which contribution may vary depending on the type of procedure,
include lower intake of haeme iron due to avoidance of
alimentary sources (meat, fish, shellfish, viscerae, etc),
low solubilisation of inorganic ferric iron due to diminished gastric acid secretion, and exclusion of the duodenum where most absorption of inorganic and haeme
iron occurs, although chronic gastrointestinal blood
loss and iron-losing enteropathy may also play a role.6870

In our series, deficiencies of B12 were also frequent at
the end of the follow up period (18%).28 This deficiency
is most probably due to a failure of separation of vitamin B12 from animal protein foodstuffs and/or absorption of vitamin B12, since intrinsic factor is not present.
Although the body storage of vitamin B12 is substantial
(about 2,000 mg) compared to the small daily needs (2
mg/day), deficiency may develop in the late postoperative period. To avoid deficiency, monthly administration of 1 mg of vitamin B12 im should be recommended.
In the case of overt deficiency, patient should receive 1
mg/day im for 5-10 days, followed by monthly administration of 1 mg im, as well as iron and folic acid to
cover the demand of increased erytrhopoiesis. In contrast, deficiency of folate affected only to 3.6% of
patients (probably because, as stated above, folate can
also be absorbed across the colon). Overall, our data
are in agreement with those of most previously published studies,34,69-72 and stressed the need for a tight
postoperative follow-up of these patients.
How can postoperative ID, with or without anaemia,
be treated?
Regarding iron supplementation, currently available
evidence does not support the efficacy of postoperative
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oral iron after major surgery: in five randomized controlled trials (RCTs) (four after orthopaedic surgery
and one after cardiac surgery), postoperative administration of oral iron failed to increase Hb levels,53 and in
one prospective study of patients undergoing RYGB
was observed that no patient with severe anaemia
(defined as a haemoglobin < 10 g/dL) responded to oral
treatment alone.44 In contrast, the efficacy and safety of
treatment with intravenous iron for postoperative
anaemia was prospectively assessed 52 gynaecological
surgery patients (46% abdominal hysterectomy; 21%
myomectomy) with Hb levels less than 10 g/dL, who
received 3 × 200 mg doses of intravenous iron sucrose
administered on consecutive days. Fifteen days after
the last dose Hb was increased by 2.7 g/dl (95% CI 2.23.1; P < 0.001), and only one patient had side-effects
(pain at the injection site).73 Similarly, data from 3 randomized controlled trials in patients with inflammatory
bowel disease (IBD)74-76 showed that, the mean
response of IBD-associated anemia (as defined by an
Hb increase ≥ 2 g/dL or Hb normalization) to the treatment was 72.5% (143/198) for IV iron vs 58.2% for oral
iron (71/122) (Odds Ratio = 1.87; 95% CI 1.13-3.09; p =
0.0097). Thus, for IBD patients, IV iron is effective, safe,
well tolerated, provides a fast Hb increase and refill of
iron stores, and presents a lower rate of treatment discontinuation than oral iron. Once again, the published information regarding the use of IV after bariatric surgery is
rather scant. Nevertheless, in the few case reports available, IV iron sucrose administration to patients with persisting anaemia after bariatric surgery resulted in a rapid
and complete normalization of Hb levels and iron laboratory parameters.70,77,78 In this regard, it is worth noting that
monitoring should continue indefinitely even after the
initial repletion of iron stores and the resolution of
anaemia, and maintenance IV iron treatment should be
provided as required.
On the other hand, iron is not only required for erythropoiesis and oxidative metabolism. Cellular
immune responses are also dependent on the presence
of iron, and specific defects in cell-mediated immunity
have been described in detail, even in mild ID, including the impaired proliferation and function of lymphocytes and natural killer cells, and a depressed neutrophil respiratory burst.79,80 Thus, ID or FID may lead
not only to a blunted erythropoiesis and chronic fatigue
but to an inappropriate immune response as well. For
this reason, it is not surprising that systemic inflammatory response episodes last longer in critically ill
patients with FID, and resulted in prolonged stay at the
ICU and increased morbidity.81 On the other hand, the
effectiveness of the administration of iron sucrose,
alone or in combination with EPO, was assessed in a
population of anaemic critically ill patients.82 Compared
to those in the control group who only received folic
acid, patients treated with iron sucrose experienced an
amelioration of systemic inflammatory response
(decreased CRP levels). These beneficial effects were
not as evident in patients receiving iron sucrose plus

Nutr Hosp. 2009;24(6):640-654

649

recombinant human erythropoietin (rHuEPO), probably
owing to persistence of FID caused by the rHuEPOenhanced erythropoietic activity.
Hence, it is possible to speculate that in bariatric surgical patients the correction of postoperative ID by
administering IV iron may not only contribute to
improve the erythropoietic response and energy level,
but also to reduce systemic inflammation by restoring
an adequate immune response. Therefore, the low incidence of serious side-effects and the rapid recovery of
Hb levels make IV iron a safe, effective option for
treating postoperative anaemia and prevent further ID
in this patient population.
Case study reports on treatment of late anaemia
after bariatric surgery

In February 2008, she complanied of intense asthenia,
but haematological parameters and iron studies were
normal. We continued with the same iron supplementation regimen, and planned a visit in 4 months to evaluate
the need for a higher iron dose. In July 2008, haematological parameters and iron studies continued to be normal (except for low TSAT) (table IV). Therefore, we
continued the same replacement therapy and planned a
control visit in 6 months. In December 2008, she was
hospitalised because anastomotic bleeding (ulcer). In
February 2009, normal haematological parameters and
iron studies were observed (except for low TSAT and
high vitamin B12 levels) (table IV). We scheduled IV iron
(200 mg/6 months) plus a reduced B12 supplementation
(1 mg/3 months, im) and control visit in 6 months, to
ascertain whether she recovers from the iron loss presumably induced by her bleeding ulcer.

Case study #1
Case study #2
A 46-year-old premenopausal woman who underwent gastric bypass surgery (Sugerman) at our institution in November 2002. In 2004, she presented with
IDA, was treated with IV iron (600 mg Venofer) and
discharged with a Hb of 12.9 g/dL.
In August 2005, she presented again with IDA (table
IV), and referred episodes of hyper menorrhea. IV iron
sucrose replacement therapy was implemented and she
received 1,600 mg IV iron over 3 months (200
mg/week during the first month, 200 mg every other
week during the second and third months). 15 days
after the last dose she presented with normal Hb and
ferritin levels, but very low vitamin B12 levels (table
IV). We scheduled Vitamin B12 im (1 mg/week for one
month, and 1 mg/month thereafter) plus 200 mg IV
iron/3 months. In June 2006, haematological parameters and iron studies were normalized (table II), but she
still complained of hyper menorrhea. We scheduled IV
(200 mg/4 months) plus monthly vitamin B12 (1 mg,
im) and control visit in one year. In June 2007, haematological parameters and iron studies were normal
(table IV). We then scheduled IV iron (200 mg/6
months) plus monthly B12 (1 mg, im) for one year.

A 50-year-old premenopausal woman who underwent vertical gastroplasty at another hospital in October 2003. Her medical history was significant for psoriasis and psoriatic arthritis, and she received
methyl-prednisolone, metotrexate, infliximab, tramadol and non-steroidal anti-inflammatory drugs
(NSAIDs).
In February 2006, she was referred to the haematologist because severe IDA (table V). We started IV iron
replacement therapy (Venofer, 200 mg/week, 4
weeks). After 4 IV iron doses (800 mg), her Hb was
10.3 g/dL, and we continued with IV iron for another 4
weeks. Ten days after the last Venofer dose (overall
1,600 mg), haematological parameters and iron studies
were normalized (table V). She was monitored 3
months later and life-long maintenance IV iron (200
mg/6 month) with annual follow-up was prescribed.
In April 2007, haematological parameters and iron
studies continued normal, in despite of the presence of
inflammation (high CRP) due to her psoriasis (table
V). On June 2008 and April 2009, she presented with
mild anaemia compatible with ACD (hypoferraemia,

Table IV
Hematological parameters and iron studies from case study #1
Month/Year

2/2006

Hb (g/dL)
MCV (fL)
Iron (μg/dL)
TSAT (%)
Ferritin (ng/mL)
Folate (ng/mL)
B12 (pg/mL)
CRP (mg/dL)

7.8
67
18
5
20
9.9
653
–

5/2006
13.5
88
87
38
87
–
–
0.6

4/2007

6/2008

4/2009

13.4
89
55
19
138
15.4
422
4.9

11.5
89
40
13
182
13.4
437
1.3

11.7
86
34
12
189
19.6
712
2.8

Hb: Haemoglobin; MCV: Mean corpuscular volume; TSAT: Transferrin saturation; CRP: C-reactive protein.
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Table V
Hematological parameters and iron studies from case study #2
Month/Year
Hb (g/dL)
MCV (fL)
Iron (μg/dL)
TSAT (%)
Ferritin (ng/mL)
Folate (ng/mL)
B12 (pg/mL)
CRP (mg/dL)

8/2005

11/2005

6/2006

6/2007

7/2008

2/2009

10.9
79
15
7
4
–
–
–

14.0
87
95
27
154
5.4
36
–

13.2
90
75
21
57
6.8
235
–

13.6
92
87
24
43
7.1
185
0.2

12.1
88
54
14
136
6.6
251
–

12.8
80
26
6
69
5.3
1,643
1.7

Hb: Haemoglobin; MCV: Mean corpuscular volume; TSAT: Transferrin saturation; CRP: C-reactive protein.

low TSAT, high CRP). She will be now monitored
every 3 months to evaluate if IV iron should be
rescheduled or rHuEPO added to anaemia treatment.
Case study #3
49-year-old woman who underwent RYGB in 2005
U.H. Miguel Servet (Zaragoza). In March 2009, her
body weight was 65 kg and she was scheduled for a
knee replacement surgery, and referred to our blood
saving programme (BSP).
Upon admission to BSP, laboratory evaluation
showed a clear IDA (Hb 9.4 g/dL, MCV 70 fL, MCH
23 pg, TSAT 2%, Ferritin 8 ng/mL, sTfR/log Ft index
3.7). According to Ganzoni’s formula, total iron deficiency of 1375 mg and she received iron sucrose in 5 x
300 mg/session over 15 days. Twenty days after the
initiation of iron therapy, haematological parameters
normalized (Hb 12.1 g/dL, MCV 84 fL, MCH 28 pg,
TSAT 27%, Ferritin 116 ng/mL, sTfR/log Ft index
0.9). In April 2009, she underwent surgery uneventfully, and no allogeneic blood transfusion was
required. She will now be periodically monitored by
the haematologist.
Comments on guidelines for management of
haematinic deficiency and anaemia in bariatric
surgical patients
Although no standardized nutrition guidelines are
available for use in bariatric surgery in Spain,83 the
most recent Interdisciplinary European Guidelines on
Surgery for Severe Obesity,84 and the American Guidelines for Clinical Practice for the Perioperative Nutritional, Metabolic, and Nonsurgical Support of the
Bariatric Surgery Patient85 give same recommendations regarding patient’s follow-up and vitamins and
micronutrient supplementation. The European guidelines have been elaborated by the Bariatric Scientific
Collaborative Group panel appointed through joint
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effort of the major European Scientific Societies which
are active in the field of obesity management. The
American guidelines have been developed by the
American Association of Clinical Endocrinologists,
the Obesity Society, and the American Society for
Metabolic and Bariatric Surgery, and they have been
fully endorsed by the American Society for Parenteral
and Enteral Nutrition. Briefly, the recommendations
provided in these guidelines in regard to the diagnosis
and treatment of hematinic deficiency and anemia
(together with some personal comments), include:
A. Preoperative assessment
1. The preoperative evaluation must include a comprehensive medical history, physical examination, and
appropriate laboratory testing (Recommendation 11;
Grade A) (mechanick) (Comment: Preoperative
assessment of patients should include a complete
haematological and biochemical laboratory work-up,
including full blood counts measurement of iron stores,
vitamin B12 and folate).30,41
2. There is inconsistent evidence to recommend
routine screening for the presence of Helicobacter
pylori before bariatric surgery (Recommendation 41;
Grade D)85 (Comment: Helicobacter pylori screening
might be recommended in patients presenting with preoperative anaemia or iron deficiency).
3. All patients should undergo an appropriate nutritional evaluation, including selective micronutrient
measurements, before any bariatric surgical procedure.
In comparison with purely restrictive procedures, more
extensive perioperative nutritional evaluations are
required for malabsorptive procedures (Recommendation 47; Grade C).41,85
B. Postoperative follow-up
1. Follow-up consultation schedule may vary
according to the type of bariatric procedure, but a gen-
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eral recommendation might be: every 3 months after
the operation in the first postoperative year, every 6
months in the second year, and annually thereafter
(Fried, Mechanick).
2. Minimal laboratory evaluations for anaemia and
haematinic deficiency should include:
a) Complete blood cell count.
b) Serum levels of vitamin B12, folate, and serum
iron, transferrin and ferritin84,85 (Comment: CRP levels
should also be evaluated if ACD is suspected, and sTfR
measurement added when necessary for the diagnosis
of ACD + ID).
3. Lifelong daily vitamin and micronutrient supplementation (Comment: Although the relevance of low
vitamin B12 and folic acid in the absence of symptoms, it
does not seem prudent to wait until the patient presents
with signs of irreversible neurological damage to initiate the administration of these hydrosoluble vitamins,
which do not confer any risk to the patient. Nevertheless, although there seem to be no problems with oral
folic acid supplementation, vitamin B12 supplementation should be better accomplished by administration
of 1 mg/mo or 3 mg every 6 mo, intramuscularly).83,85
4. Specific instructions for iron supplementation are
not provided in the European guidelines,84 whereas the
American guidelines recommend daily intake of 40-65
mg of elemental iron with vitamin C to prevent iron
deficiency in patients who have undergone a malbasorptive procedure, especially in menstruating women
(Grade A)85 (Comment: As stated above, ID is most
prevalent bariatric surgical patients, it may be already
present prior to surgery or take months or years to
develop postoperatively. Therefore, postoperative iron
supplements should be given to all bariatric surgical
patients, but compliance with oral iron is no good. In
addition, once ID has developed, it may prove refractory to oral treatment, and require parenteral iron,
blood transfusions, or surgical interventions to stop
sources of bleeding. Monitoring should continue indefinitely even after the initial repletion of iron stores and
the resolution of anaemia, and maintenance IV iron
treatment should be provided as required. The American guidelines recommend intravenous iron infusion if
oral iron is ineffective at correcting ID (Grade D).85
New IV preparations, such ferric carboxymaltose, are
safe, easy to use and up to 1000 mg can be given in a
single session, thus providing an excellent tool to avoid
or treat ID in this patient population).
5. Additional supplementation should be adjusted
according to the patient’s laboratory test results (Comment: a retrospective study of 137 obese patients after
RYGB surgery showed that the proportions of patients
receiving specific supplements at 2 year of follow-up
were high. Vitamin B12 was the most frequently prescribed supplement [80%], followed by iron [60%],
calcium-vitamin D3 [60%], and folic acid [45%].
Therefore, these data stressed the need for careful
postoperative follow-up to detect and treat vitamin and
micronutrient deficiencies).47
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6. Finally, nutritional anaemias resulting from malabsorptive bariatric surgical procedures might also
involve deficiencies in protein, copper, and selenium,
necessitating evaluation of these nutrients when routine screening for iron (including H. pylori testing), vitamin B12, and folic acid deficiencies is negative (Recommendations 121 & 142; Grade C).85
In conclusion, preoperative anaemia and haematinic
deficiencies are common among obese patients scheduled for bariatric surgery. In despite of oral iron and
vitamins supplement administration, the prevalence of
anaemia and haematinic deficiencies increases after
surgery, and patients undergoing MBS are more at risk
than those undergoing RBS. However, long-term follow-up data in regard to incidence, severity, and causes
of anaemia are mostly absent. Therefore, a comprehensive lifelong follow-up programme is needed to detect
these and other nutrient deficiencies and implement the
appropriate treatment. In this regard, post-operative
iron and B12 deficiencies could be avoided administering parenteral rather than oral supplements.
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