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Obesity and anemia are increasing prevalence around the globe. They can
interplay and are both associated with high morbidity and poorer clinical
outcomes. Inflammation and iron deficiency are important contributors to
anemia in obese patients. Furthermore, obesity surgery can trigger high blood
loss, increased demand for blood transfusions and long-term nutrient
deficiency. Patient blood management programs have been crucial in improving
patients’ clinical results whilst minimizing costs in many different settings, such
as orthopedic surgery, cardiovascular surgery, pregnancy and intensive care unit
patients. In this mini-review, we will discuss applications of patient blood
management principles in caring of obese individuals during the patient journey.
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Introduction

The World Health Organization (WHO) describes obesity as one of the most blatantly
visible, yet most neglected, public-health problems that threatens to overwhelm both more
and less developed countries (1). Overweight and obese, defined by body mass index
(BMI) between 25 and 30 kg/m® and over 30 kg/m* respectively, are present in over 40%
of the adult population and around 20% among children and adolescents in many
countries of the globe (1-3). This disease is associated with increased morbidity and
mortality, mainly secondary to cardiovascular disease, diabetes type 2, osteoarthritis and
cancer (1-4). High BMI is among the top five risk factors in terms of attributable deaths
and disability-adjusted life-years (4). Although new insights have contributed to the
understanding of the complex underlying mechanisms of the disease, its prevention and
treatment are still an immense challenge to health systems (1, 5).

In a similar way, anemia is also a world-wide problem, affecting 1.95-2.36 billion people.
Anemia is associated with reduced work productivity, impaired neurocognitive development,
diminished quality of life, and increased adult and child morbidity and mortality (6). In the
pre-operative and in-hospital settings, anemia rates can reach up to 40% and 74% of the
patients respectively, and it is associated with worse clinical outcomes, such as increased
risk of blood transfusions, intensive care admissions, length of hospital stay, morbidity
and mortality (6-8).

The objectives of this article are to discuss the points in the patient journey where obese
patient can be found to be anemic, the causes of anemia, strategies to minimize the risk of
anemia development, and currently available treatments.
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Anemia definition and causes

According to the WHO definition, women with hemoglobin
(Hb) <12.0 g/dl and men with Hb<13.0g/dl are considered
anemic (9). However, some argue that a new definition of
anemia is needed in the context of high-blood-loss surgery,
because preoperative Hb below 13 g/dl may increase morbidity,
mortality and transfusion, regardless of sex (8).

Iron deficiency is the most common cause of anemia, followed
by chronic inflammation and renal disorders (7).

Iron deficiency anemia (IDA) can be secondary to high
demand or reduced intake of this nutrient. (Table 1) Iron
deficiency is most commonly defined by a serum ferritin <30 pg/L.
Previous studies have shown that this cut-off is associated with
high sensitivity (92%) and specificity (98%). However, ferritin is
an acute-phase reactant which means it can be elevated in the
presence of inflammation (8). If there are increased inflammatory
markers, such as C-reactive protein, a ferritin of 30 to 100 ug/L
and a transferrin saturation <20% can still be used to diagnose
IDA (10).

Anemia of chronic inflammation (ACI) is regarded as the most
frequent anemia in hospitalized and critically ill patients (11).
Many disorders are associated with this condition, including
infection, autoimmune diseases, cancer, and various chronic
diseases of the kidney, heart, and lung.(11) One possible
underlying mechanism is a combination of interleukin-induced
hepcidin blockage of duodenal iron absorption, and iron
accumulation in the reticuloendothelial cells as a result of
shortened erythrocyte life-span plus inflammation-suppressed
erythropoiesis (11-13).

Anemia in obese patients

Anaemia and iron deficiency are common, so all obese patients
should be evaluated for them, with particular attention to those
undergoing surgery (13-16). In the specific setting of pre-
bariatric surgery, the prevalence of anemia ranges from 6.1% to
22% (12). Gowanlock et al. showed that just before weight-loss
surgery, 12% had anemia and 19% had iron deficiency (17),
though it may be counterintuitive that an obese individual can
develop a nutritional deficiency involving iron. The precise
relationship between these obesity and iron remains unclear.
Zhao et al. performed a meta-analysis of 13,393 overweight/obese
and 26,621 non-overweight participants. The obese patients had

TABLE 1 Common causes of anemia. Adapted from Lin et al. (7).

‘ Too much iron out Too little iron in

Blood loss: gastrointestinal neoplasia, | Poor intake: iron-poor diet, vegetarian,
hypermenorrhoea, blood donation vegan

Physiological demand: Pregnancy, Decreased absorption: Celiac disease,

children rapid growth and/or puberty | Helicobacter pylori, Inflammatory bowel
disease, atrophic gastritis, gastrectomy,
gastric bypass, drugs (antacids, proton

pump inhibitors)
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lower serum iron concentrations, lower transferrin saturation,
and significantly increased risk of iron deficiency (OR: 1.31) (14).
Farhangi et al. reported that obese females (BMI > 30 kg/m?) had
lower Hb (12.5+1.0 g/dl vs. 13.0+0.9 g/dl, p=0.02) than non-
obese counterparts (15). On the other hand, Arshad et al. found
no correlation between severely obese patients (BMI>40 kg/mz)
and anemia (16).

Anemia can be due to other causes. Chronic, mild systemic
inflammation is a feature of obesity. Excessive adipocyte tissue
promotes immune activation, macrophage infiltration, release of
pro-inflammatory cytokines, reduction in anti-inflammatory
mediators, and dysregulation of free fatty acid release. Activation
of the inflammatory response stimulates the synthesis and release
of acute phase mediators, such as C-reactive protein, interleukin
(IL)-6, IL-1, IL-8 and tumour necrosis factor-o, leading to
imbalance on duodenal iron

hepcidin absorption and

sequestration in macrophages (12, 13).

Anemia and surgery for obesity

Obesity treatment is complex and multidisciplinary. The aims
include reduction of health risks and promotion of weight loss,
while preventing weight regain. Possible interventions are lifestyle
modification, dietary change, medication and surgery (18, 19).

Surgery has clear benefits but can increase the likelihood of
anemia in this already at-risk population. Surgery is the most
effective treatment for morbid obesity in terms of long-term
weight loss, improvement of co-morbidities and quality of life,
and decrease in mortality (18, 19). As a result, there has been a
steep increase in the number of bariatric procedures performed
worldwide. In 2018, approximately 252,000 bariatric procedures
were performed in the USA (18). Several techniques have been
developed, with sleeve gastrectomy (SG) and Roux-en-Y gastric
bypass (RYGB) being the most frequent (18, 20). The adjustable
gastric band (AGB) and biliopancreatic diversion (BP) are less
commonly employed. Kizy et al. reported on a large number of
bariatric surgeries performed in the USA from 2012 to 2015, SG
accounted for 63% of procedures compared to 30% and 2% for
RYGB and AGB, respectively (21). The preference for SG is
related to lower complication rates, whilst achieving similar
weight-loss to other procedures (21). According to the Metabolic
and Bariatric Surgery Accreditation and Quality Improvement
Program (MBSAQIP) data registry, SG had approximately half of
the risk-adjusted odds of mortality, serious morbidity, and leak
in the first 30 days compared with RYGB (20).

After metabolic surgery, nutrient deficiency and anemia are
frequently reported. According to a recent report from the
American Society of Haematology, people who have undergone
bariatric procedures show the highest risk for anemia, with 33%-
49% presenting with anemia within 2 years after the surgery
(22). Among those patients, the ones having SG and RYGB, were
diagnosed with post-operative anemia in around 17% and 45%,
respectively (23).

Nutritional anemia resulting from bariatric procedures can
involve deficiencies in vitamin B12, folate, and iron, with the
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latter responsible for most cases. Around 30%-43% of patients will
develop iron or vitamin B12 deficiency after SG and RYGB (17, 24).
Moreover, 19%-35% of the patients develop vitamin B12 deficiency
in 5 years after RYGB. Compared with the SG group, the odds ratio
for postoperative vitamin B12 deficiency in the RYGB patients was
3.55 (p<0.001) (25).

Nutrient deficiency can occur quite a long time after surgery,
with a median reported interval of 42.5 to 51 months (26). For
example, one Canadian study of 388 patients showed that 6
months after surgery, 17% and 3% of the patients presented with
iron deficiency and iron deficient anemia (IDA), respectively.
After a mean follow-up of 2.5 years, 43% had developed iron
deficiency and 16% IDA (17). The delayed presentation of
anemia has led bariatric surgery guidelines to recommend
monitoring iron studies every 3 to 6 months in the first
postoperative year and annually thereafter (20, 27).

Minimizing blood loss

Blood loss during surgical procedures is independently
associated with an increased risk of poorer clinical outcome (27).
Initiatives such as hemostatic agents, and minimally invasive
surgical procedures can minimize bleeding and reduce the risk of
subsequent anemia and transfusion (8).

Some of these hemostatic agents, such as antifibrinolytics have
been used since the 1960s for menstrual bleeding and hereditary
bleeding disorders. Recently, it has been studied in acute trauma,
postpartum  hemorrhage,  gastrointestinal  bleeding  and
intraoperative. Tranexamic acid (TXA), currently the most used
antifibrinolytic agent, is a synthetic lysine analog that inhibits the
activation of plasminogen to plasmin thereby stabilizing the clot.
It has a terminal half-life of around 2 h and it is excreted in the
urine. In many clinical situations, the risk of thromboembolic
events is not increased, but its use should be avoided in patients
with hematuria, active intravascular clotting and thromboembolic
disease (28). Although the causality and pathophysiological
mechanism are unclear, TXA use is associated with improvement
in clinical outcomes in acute trauma, postpartum hemorrhage
and orthopedic surgery (29-31). In metabolic surgery, around
2%-4% of patients experience bleeding, with 3% requiring
reoperation (32). Tranexamic acid has been reported to reduce
the incidence of bleeding, surgery duration, hospital length of
stay, without increasing thromboembolic events (32-34). A meta-
analysis suggested that a dose of 1 g of TXA given at anesthetic
induction might be as effective as higher doses (35). Therefore,
TXA may be used in patients who have documented fibrinolysis
based on viscoelastic testing. The appropriate dose is unclear and
needs to be evaluated.

A variety of bariatric procedures are available, and detailed
comparison between them is beyond the scope of this article.
Briefly, it has been demonstrated that less invasive techniques
such as laparoscopic procedures, can improve clinical outcomes
and be performed safely (36). Laparoscopic bariatric surgery has
been associated with lower morbidity, mortality, and time to
discharge (37). The safety profile with maintained weight-loss
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efficacy has boosted the frequency of laparoscopic bariatric
procedures from 63% in 2002 to over 90% in 2008 (37).
Therefore, laparoscopic techniques should be the preferred
approach in the weight-loss surgery context.

Anemia treatment

To minimize the consequences of anemia, treatment can be
given to directly increase the red cells, such as transfusion, iron
therapy, and B12/folate supplementation. Treatment can also be
tailored to the underlying mechanism of the disease. These
approaches will be discussed separately.

Blood transfusion

RBC transfusions can be life-saving, but they should be used
judiciously and unnecessary transfusion is to be avoided because
of potential infectious and noninfectious adverse events (38).
Defining when transfusion is clinically appropriate has been the
focus of efforts around the globe. Some use a combination of
measured parameters, such as hemoglobin level, clinical signs
and symptoms, the availability of other anemia therapies, and the
presence of risk factors for hemorrhage (39). Several studies have
looked at liberal threshold Hb<9.0 g/dl) vs.
restrictive (transfusion threshold Hb <7-8.0 g/dl) transfusion

(transfusion

policies in diverse clinical settings (39-49). Systematic reviews
and meta-analyses of randomized controlled trials found that the
restrictive approach has a similar or superior outcome compared
to the liberal transfusion strategy (39, 50). Consequently,
restrictive strategy is supported by current guidelines (38, 51)
(Table 2).

Iron

Oral iron is the preferred treatment in the majority of patients
with IDA (7, 18). The recommended daily dose for adults is 100 to
200 mg of elemental iron, and for children 3 to 6 mg/kg of body
weight (18, 52, 53). It should be taken on an empty stomach and
with agent to enhance absorption, such as vitamin C (7, 52).
However, ingestion of the medication without a previous food
consumption may increase its side effects, including nausea,
epigastric discomfort, abdominal cramps, and constipation (54).

TABLE 2 Summary of recommendations from AABB and PBM consensus
conference (38, 51).

AABB PBM
Guidelines Consensus

Critically ill but stable patients Hb <7.0 g/dl Hb<7.0 g/dl
Undergoing Cardiac surgery Hb < 8.0 g/dl Hb<7.5g/dl
Orthopedic surgery and cardiovascular Hb < 8.0 g/dl Hb <8.0 g/dl
disease or other risk factor

Cardiovascular disease Hb < 8.0 g/dl -
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Since the majority of patients experience adverse events from
oral iron, adherence is a critical issue. Compared to conventional
daily dosing, alternate-day dosing is associated with fewer
gastrointestinal side effects and reduced hepcidin levels which
promote iron absorption (53, 55). Conditions associated with
iron malabsorption such as chronic use of proton pump
inhibitors, celiac disease, atrophic gastritis and bariatric surgery
may make patients unsuitable for oral iron (52).

Some patients having bariatric surgery have impaired iron
absorption because of anatomical changes, blood loss and red
meat intolerance, however, around 65% can still benefit from oral
iron formulations (56).

For patients where IV iron is the preferred alternative because
of lack of tolerance or effectiveness of oral iron, many products are
available. Current formulations are well tolerated and effective, but
users should be aware that iron content, maximum dose per
infusion and infusion rate differ between products (57).

Occasionally adverse events are seen with the IV products.
Hypophosphatemia is a common problem, especially with iron
polymaltose and ferric carboximaltose (57). As clinical symptoms
of hypophosphatemia are not frequent, serum phosphate levels
should be monitored (57).

The optimal dosage of IV iron can be calculated with Ganzoni’s
equation (58):

Total iron dose (mg) = [actual body weight x (15 — actual Hb)]
x 2.4 4+ 500

(Units: actual body weight kg; actual Hb g/dl; the “500” refers to
iron stores, in mg, for individuals with a body weight greater than
or equal to 35 kg).

Specific product documentation can provide alternatives doses
and schedules.

Anemia in the preoperative setting is considered a relative
contraindication to elective surgery (51, 59). Therefore, when
possible, anemia identification and treatment before the surgery
is considered the standard of practice (59). When IDA is
diagnosed, oral iron should be the first option when there is
enough time available for improvement until the surgery
(>6 weeks) (7). However, when the anemia is severe and/or there
is a shorter time until the surgery, IV iron might be helpful (7).

In a systematic review of perioperative IV iron, an increase in
hemoglobin was noted in 11 of 17 studies and a decrease in
transfusion was noted in 8 of 13 studies with the strongest
evidence for preoperative use (60). However, the clinical impact
of this increase on an improvement of patient’s long-term
outcomes is uncertain (7, 61). Recent studies have shown
conflicting evidence. In a meta-analysis evaluating 936 patients
with anemia in the preoperative setting for cardiovascular
surgery, IV iron did not reduce the transfusion requirements but
was associated with decreased mortality (62). On the other hand,
the PREVENT trial, found no difference between groups in
terms of red cell transfusion and 30-day mortality, despite
observing a beneficial effect on the Hb in the iron group. The
design of the trial could explain some of the contradictory
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results. PREVENTT randomised 487 patients with anemia, who
were scheduled to undergo major elective abdominal surgery
(63). There was a relatively short time from iron infusion to
surgery (median of 15 days) meaning the benefit of IV iron was
not fully realised. Furthermore, including patients with anemia
(due to any cause) rather than just iron deficiency anemia would
lead to a heterogeneous group with some who would not be
expected to respond to iron.

It appears that IV iron is effective in improving anemia, but its
long term impact on clinical outcomes is still unclear and should be
addressed in the future trials.

Vitamin B12 and folic acid

Vitamin B12 absorption depends on an acidic environment
and gastric parietal cell-derived intrinsic factor which are altered
after SG and RYGB. The average storage of Vitamin B12 is
enough to maintain reasonable levels for up to two years, thereby
delaying Vitamin ~ B12
supplementation is recommended as prophylaxis after the

presentation  of  deficiency.
surgery and also as treatment when deficiency is established.
When deficiency and neurological symptoms are present vitamin
B12 1 mg intramuscularly on alternate days should be given until
there is no further improvement, then administered every 2
months. In individuals without neurological symptoms, vitamin
B12 1mg intramuscularly three times per week for 2 weeks
should be given. After the initial treatment, patients should
receive a maintenance dose of 1mg vitamin B12 every 2-3
months (18).

Folic acid absorption takes place in the small bowel, so it is
most affected by RYGB and duodenal switch procedures. Folic
acid deficiency can also occur after SG, because of non-
adherence with the multivitamin and mineral supplements, or
other causes of malabsorption. Treatment consists of oral folic
acid 5 mg per day for 4 months (18).

Treatment of Anemia of inflammation

Anemia of Inflammation (AI) has variable origins and
treatment should target the underlying condition and its effects
on iron metabolism and erythropoiesis. A couple of treatment
options can be considered.

Recombinant erythropoiesis-stimulating agents (ESAs) have
been used successfully for the treatment of AI, stimulating the
red blood cell production by the bone marrow, especially in
patients with cancer or renal failure. Widespread use is not
recommended because of the increased morbidity reported in
some studies. Nonetheless, ESAs remains approved for certain
indications, including anemic patients undergoing major non-
cardiac surgery (11).

Iron replacement can be useful when there is absolute
(combined AI and IDA) or relative iron deficiency (iron
sequestered in the reticuloendothelial system). Oral iron can be
effective in combined anemia. On the other hand, IV iron can be
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a better choice in specific situations as chronic heart failure and
inflammatory bowel disease (11). Although obesity associated-Al
can be similar to previously described diseases associated Al the
optimal strategy for managing it, is still based on the treatment
of obesity itself, as there are no clinical trials exploring the ESAs
and iron replacement in this specific group of patients.

Discussion

Despite increased understanding of the pathophysiology, the
prevalence of obesity and its negative impact on patient
outcomes are continuously arousing concern worldwide, both at
the level of the individual and the broader health service. In this
review, we discussed briefly how patient blood management
strategies could be used to help obese patients achieve better
clinical outcomes. Initiatives like anemia screening and its early
treatment, active use of haemostatic agents, and less invasive
surgical approaches, can transform high risk clinical scenarios
into ones with low morbidity and mortality.

However, what might be the optimal treatment(s) remains to
be an open question. In fact, it is still challenging to treat
obesity-associated anemia of inflammation, where iron
replacement can improve the results, but frequently it is not
enough to solve the problem. Research is needed to better
understand the roles of pro-inflammatory agents and iron
hemostasis in this setting to inform development of new drugs.
Another outstanding issue is lack of non-invasive surgical
procedures for morbid obesity patients. Currently available

procedures can lead to high weight loss but carry significant
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