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ABSTRACT: The frequency of anemia, iron deficiency, and the long-term need for IV iron following Roux-en-y gastric bypass (RYGB) surgery has not

been well characterized. Three-hundred and nineteen out of 904 consecutive subjects who underwent RYGB at Penn State Hershey Medical Center from

1999 to 2006 met the inclusion criteria for a preoperative complete blood count (CBC) and at least one CBC >6 months following surgery. Cumulative

incidence of anemia 7 years post procedure was 58%. Menstruation status and presence of preoperative anemia were predictive of anemia by univariate

analysis and multivariable Cox regression (P=0.0014 and 0.044, respectively). Twenty-seven subjects, primarily premenopausal women, representing 8.5%

of the cohort and 22% of the 122 anemic subjects, needed intravenous (IV) iron a mean of 51 months postoperatively for anemia unresponsive or refractory

to oral iron. The risk for development of anemia necessitating IV iron therapy following RYGB is highest in menstruating women and continues to increase

for many years, even in post-menopausal women. Well-designed prospective studies are needed to identify the incidence of iron deficiency anemia and the

patient populations at increased risk for requiring IV iron replacement after RYGB surgery.
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Introduction

Weight loss surgery is an effective and durable treatment for
clinically severe obesity and its associated conditions. Bar-
iatric surgery not only promotes weight loss but also signifi-
cantly reduces cardiac-related death, myocardial infarction,
and stroke.! Approximately 220,000 Americans had some
form of bariatric surgery in 2008, with the Roux-en-Y gastric
bypass (RYGB) procedure accounting for the vast majority.2
Postoperative anemia has been reported in approximately
one-fourth to one-half of the patients within 6 months to
4 years following surgery.’? Despite its proven benefits, sev-
eral nutritional deficiencies may be seen after gastric bypass.
These include iron, calcium, the fat-soluble vitamins A, D, E,
and K, vitamin C, copper, selenium, and zinc.}%1® However,
by far the most common of these is iron deficiency. Women,
especially those who are menstruating, appear to be at higher

risk for developing iron deficiency,>®1

and oral iron supple-
mentation is inconsistent in preventing anemia.”3 More-
over, data beyond 4-5 years are sparce, and the long-term
need for intravenous (IV) iron replacement has not been well
characterized.

Since iron deficiency anemia may take years to develop,

we sought to determine the long-term incidence of anemia,

iron deficiency, and the prevalence of IV iron infusions five or

more years after RYGB surgery.

Methods

Patient selection and variables assessed. In accordance
with the principles of the Declaration of Helsinki, and follow-
ing the approval of the Penn State College of Medicine Insti-
tutional Review Board, 904 subjects were identified from our
prospective bariatric surgery database as having undergone
RYGB surgery at Hershey Medical Center from 1999 to 2006.
Electronic medical records (EMRs) were assessed on all sub-
jects for iron supplementation, pre- and postoperative com-
plete blood counts (CBCs), ferritin levels, menstruation status
at time of surgery, and length of the Roux limb. Women were
considered to be menopausal if their age was >50 years at the
time of surgery. Subjects were considered eligible for inclu-
sion if a preoperative CBC and at least one postoperative CBC
at >6 months from the time of surgery were available. Anemia
was defined as a hemoglobin <12 g/dL for women and <14 g/dLL
for men. Iron deficiency was defined as a ferritin level <10 ug/L.
Subjects were evaluated for development of anemia and iron defi-
ciency. IV iron therapy was given at the discretion of the hema-
tology consultant for patients with symptomatic iron deficiency
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anemia who were intolerant or refractory to oral iron supple-
ments. Subjects were censored from future analysis once they
became anemic. EMR data were censored as of May 12, 2012.
Routine surgical and postoperative protocol. RYGB
was performed with reconstruction, as depicted in Figure 1.
The conventional Roux limb was between 100 and 150 cm
and the pancreatobiliary limb between 40 and 50 cm. All
patients were instructed to take one of the more absorbable
forms of oral iron, such as funarate/gluconate, 28 mg at bed-
time, preferably with vitamin C 500 mg, and not within
2 hours of calcium supplements, in addition to calcium, vita-
min D, a multivitamin containing vitamin A, and vitamin B12
supplements. Patients were informed that these vitamin and
mineral supplements would be required lifelong. Follow-up
visits were routinely scheduled at 1 month with the dietician,

at 3 months with the surgeon and dietician, at 9 months with
the dietician, and at 12 months and then annually for 5 years
with the surgeon. At 1 month, patients were given an infor-
mation sheet to be given to their primary physician requesting
CBC:s along with routine laboratory monitoring quarterly for
the first year and annually thereafter.

Statistics. Univariate analyses using Chi-squared test
and Student’s #-test were performed between the outcomes
(incidence of anemia and iron deficiency anemia) and vari-
ables (sex, age at time of surgery, length of Roux limb, oral
iron supplementation, menstruation status, postoperative
complications, and presence of preoperative anemia). Since
the follow-up time varied across subjects, survival analy-
sis methods were used to account for the censored observa-
tions. Particularly, Kaplan—Meier curves were constructed
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Figure 1. Depiction of anatomic rearrangement of Roux-en-Y gastric bypass, demonstrating that the entire duodenum is excluded from the absorption of

nutrients.
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to estimate the cumulative event rate of anemia over a 7-year
time period. The log-rank test was used to determine statisti-
cal significance of various patient characteristics as risk factors
for developing anemia, and 95% confidence bands were con-
structed. Multivariable Cox proportional hazards regression
analysis was used to jointly model the effects of the character-
istics identified by the log-rank test. All analyses were carried
out using the SAS statistical software package version 9.2.

Results
Three-hundred and nineteen subjects met the inclusion criteria
of a preoperative CBC and at least one postoperative CBC
>6 months from the time of surgery recorded in the EMR.
Mean age at surgery was 45 years (range 18—67 years). Two-
hundred and sixty-nine (84%) were women and 50 (16%) were
men. One-hundred and forty-eight (55%) of the women were
menstruating at the time of surgery. The median follow-up time
of the 319 subjects was 56 months with an interquartile range
31-71 months (minimum 5.9 months, maximum 90.4 months).
Subjects who did not meet the inclusion criteria had similar dis-
tributions in age, sex, weight, and body mass index (BMI), except
for a higher (73%) proportion of women menstruating at the time
of surgery. Preoperative hemoglobin levels were observed for 62%
of the subjects who did not meet the inclusion criteria, with a
mean (standard deviation) of 13.6 (1.3) g/dL compared to 13.4
(1.2) for the subjects who met the inclusion criteria.
One-hundred and twenty-two of the 319 subjects devel-
oped anemia. Thirty-six of the 122 (30%) had ferritin levels
recorded. Twenty-two (61%) of the 36 subjects tested, repre-
senting 18% of the 122 subjects with anemia, were found to

be iron deficient using a standard cut-oft of 10 ng/mL. Four-
teen (64%) of the 22 subjects with iron deficiency anemia were
women of menstrual age. For patients who developed anemia,
the average postoperative hemoglobin concentration measured
at >6 months postoperatively was 12.6 (1.1) g/dL in men and
10.7 (1.1) g/dL in women.

Time to event analysis showed that the risk of developing
anemia by 7 years post procedure was 58% (Fig. 2).

Among the women menstruating at the time of surgery,
62% developed postoperative anemia by 7 years post proce-
dure (Fig. 3).

'The risk of postoperative anemia was significantly higher
in the women who menstruated at the time of surgery com-
pared to those who did not (P = 0.002). Suprisingly, the rate of
development of anemia in men was similar to that of menstru-
ating women (Fig. 3). Preoperative anemia was associated with
the development of postoperative anemia (Fig. 4, P= 0.004).

One-hundred and seventy-five (55%) subjects received sup-
plemental oral iron after surgery. However, postoperative iron
replacement did not reduce the overall rate of anemia (Fig. 5).

Longer Roux limbs seemed to be associated with the
development of anemia at years 1-4, but the overall difference
in the whole study period did not reach statistical significance
(Fig. 6).

Twenty-seven subjects representing 8.5% of our study
cohort and 22% of our anemic subjects with intolerance or
refractoriness to oral iron received IV iron sucrose or low
molecular weight iron dextran for iron deficiency anemia with
a hemoglobin of <10 g/dL. 1-111 months postoperatively
(mean 51, median 52 months) (Fig. 7).
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Figure 2. Kaplan—Meier (KM) cumulative event rate of anemia-free subjects of the study cohort. The number of subjects at risk at each 20-month time
interval is indicated at the bottom of the graph. The cumulative rate of anemia is 100% minus the KM estimate.
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Figure 3. Kaplan—Meier cumulative event rate of anemia-free subjects by sex and menstruation status at the time of surgery. Nonmenstruating women

—; menstruating women ---; men—-—-; Log-rank P = 0.0030.

'The usual doses for each event were 1 g of iron sucrose
given over three infusions, or a single infusion of 1 g of iron
dextran. Five of the 27 received infusions on two or more sepa-
rate occasions. Twenty-four were women, of whom 18 (75%)
were under 51 years of age. Ten of the 27 also received red cell
transfusions more than 1 year postoperatively (mean 59 months,
median 50 months), and two additional women received red cell
transufsions but no IV iron 2 and 3 years postoperatively (data
not shown). Thirteen of the 27 subjects had hemoglobin values
recorded before and after receiving intravenous iron (Table 1).

All but one had a hemoglobin rise of >2 g/dL within 4—6 weeks
following the infusion. The average pre-infusion hemoglobin
was 9.1 g/dL and the average post-infusion hemoglobin for the
those not receiving red cell transfusions was 12.4 g/dL.
Menstruation status and presence of preoperative anemia
were predictive of postoperative anemia in the univariate
analysis (Table 2, P = 0.005 and <0.0001, respectively).
In the multivariable Cox regression, menstruation status
and the presence of preoperative anemia were also signifi-

cant (P =0.0014 and 0.044, respectively) (Table 2). Baseline
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Figure 4. Kaplan—Meier cumulative event rate of anemia-free subjects by preoperative anemia status. Preop anemia no—; yes——; Log-rank P =0.0043.
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Figure 5. Kaplan—Meier cumulative event rate of anemia-free subjects by supplemental iron status after surgery. Iron post op no—; yes——; Log-rank

P < 0.0001.

characteristics, such as age and BMI, were not significant and
thus were removed from the final model.

Discussion

Mammalian iron absorption requires the transfer of iron across
both the apical and basolateral membranes of enterocytes. This
takes place preferentially in the duodenum and occurs in both
nonheme and heme forms. Nonheme iron enters the cell through
the divalent metal transporter DM'T-1 and is transferred across
the basolateral membrane to the circulation by ferroportin. Heme

binds to its receptor HCP-1 and is absorbed directly into the
duodenal enterocyte by a process that is not well understood.?%
However, there is a gradient for nonheme iron absorption
throughout the small intestine, at least in animals.?22*

RYGB is a procedure in which the distal stomach, duode-
num, and proximal jejunum are bypassed, precluding exposure
of the food bolus to these sites in the postoperative biliopancre-
atic limb. Food bolus exposure to the normal gastric acid gra-
dient along the foregut is also altered. Therefore, exclusion of

the duodenum from alimentary flow and pH alterations along
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Figure 6. Kaplan—Meier cumulative event rate of amemia-free subjects by length of Roux limb. Long loop —; Short loop ——; Log-rank P = 0.8970.

CLINICAL MEDICINE INSIGHTS: BLOOD DISORDERS 2015:8 l 13


http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-blood-disorders-journal-j63

Kotkiewicz et al

4
19
20
27
23

8

1
22

; |

e
. [ I I A

S 1o ———
S e ————
B o o ———
e —
S S ——
ot e ———————
IS SN I
IS I N
17 m—
o
18
9
25
21
é) 1l0 2'0 30 40 50 60 70 80 90 100 110 120

Months Post Operatively

Figure 7. Time to IV iron replacement after surgery.
Note: *Received more than one course of infusions.

mucosa with absorptive potential are both implicated in the
development of iron deficiency anemia after RYGB. Periop-
erative blood loss is unlikely to contribute significantly because
the reported rate of bleeding requiring transfusion during or
immediately after RYGP is on the order of only 1%—-4%.%
Our study is in agreement with previous reports that iron
deficiency and iron deficiency anemia are significant complica-
tions following RYGB. Reported rates of iron deficiency range
from 15% to 60% and of iron deficiency anemia from 10% to
52% in retrospective studies.*®%%11°1> However, only three of
these studies have follow-ups of 4 years or more,*>!! and the
true incidence of iron deficiency and iron deficiency anemia
is difficult to ascertain. In a prospective study by Ruz et al of

51 individuals, the percentage of anemic subjects changed from
1.5% at the beginning of the study to 38.8% at 18 months.?
In a larger prospective study by Avinoah et al of a random
group of 200 patients undergoing bariatric surgery, mean val-
ues of hemoglobin and iron showed a gradual and significant
decrease 6-8 years after surgery;*® however, the actual values
were not reported.

Our study of 319 subjects showed a cumulative incidence
of anemia of 58% by 7 years post procedure. This is one of only
three studies®*” to systematically report long-term results
beyond 5 years. The main findings were that the rate of devel-
opment of anemia in individual subjects continued to increase
over at least 7 years, and that 8.5% of all 319 subjects and
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Table 1. Thirteen patients with pre and post-hemoglobin (Hgb) values within 1-6 months after IV iron.

SUBJECT ID SEX PRE-Op Hgb (g/dL) MONTHS POST-Op Hgb BEFORE IV IRON Hgb AFTER IV IRON
2 F 1.3 44 8.0 13.5
3 F 13.4 35 14.0 13.7
6 M 14.6 58 9.7 12.9
7 M 15.2 64 12.2 13.3
9 F 12.3 20 9.2 12.5
*10 F 12.7 29 4.5 1.2
1 F 12.4 58 8.9 11.3
19 F 14.0 80 10.2 11.0
*22 F 12.8 66 7.8 12.6
24 F 13.6 38 12.0 11.6
25 F 11.6 18 7.7 10.0
26 F 111 50 11.5 13.4
27 F 12.2 74 7.5 14.2

Note: *Three subjects also received packed red cells for iron deficiency anemia.

22% of 122 anemic subjects received IV iron replacement with
good response at an average of 4 years postoperatively.
Eighteen percent of our anemic subjects were confirmed
to have iron deficiency, consistent with published literature.
However, this is likely a gross underestimate, since only one-
third had ferritin levels available for review, and of these, 61%
had iron deficiency. Furthermore, serum ferritin alone may not
be the optimal way to define iron deficiency, as it is an acute
phase reactant that is generally higher in obese people, pre-
sumably secondary to underlying chronic inflammation.?” In
this setting, our threshold of 10 pug/L may have been too low.
Previous studies have assessed serum iron and total iron bind-
ing capacity (TIBC), but these also are poor markers for iron
deficiency because serum iron is influenced by iron absorption

from meals, infection, inflammation, and diurnal variation,
and TIBC is affected by malnutrition, inflammation, chronic
infection, and cancer. A ferritin level of <10 ng/mL is very
specific for iron deficiency, but in older patients or those with
inflammatory states one cannot rule out iron deficiency until
the ferritin level is >100 ng/mL.?® Guyatt et al found that the
likelihood ratio for iron deficiency was positive up to a ferritin
level of 40 ng/mL in the absence of inflammation and up to
70 ng/mL in the presence of inflammation.?’ Had we raised the
serum ferritin threshold to 40 ng/mL, we would have increased
our percentage of anemic patients with iron deficiency from
18% to 21%. Had we raised it to 70 ng/mL, 29 (24%) of our
anemic patients would have been classified as being iron defi-
cient. Although raising the ferritin cutoff may improve the rate

Table 2. Univariate and multivariable analysis of predictors of anemia occurring up to 7 years after RYGB surgery in a cohort of 319 patients.

UNIVARIATE ANALYSIS

VARIABLE NO ANEMIA ANEMIA P-VALUE
Age (mean + SD) 46 (£10) 44 (+10) 0.15
Male (%) 16.6 14.7 0.63
Length of Roux limb (mean + SD) 122 (£30) 123 (£29) 0.85
Menstruating (%) 48 66 0.0051
Oral Iron after surgery (%) 46 76 <0.0001
Preoperative anemia (%) 9 23 0.012
Ferritin 47.3 (x12.25) 46.6 (£13.12) 0.96
MULTIVARIATBLE ANALYSIS (COX REGRESSION)

VARIABLE HAZARD RATIO Pr > ChiSq

Menstruating (Yes vs No) 2.005 0.0014

Male vs nonmenstruating 2187 0.005

Preoperative anemia 1.594 0.044

Oral iron after surgery 2158 0.0002
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of detection of iron deficiency, an accurate assessment of iron
deficiency in the setting of chronic inflammation awaits the
development of a reliable test to measure hepcidin levels.

Rates of anemia and iron deficiency were highest in men-
struating women, 62% of whom became anemic by 7 years
postoperatively. This is greatly increased from the 12% inci-
dence of iron deficiency in women of childbearing age in the
National Health and Nutrition Examination Survey,®® and
the 13% incidence of anemia in women of reproductive age
in the WHO survey.?! Iron supplementation did not appear
to correct the development of anemia over time. Suprisingly,
the rate of anemia in men was similar to that in menstruating
women. This may have been affected by the small sample size
or the higher rate of preoperative anemia in the men.

The length of the Roux limb was associated with devel-
opment of anemia at post-surgical yearly intervals 1-4, but
lost significance by year 5 and was not significant in the mul-
tivariate analysis. Mechanistically, this early association could
be due to greater malabsorption of nutrients in patients with
longer limbs, with subsequent adaption of enterocytes facili-
tating iron absorption over time.

A gradient for nonheme iron absorption throughout the
small intestine has been demonstrated in animals.?>* Such
an adaptive mechanism could explain why some patients
absorb enough food and supplemental iron post gastric bypass
surgery to prevent the development of anemia in the absence
of other causes such as menstrual blood loss, occult gastro-
intestinal bleeding, or a deficiency of other micronutrients,
which were not examined in this study.

The significant association of preoperative anemia with
postoperative anemia is not unexpected, given that preexisting
conditions other than the role of adipose tissue leading to low
hemoglobin concentrations preoperatively would be unlikely to
change with gastric bypass. The fact that oral iron after surgery
did not correct the anemia is not surprising, since oral iron is
excluded from the biliopancreatic limb encompassing the
excluded stomach, duodenum, and proximal jejunum. A recent
report has shown that iron absorption from a single oral dose
of ferrous sulfate is reduced by more than 60% after RYGB.3?

Published data identifying patients receiving IV iron
supplementation following RYGB are limited. In one study,
anemia was corrected in most of 23 patients who received iron
dextran post RYGB for refractory iron deficiency anemia,
with an 85% probability of remaining in an iron-replete state
at 1 year.3® In another study, intravenous iron was required
in 6.7%.17 In an earlier retrospective analysis of 42 bariatric
surgery patients who received IV iron, premenopausal women
required earlier replacement.®* This represented approximately
4% of the patients who underwent all forms of bariatric sur-
gery at the parent institution during the study period.

Clearly, there is a range of iron deficiency that is moderate
and does not require IV iron. However, a seminal observation
in our study was that 27 subjects, representing 8.5% of our study
cohort and 22% of anemic subjects, received IV iron infusions a

mean of 44 months and a median of 32 months after surgery. The
vast majority of these (90%) were women, of whom 75% were
premenopausal. Increases of >2 g/dL of hemoglobin within
6 months following IV iron infusions were observed in a subset
of all but 1 of 13 subjects with data pre and post infusion. For
this group, the average hemoglobin rose from 9.1 to 12.4 g/dL,
confirming the efficacy of IV iron replacement in subjects previ-
ously unresponsive or intolerant to oral iron supplements.

Although currently approved IV iron preparations have
been shown to have an excellent safety profile in multiple
studies comprising thousands of subjects with iron deficiency
anemia, all iron products can cause hypersensitivity or other
reactions, some of which are severe.3* This small but potentially
avoidable risk, plus the inconvenience and cost of repeated iron
infusions, can have a major impact on quality of life. This out-
come needs further characterization in prospective studies.

Our study has limitations due to incomplete data. Only
35% met our inclusion criteria on review of the EMR because
the others had no follow-up CBC recorded 6 months or longer
after surgery. This low response rate may indicate a self-selec-
tion bias, with subjects more likely to return for follow-up if
they were symptomatic from anemia or otherwise ill, thereby
increasing the prevalence of anemia in our study population.
However, those who were excluded had similar distributions of
age, gender, weight, and BMI, except for a higher proportion
of menstruating women, which would argue strongly against
a self-selection bias. Additionally, only 30% of anemic sub-
jects had ferritin levels recorded. However, our overall rates of
anemia, iron deficiency, and iron deficiency anemia were con-
sistent with the published literature. Other limitations include
lack of data regarding compliance and the coexistence of other
micronutrient deficiencies such as B12 and folate deficiency,
which have been shown to be substantial following RYGB.

Despite a clearly articulated schedule requesting follow-
up visits and CBCs at least annually for 5 years following
RYGB, the lack of data for review in this single-institution
study highlights the fragmented care received by this patient
population. Other bariatric surgery centers have had similar
experiences. The reported 5-year follow up rate of 1359 eli-
gible patients in the International Bariatric Surgery Registry
was only 5.1%,3¢ and the 5-year follow-up at major bariatric
centers is as low as 14% (oral communication from Matthew
Hutter, MD, Massachusetts General Hospital). When taken
in this context, our 35% follow-up rate at 7 years is commend-
able. Clearly, a better system for long-term follow-up is needed
to detect anemia from deficiencies of iron and other nutrients,
which may take years to develop.

Credentialing of bariatric centers of excellence includes
recommended rates of annual follow-up that are difficult to
achieve. Traditionally, credentialed bariatric centers of excel-
lence have been required to demonstrate a plan for at least
5-year follow-up of patients undergoing weight loss surgery.
While a plan may in fact be in place, follow-up of patients,
particularly in countries without national health insurance,
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is generally poor. Patient mobility, changes in providers, loss
of health insurance, cost of care, cost of supplements, lack
of uniformity of electronic health records, and innumerable
other factors limit patient follow-up. More definitive guide-
lines, closer collaboration with primary care providers, and
improved methods of tracking are needed to increase our
understanding of the long-term consequences and to improve
outcomes following RYGB. 'This is particularly true given the
rise in popularity of bariatric surgery for the control of obesity
and obesity-related comorbid conditions.

In summary, we have shown a 58% cumulative inci-
dence of anemia by 7 years post RYGB. Iron deficiency ane-
mia was demonstrated in 18% of a subset with ferritin levels
available for review. Importantly, 8.5%, two-thirds of whom
were women of menstrual age =50 years, and 22% of all sub-
jects with anemia required IV iron supplementation a mean
of 47 months postoperatively because of unresponsiveness or
intolerance to oral iron. Well-designed prospective studies are
needed to determine the magnitude of this under recognized
longterm risk for the development of iron deficiency anemia
after RYGB and to better define those at increased risk for
needing IV iron infusions. Additionally, translational studies
to elucidate factors controlling iron uptake by the remaining
alimentary surface are needed to identify adaptive mecha-
nisms that may reduce the risk for development of iron defi-

ciency following RYGB surgery.
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