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besity in the United States is
increasing at an alarming rate.
Obesity, deﬁned as a body mass
index (BMI) ≥ 30, affects approximately 50 million Americans.1,2 Of
those, 12 million are morbidly obese
(BMI ≥ 40). Morbid obesity is associated with many comorbidities (e.g.,
type 2 diabetes mellitus, hyperlipidemia, hypertension, obstructive sleep
apnea, heart disease, stroke, asthma,
degenerative joint disease, cancer,
depression)1 and can shorten life expectancy.1,2 Pharmacologic therapies,
such as orlistat and sibutramine,
produce only modest weight loss and
have various adverse effects.3 Thus,
radical and innovative treatments for
obesity are often pursued.
The number of bariatric surgeries
performed in the United States has
increased dramatically. According to
the American Society for Bariatric
Surgery, an estimated 16,000 procedures were performed annually
in the early 1990s, increasing to approximately 103,000 procedures by
2003.4 A recently published study
demonstrated that patients who had
undergone gastric bypass procedures
were twice as likely to be admitted to
the hospital in the year after surgery
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area for absorption. These changes may
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with long absorptive phases that remain
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stomach after surgery can place patients
at risk for adverse events associated with

than in the year preceding it.5 Given
the increase in bariatric surgeries
performed, many health professionals have become involved in the
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some medications. Medications implicated
in such adverse events include nonsteroidal antiinflammatory drugs, salicylates,
and oral bisphosphonates. Drugs that
are rapidly and primarily absorbed in the
stomach or duodenum are likely to exhibit
decreased absorption in patients who have
had combination restrictive–malabsorptive
procedures. Because reduced drug absorption may result in decreased eﬃcacy rather
than toxicity, increased patient monitoring
for therapeutic eﬀects can help detect potential absorption problems.
Conclusion. Selection of appropriate nutrient salts can improve nutrient replacement in patients who have undergone
bariatric surgery. Changes in dosage forms
based on drug characteristics can improve
bioavailability.
Index terms: Absorption; Antiinﬂammatory agents; Bisphosphonates; Dosage;
Dosage forms; Drugs, availability; Drugs,
body distribution; Gastric bypass; Nutrition; Obesity; Salicylates; Solubility; Surface
area; Toxicity
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postoperative care of these patients.
Concerns related to medication administration in the obese population
and nutrient intake in patients who
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have undergone bariatric surgery are
well documented.2,6-12 However, there
is a paucity of literature on how to
manage these concerns.
Literature review
A systematic search of MEDLINE
(1966 to September 2005), International Pharmaceutical Abstracts
(1970 to September 2005), and the
Internet (through September 2005)
for the terms gastric bypass, bariatric
surgery, weight-loss surgery, medications, and absorption was conducted.
Pertinent citations from retrieved
articles were also reviewed for information. In addition, a number of
weight-loss surgery center websites
were examined to gain an understanding of the patient information
provided. The lack of primary literature in this area necessitated the use
of some review articles and metaanalyses. Information regarding the
sites of absorption for speciﬁc drugs
and nutrients was obtained from
manufacturers and published data
whenever possible.
Types of bariatric surgery
Bariatric surgery is categorized
by surgical technique (i.e., restrictive procedure or a combination of
restrictive and malabsorptive procedures).2,13,14 During restrictive procedures, a small pouch is created at
the top of the stomach. Food passes
through a small hole (≈1 cm) created
at the bottom of the pouch and then
through the remainder of the gastrointestinal tract. The smaller pouch
limits the quantity of food that patients can consume, and the small
opening slows emptying to create a
prolonged sensation of satiety.2,13 Restrictive procedures include verticalbanded gastroplasty and adjustable
gastric banding. With vertical-banded gastroplasty, a vertical section of
the upper stomach is stapled to form
a pouch. A small stoma is formed
at the bottom of the pouch using a
polypropylene band (Figure 1A).13
Adjustable gastric banding involves

placement of a silicone ring around
the upper portion of the stomach.
The diameter is adjusted by adding
saline to partition off the stomach
and create a small opening at the bottom (Figure 1B).14 Adjustable gastric
banding has been widely performed
in Australia and recently performed
in the United States. Both procedures
produce less dramatic weight loss than
do combination procedures and are
performed less commonly than combination restrictive and malabsorptive
procedures in the United States.2,13,14
The combination restrictive–
malabsorptive procedures most commonly performed include biliopancreatic diversion and the Roux-en-Y
gastric bypass. Biliopancreatic diversion involves removal of up to 75%
of the stomach. The small intestine,
which produces digestive enzymes
essential for the breakdown and
absorption of fats and proteins, is reconnected to bypass the duodenum,
the jejunum, and all but the last 50–
100 cm of the ileum. By bypassing a
majority of the small intestine and
limiting the amount of food exposed
to digestive enzyme, very little consumed fat and protein are absorbed.
While this procedure is very effective,
the drastic reduction in functional
intestine length places patients at
high risk for nutritional deﬁciencies
that can be difﬁcult to replace and is
generally reserved for patients with a
BMI of ≥50.2,13
Roux-en-Y gastric bypass is the
most frequently performed bariatric
surgery in the United States (Figure
1C).2,13,14 The restrictive portion of
the procedure entails separating, by
stapling or transection, a 30–60-mL
pouch in the stomach to restrict
food intake. The small pouch produces much less gastric acid and has
a higher pH than the stomach as a
whole. The small intestine is cut 45
cm from the base of the stomach,
and the lower intestine (termed
the Roux limb) is connected to the
pouch at the top of the stomach. The
connection to the intestine is ≈1 cm
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in diameter to slow emptying from
the stomach and maintain a feeling
of fullness for an extended period of
time. The portion of the small intestine connected to the lower portion
of the stomach is also connected to
the Roux limb to allow some acid
and digestive enzymes to reach passing food and facilitate digestion. By
bypassing the lower stomach and
a majority of the small intestine,
malabsorption occurs.2,13 Patients
who have undergone this surgery are
also at risk for nutrient deﬁciencies.
However, unlike with biliopancreatic diversion, supplementation can
easily be achieved in these patients.
Several factors, such as pH and absorption sites, should be considered
when providing these patients with
appropriate supplementation. Because this surgical approach is the
most common and is associated with
more pharmacologic issues, it is the
primary focus of this article.
Drug absorption after bariatric
surgery
The solubility of a drug, surface
area for absorption, and blood ﬂow
to the gastrointestinal tract inﬂuence
oral absorption and bioavailability.
Drug solubility and surface area for
absorption are affected by gastric
bypass procedures. Drugs in aqueous
solution are more rapidly absorbed
than those in oily solutions, suspensions, or solid form.15 When medications are given as tablets, the times to
disintegration and dissolution of the
tablet affect absorption. In early drug
trials, these factors are accounted
and adjusted for to ensure adequate
absorption in patients with unaltered
gastrointestinal tracts. However, reductions in the amount of functioning gastrointestinal tract after gastric
bypass surgery lead to decreased time
to drug absorption and reduced drug
bioavailability.
The solubility of drugs is affected
by pH. Drugs that are more soluble
at an acidic pH are absorbed in the
stomach, and those soluble in al-
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Figure 1A. Vertical-banded gastroplasty. A
vertical section of the stomach is stapled to
form a pouch. A small stoma is formed at the
bottom of the pouch using a polypropylene
band. Illustration by Marie Dauenheimer,
CMI. Adapted, with permission, from Medscape General Medicine. www.medscape.
com/viewarticle/471952.
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Figure 1B. Adjustable gastric banding.
This involves placement of a silicone ring
around the upper portion of the stomach.
The diameter is adjusted by adding saline
to partition oﬀ the stomach and create a
small opening at the bottom. Illustration by
Marie Dauenheimer, CMI. Adapted, with permission, from Medscape General Medicine.
www.medscape.com/viewarticle/471952.

A

Figure 1C. Roux-en-Y gastric bypass. The
small intestine is reconnected to bypass the
duodenum, the jejunum, and all but the last
50–100 cm of the ileum. Illustration by Marie
Dauenheimer, CMI. Adapted, with permission, from Medscape General Medicine.
www.medscape.com/viewarticle/471952.
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kaline environments are absorbed
in the small intestine. In addition,
some drugs depend on the enzymes
in the small intestine to aid in their
absorption. In patients who have
had gastric bypass surgery, the small
pouch located at the top of the stomach produces much less hydrochloric
acid than the stomach previously
did, possibly decreasing the absorption of medications dependent on
acidic environments for solubility or
absorption.
By bypassing major portions of
the small intestine, Roux-en-Y bypass procedures drastically reduce
the surface area for absorption. Villi
and microvilli give the small intestine a much greater surface area than
the large intestine.16 Thus, bypassing of the duodenum and jejenum
represents a large loss of surface area
for absorption. These changes may
warrant manipulation in drug route
or dose to ensure adequate delivery.
Drugs with long absorptive phases
that remain in the intestine for ex1854

tended periods are likely to exhibit
decreased bioavailability in patients
who have undergone this procedure.
Therefore, products with prolonged
dissolution times, such as extendedrelease formulations, should be
avoided in this population.
Considerations for nutrient
replacement
Nutrient deﬁciencies in patients
who have had restrictive procedures
have been reported7; the exact prevalence is unknown. Because restrictive procedures retain the use of the
entire gastrointestinal tract, nutrient
deﬁciencies are less common than in
patients who have had gastric bypass
procedures. After gastric bypass procedures, patients are prone to deﬁciencies of the fat-soluble vitamins (A,
D, E, and K) and calcium.7,8 In addition, these patients have an increased
risk of developing anemia secondary
to potentially inadequate amounts of
iron, vitamin B12, and folate. Because
of these deﬁcits, all patients should
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receive a daily multivitamin and calcium supplementation indeﬁnitely.7,8
In patients with anemia, additional
supplementation with iron, vitamin
B12, and folate may be necessary. The
speciﬁcs of these deﬁciencies have
been discussed elsewhere.8
The partitioning of the stomach
during bariatric surgery results in a
dramatic decrease in the production
of hydrochloric acid, affecting the absorption of calcium and iron. However, absorption can be increased
by using different salt forms or manipulating gastric pH.7,8,17 Calcium
carbonate depends on acid for its
absorption; calcium citrate does not.
One study comparing the bioavailability of both products in achlorhydric patients found the bioavailability of calcium carbonate and calcium
citrate to be 4% and 45%, respectively.18 While calcium citrate is more
expensive than calcium carbonate, it
is logical to speciﬁcally recommend
calcium supplementation with the
citrate salt in this patient population.
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Decreased calcium absorption can
increase the risk of osteoporosis.19
While speciﬁc guidelines to monitor
bone density do not exist for these
patients, early bone densiometry
testing would be prudent.
The duodenum is the primary site
for absorption of iron and is bypassed
in the Roux-en-Y procedure, creating
the potential for nutrient deﬁciencies. To be absorbed, iron must be
in the ferrous state (Fe2+). However,
most consumed iron is in the ferric
form (Fe3+) and reduced to the ferrous state in the acidic environment
of the stomach. The ferrous form is
then absorbed in the duodenum. In
patients who have had gastric bypass
surgery, iron salts can be combined
with ascorbic acid (vitamin C) to
acidify the stomach environment and
facilitate absorption.17,20 There are
commercially available products that
combine these two nutrients.
Vitamin B12 absorption is dependent on the presence of intrinsic factor, which is produced in the parietal
cells of the stomach. In addition,
hydrochloric acid is necessary to
cleave vitamin B12 from protein in the
stomach. These variations can lead to
deﬁciencies in patients after gastric
bypass surgery.21 Monthly B12 injections are effective in this population;
however, appropriate supplementation can also be achieved by using
the oral formulation (1000 µg daily).22 This helps these patients avoid
the inconvenience of frequent health
care visits and the pain associated
with injections.
Medication considerations
While very few speciﬁc recommendations on optimizing medication
regimens exist for patients who have
undergone bariatric surgery, some
general guidelines can be formulated.
The reduced size of the stomach after surgery can place patients at risk
for adverse events associated with
some medications. One case report
described ulceration in a patient
after gastric bypass and the use of

a nonsteroidal antiinflammatory
drug.23 Most bariatric surgery centers
recommend that patients avoid the
use of these agents indeﬁnitely to
avoid this potentially fatal complication.24,25 This complication theoretically extends to the salicylates. Given
the lack of primary literature on this
topic, the risks and beneﬁts of daily
aspirin therapy should be considered
on an individual basis. Other options
for oral pain medication include
acetaminophen, opioids, and tramadol. The oral bisphosphonates are another class of medications that could
present problems due to a reduced
pouch size, which may increase the
risk of gastrointestinal ulceration.26
Since these patients can be at risk for
osteoporosis because of decreased
calcium absorption, other treatment
options (e.g., calcitonin salmon nasal
spray, synthetic parathyroid hormone
[teriparatide], raloxifene [for women]) should be considered.
Reductions in drug absorption
are more frequently encountered
in patients who have had combination restrictive–malabsorptive
procedures. Decreased intestinal
length and surface area lead to the
reduced absorption of extendedrelease drug preparations because
these formulations are absorbed
over 2–12 hours.27 The reduction in
functional intestine length makes it
likely that extended-release preparations have passed through the gastrointestinal tract before absorption
is complete. These same principles
can also apply to delayed-release and
enteric- or ﬁlm-coated product formulations.28 To overcome this problem, the immediate-release dosage
forms should be substituted, which
could require increased frequency of
administration.
Other than extended-release
preparations, changes in a patient’s
medication regimen are generally
unnecessary unless patients have difﬁculties with decreased efﬁcacy or
increased adverse gastrointestinal
effects. Consideration of the site of
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absorption for speciﬁc medications
can be helpful in determining whether reduced absorption is likely to
occur (Table 1). Drugs that are
rapidly and primarily absorbed in
the stomach or duodenum are likely to exhibit decreased absorption
in patients who have had combination restrictive–malabsorptive
procedures. However, it is possible
that compensatory absorption by
other sites could mean that drugs
are still adequately absorbed. Pharmacokinetic studies do not examine
this particular effect, and it is generally unknown whether it will occur.
Because reduced drug absorption may result in decreased efﬁcacy
rather than toxicity, increased patient
monitoring for therapeutic effects
can help detect potential absorption
problems. If appropriate doses appear to have little or no effect, the
possibility of reduced drug absorption should be considered. A change
to a liquid medication formulation
could increase absorption by eliminating the need for drug dissolution.
Other administration approaches,
including subcutaneous, intravenous, rectal, vaginal, intranasal, and
transdermal routes, should also be
considered. However, it is important
to consider the effect of obesity on
drug absorption from subcutaneous
or transdermal routes of administration. Increased monitoring is
not effective in the management
of potential reduced absorption of
oral contraceptives. Obesity’s link to
infertility and the weight loss that
occurs postsurgery could result in
unwanted or unplanned pregnancy.29
Therefore, nonhormonal, barrier
contraception should be recommended for these patients.
Conclusion
Selection of appropriate nutrient
salts can improve nutrient replacement in patients who have undergone
bariatric surgery. Changes in dosage
forms based on drug characteristics
can improve bioavailability.
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Table 1.

Selected Agents with Potential for Decreased Absorption in Patients Who Have Undergone Bariatric
Surgery
Drug
Enalapril
Ketoconazole
Lamotrigine
Metformin

Possible Site(s) of Absorption

Management

Hydrolyzed to active form, enalaprilat, in stomach;
absorbed in small intestinea
Likely absorbed in stomach because acidic medium
required for absorptionb
Likely stomach and proximal small intestine due to
rapid and complete absorptionc
Slowly and incompletely absorbed in duodenumd

May exhibit decreased activity; consider other
angiotensin-converting-enzyme inhibitors
Absorption likely to be negligible; consider
alternative agentsc
Monitor for and advise patients of decreased
eﬃcacy
Increased monitoring of blood glucose; drug
requirements can decrease as weight loss
occurs
Monitor blood pressure; medication
requirements may decrease as weight loss
occurs
Administer with low-fat snack to maximize
absorption
Monitor for decreased eﬃcacy; switching to
orally disintegrating tablet will not increase
absorption (still absorbed in stomach)
Monitor for decreased eﬃcacy

Metoprolol tartrate

Absorbed rapidly and completely, indicating
stomach and duodenume

Niacin

Primarily absorbed in duodenumf

Olanzapine

Stomachg

Quetiapine fumarate

Exact location unknown, but likely stomach and
duodenum due to rapid absorptionh
Unknown; decreased absorption documented in
patients with steatorrhea and malabsorptioni

Ramipril

Simvastatin
Zolpidem

Absorption site unknown, but must be hydrolyzed
to the active form in stomachj
Absorbed rapidly and completely; absorption
aﬀected by foodk

Consider other agents; monitor blood
pressure in the postoperative period;
need for antihypertensives may decrease
as weight loss occurs
Consider other agents; monitor serum lipids
Absorption time may increase, resulting in
delay to eﬀect; take on an empty stomach

Vasotec (enalapril) package insert. Morrisville, NC: Biovail Pharmaceuticals; 2002 Aug.
Data on ﬁle. Janssen Pharmaceutica, Titusville, NJ.
Lamictal (lamotrigine) package insert. Research Triangle Park, NC; GlaxoSmithKline; 2005 Aug.
d
Vidon N, Chaussade S, Noel M et al. Metformin in the digestive tract. Diabetes Res Clin Pract. 1988; 4:223-9.
e
Lopressor (metoprolol tartrate) package insert. Suﬀern, NY: Novartis; 2004 Nov.
f
Data on ﬁle. Kos Pharmaceuticals, Cranbury, NJ; 2005 Aug.
g
Data on ﬁle. Eli Lilly Pharmaceuticals, Indianapolis; 2005 Oct.
h
Seroquel (quetiapine fumarate) package insert. Wilmington, DE: AstraZeneca; 2005 Dec.
i
Data on ﬁle. King Pharmaceuticals, Bristol, TN; 2004 Feb.
j
Vickers S, Duncan CA, Chen IW et al. Metabolic disposition studies on simvastatin, a cholesterol lowering prodrug. Drug Metab Dispos. 1900; 18:138-45.
k
Ambien (zolpidem) package insert. New York: Sanoﬁ-Synthelabo; 2004 Mar.
a

b
c
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