Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v16.i15.1867

World J Gastroenterol 2010 April 21; 16(15): 1867-1870
ISSN 1007-9327 (print)

© 2010 Baishideng. All rights reserved.
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Incidence and risk factors for the development of anemia
following gastric bypass surgery
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cal procedure and co-morbidities. Menstruation (P =
0.02) and peptic ulcer disease (P = 0.01) were risk
factors for the development of post-operative anemia.
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CONCLUSION: Iron deficiency anemia is frequent.
RYGB surgery compounds occult blood loss. Increased
ferrous sulfate supplementation may prevent iron depletion in populations at increased risk.
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Abstract
AIM: To evaluate the incidence and risk factors for the
development of anemia after Roux-en-Y gastric bypass
(RYGB).

INTRODUCTION

METHODS: A retrospective analysis of patients undergoing RYGB from January 2003 to November 2007 was
performed. All patients had a preoperative body mass
2
index > 40 kg/m . A total of 206 patients were evaluated. All patients were given daily supplements of ferrous
sulfate tablets for 2 wk following their operation. Hematological and metabolic indices were routinely evaluated
following surgery. Patients were followed for a minimum
of 86 wk.

Morbid obesity is one of the most common causes of
morbidity and mortality in Western countries, and its
incidence is rising with unpredictable consequences. It
has been estimated that in the next 20 years, 40% of the
population in the United States will be morbidly obese
with a body mass index (BMI) greater than 30 kg/m2[1].
Roux-en-Y gastric bypass (RYGB) has become a
common procedure for achieving short- and longterm weight loss. It has gained great popularity among
surgeons and patients in recent years. Long-term complications are still being discovered, and a variety of nutritional problems have been reported[2]. Because of the
altered anatomy, absorption of iron from the proximal

RESULTS: There were 41 males and 165 females with
an average age of 40.8 years. 21 patients (10.2%)
developed post-operative anemia and 185 patients
(89.8%) did not. Anemia was due to iron deficiency in
all cases. The groups had similar demographics, surgi-
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gastrointestinal tract is impaired. Anemia develops in
some patients with inadequate oral supplementation or
chronic occult blood loss. The purpose of this study is
to identify the incidence and risk factors of anemia in
morbidly obese patients who underwent RYGB.

180

Number of patients

160

MATERIALS AND METHODS
Patients
After approval by the Institutional Review Board of
Beth Israel Medical Center, a retrospective review of 206
medical records of patients who had undergone RYGB
for the treatment of morbid obesity from January 2003
to November 2007 was conducted. Information gathered included demographic characteristics (age, gender,
and ethnicity); BMI; past medical and surgical history;
relevant laboratory values (pre- and post-operative levels
of serum hemoglobin (Hg), hematocrit, mean corpuscular volume, iron, ferritin, and total iron binding capacity);
length of bypass; and degree of weight loss after surgery.
One surgeon (IML) performed all gastric bypass operations using the same operative technique. All patients
included in the study underwent standard RYGB surgery
with the biliopancreatic limb measured to be 70 + BMI
(in cm). The alimentary limb was 75 cm in length. Postoperatively, all patients were given a standard chewable
multivitamin (Centrum Chewable, Wyeth Consumer
Health Care) and ferrous sulfate tablets, 320 mg daily,
starting on the 12th d after the operation. All patients
were followed closely by a team of dietitians, bariatric
surgeons, and psychologists, both before and after the
operation. Laboratory data for hematologic and metabolic indices were obtained at frequent intervals postoperatively. Anemia was defined as serum Hg < 11 g/dL
in men, and < 10 g/dL in women. Patients with epigastric pain and/or anemia underwent diagnostic upper gastrointestinal endoscopy. Marginal ulcer was treated with
sucralfate slurry and oral proton pump inhibitors for a
minimum of 2 wk and patients were reexamined endoscopically 6 wk later.
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Figure 1 Number of patients who developed post-operative anemia.

Table 1 Associated co-morbidities in the patients who did
not develop anemia compared with those who did develop
anemia in the post-operative period
Co-morbidity
Hypertension
Diabetes mellitus
Asthma
Smoking
Menstruation
Peptic ulcer disease
Coronary artery disease
Thyroid disease

% of patients
without anemia

% of patients
with anemia

P

81.1
24.2
29.5
49.0
67.7
6.0
7.9
13.2

79.5
21.0
19.8
44.1
84.2
22.0
14.2
5.6

0.72
0.71
0.89
0.86
0.02
0.01
0.75
0.19

iron binding capacity, and low mean corpuscular volume).
Table 1 shows the associated co-morbidities in the patients. The mean values of serum Hg and iron pre- and
post-operatively (at 18, 44, 51, and 86 wk after the operation) for all patients are shown in Figure 2A and B. In the
immediate post-operative period, serum Hg increased
compared to the pre-operative state, and then decreased
slowly over time. In contrast, serum iron dropped significantly in the immediate post-operative period, and then
rose gradually with oral supplementation.

DISCUSSION

Statistical analysis
Statistical analysis using the Student t-test was used to
compare pre- and post-operative serum levels of Hg,
iron, and total iron binding capacity, and the χ2 test was
utilized to compare categorical data. The level of statistical significance was set at P ≤ 0.05.

Nutritional deficiencies following RYGB have been
previously reported. Vitamin deficiencies[3], disorders of
calcium[4] and copper homeostasis[5] have been reported
elsewhere. Iron deficiency anemia presents a special clinical challenge. Disturbing behaviors such as pica (eating
of non-food substances) and pagophagia (excessive iceeating) have been observed in patients with anemia following gastric bypass surgery[6,7]. Severe iron deficiency
anemia may require parenteral injection of iron or even
packed red blood cell transfusion[8].
Anemia after RYGB may be multi-factorial; resulting
from impaired absorption due to the surgically altered
gastrointestinal tract, inadequate oral intake, or due to
occult blood loss. Anemia may result from bleeding due
to the operation itself, such as oozing from the staple or
suture lines, marginal ulcers, gastritis, and anastomotic
bleeding or due to malabsorption of compounds im-

RESULTS
Of 206 patients analyzed, 41 (19.9%) were men and 165
(80.1%) women, with a mean age of 40.8 years (range:
18-60 years). A total of twenty-one (10.2%) patients developed anemia at some point during the post-operative
period (Figure 1). Following statistical analysis, patients
with the greatest risk for anemia were menstruating females (P = 0.02) and patients found to have marginal ulcer on endoscopy (P = 0.01). In all cases the anemia was
due to iron deficiency (low serum ferritin, elevated total
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A

20

an incidence of anemia in 10% of patients. The present
study demonstrates that risk factors for the development
of iron deficiency anemia following RYGB are menstruation (P = 0.02) and peptic ulcer disease (P = 0.01). It is
important to note that these patients developed anemia
at some point during the post-operative period, despite
being on standard iron supplementation. This may indicate that the current iron supplementation regimens
used may not be adequate to prevent the development
of iron deficiency anemia in certain patients after RYGB
surgery. Love and Billett[16] suggested that the risk of
anemia following bariatric surgical procedures continues
for life. The incidence of anemia does not appear to be
greater following duodenal switch operations[17].
Brolin et al[11] found that multivitamin supplements
lowered the incidence of folate deficiency, but did not
prevent iron or vitamin B 12 deficiency. However, the
authors did not suggest the prophylactic supplementation of vitamin B12, simply because the patients did not
develop clinically important deficiency of this vitamin
post-operatively. On the other hand, they found that
iron deficiency is very resistant to oral iron supplementation, especially in menstruating women, leading them to
prescribe prophylactic high doses of oral iron (50 mg or
more)[11]. Varma et al[18] found that menstruating females
were more likely to require parenteral iron therapy after
bariatric surgery. Other authors have suggested the addition of vitamin C to oral iron supplementation, but
without great success[19]. Previous reports suggest early
parenteral iron replacement therapy in patients who do
not respond to oral iron therapy in order to prevent
anemia-related complications and to maintain patients’
quality of life[2,17]. In a prospective, double-blind, randomized study, Brolin et al[20] found that prophylactic oral
supplementation of 320 mg iron twice daily consistently
prevented iron deficiency in menstruating women after
RYGB.
In conclusion, it is characteristic that iron deficiency
anemia secondary to malabsorption may not start until
2-3 mo after RYGB and can be present up to 2 years
later[1] as well as refractory to oral supplementation[20].
As a result, it is of utmost importance that a protocol of
long-term follow-up and close biologic and metabolic
monitoring of patients after RYGB and the need for a
more aggressive therapeutic approach when anemia has
been diagnosed is established. Increased ferrous supplementation may be necessary to prevent iron depletion
in populations at increased risk of developing iron deficiency anemia after RYGB surgery, such as menstruating
women and patients with peptic ulcer disease.
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Figure 2 Serum hemoglobin (Hg) (A) levels (g/dL) and iron (Fe) (B) levels
(μg/dL) pre- and post-operatively.

portant for the metabolism of Hg, such as iron, folate,
thiamine, vitamin B12, niacin, riboflavin, vitamin C, zinc,
and copper[1,9]. Diminished intake of red meats (a major
natural source of iron) after gastric bypass surgery may
further contribute to iron deficiency in these patients[10].
The most prevalent type of anemia is iron deficiency,
since iron is absorbed by the duodenum, and this type
of anemia results from direct malabsorption due to exclusion of the duodenum from orally ingested nutrients.
In addition, the food bolus does not encounter normal
amounts of gastric acid secreted by the distal stomach
which results in impaired conversion of ingested ferric
iron to absorbable ferrous iron[9]. Although prophylactic
multivitamin supplements are routinely prescribed for
RYGB patients, there are limited data in the medical and
surgical literature demonstrating the efficacy of these
supplements in the prevention of anemia after gastric
bypass surgery[11].
Symptoms of iron deficiency anemia may be nonspecific but include fatigue and muscle weakness, dyspnea,
and chest discomfort [12]. Typical laboratory findings
include low serum ferritin, elevated total iron binding
capacity, low mean corpuscular volume, and decreased
intracellular Hg concentration. As such, iron deficiency
anemia is typically hypochromic and microcytic[13].
The results of the present study show that 10.2%
of our patients developed iron deficiency anemia after
RYGB, which is lower than the published data[14]. It has
been reported that anemia correlated best with serum
transferrin saturation[15]. Coupaye et al[8] also reported

WJG|www.wjgnet.com

COMMENTS
COMMENTS
Background

With the wide application of bariatric surgery in young patients, long-term follow-up is necessary. Iron deficiency and other causes of anemia are prevalent
in a large percentage of patients.

Research frontiers

Females of childbearing age and patients with peptic ulcer disease are at the
greatest risk for anemia following gastric bypass surgery.

1869

April 21, 2010|Volume 16|Issue 15|

Avgerinos DV et al . Anemia following surgery for morbid obesity

Innovations and breakthroughs

8

Applications

9

Routine blood work with regular complete blood counts and serum iron levels
are required to prevent severe anemia, which may become refractory to oral
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