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Abstract

Introduction: The prevalence of obesity is increasing glob-
ally. The principal aim was to evaluate whether gastric by-
pass surgery modifies the bioavailability and pharmacoki-
netic (PK) parameters of omeprazole. Methods: Controlled,
open-label, bioavailability clinical trial in patients undergo-
ing Roux-en-Y gastric bypass (RYGB). Healthy patients with
obesity (body mass index >35) were included and assessed
for omeprazole PKs before and after RYGB (1 and 6 months).
PK sampling was done at baseline and several times up to 12
h after drug dosing. Pre- and post-surgery parameters were
compared using paired ANOVA or Wilcoxon tests, and con-
trol versus cases using ANOVA or Mann-Whitney tests. Given
the post-surgery change in body weight, parameters were

corrected by dose/body weight. Results: Fourteen case and
24 control subjects were recruited; 92% were women (N =
35/38). In patients who underwent RYGB, maximum plasma
concentration (Cpayx) Was significantly reduced at 1 and 6
months after surgery compared with presurgery values (p =
0.001). Regarding the AUC, the values are lower at 1 and 6
months after surgery than at baseline (p < 0.001). The drug
clearance was also increased in the first month after surgery.
No differences were found between patients 6 months after
surgery and controls. C,,,x and AUC corrected by dose/body
weight were significantly different between the baseline
surgery subjects and controls. Discusion/Conclusions:
Omeprazole bioavailability is reduced in patients with obe-
sity at 1 and 6 months after RYGB. However, omeprazole PK
parameters 6 months after RYGB are similar to control sub-
jects, and thus no dose correction is required after RYGB for

a given indication. ©2022 The Author(s).
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Introduction

The prevalence of individuals being overweight and
obese has increased over 3 decades, reaching over 2 bil-
lion individuals worldwide, with a higher percentage of
women [1]. This increase and the related comorbidities
[2, 3] have become a considerable challenge and burden
for the health care systems [4]. Although dietary restric-
tion and physical exercise are the main recommendations
to maintain a healthy weight, many patients require bar-
iatric surgery [5]. According to several head-to-head tri-
als [6-14] and meta-analyses [15, 16], bariatric surgery
results in greater weight loss than conventional treatment
in the short term (up to 2 years). Regarding efficacy of
different bariatric procedures, Roux-en-Y gastric bypass
(RYGB) had excellent long-term outcomes for both
weight loss and type 2 diabetes remission rates [17-19].

The digestive consequences of obesity include altera-
tions in the esophagus, small and large bowel, stomach,
pancreas, bile ducts, and liver; patients undergoing bar-
iatric surgery, in addition, can be affected by structural
alteration after surgery [20]. All of these changes are
modifying factors for the oral bioavailability of drugs,
with the volume of the stomach and the gastric emptying
speed being the most modified parameters.

While changes to the oral bioavailability following
bariatric surgery are expected, there is not enough infor-
mation about the pharmacological implications for pa-
tients [21, 22]. This information is important for drugs
thatare frequently used, such as omeprazole. After RYGB,
there is a risk of occurrence of peptic ulcer of the gastro-
jejunal anastomosis because the acid secretion of the gas-
tric pouch enters into direct contact with the jejunal loop,
which has no biliary or pancreatic secretion capable of
neutralizing such acidity [21]. Proton pump inhibitors as
omeprazole reduce the occurrence of ulceration [23, 24]
and can help eradicating Helicobacter pylori [25]; thus,
treatment with omeprazole is recommended during the
first postoperative year [21].

The omeprazole effective dose for patients submitted to
RYGB has not been, yet, established. Omeprazole is formu-
lated as an enteric-coated tablet and, in normal physiology,
after passing through the acidic stomach, the coating dis-
solves and omeprazole is absorbed. RYGB can modify gas-
tric pouch pH as well as gastric transit time, affecting
omeprazole bioavailability and effectiveness in patients
where the presence of gastric acid injuries is common [21].
The aim of the present study was to evaluate whether RYGB
modifies the bioavailability and pharmacokinetic (PK) pa-
rameters of omeprazole at 1 and 6 months post-surgery.
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Materials and Methods

Design

This study was a prospective, open-label PK trial to compare
the omeprazole bioavailability parameters in patients who under-
go RYGB at three specific stages: prior to RYGB, 1 month post-
surgery, and 6 months post-surgery; as well as to compare param-
eters between those patients with control subjects who had a simi-
lar body mass index (BMI) at 6 months post-surgery. The study
design is summarized in Figure 1. The patients were recruited in
the Department of Endocrinology and all the procedures were per-
formed in the phase I unit (Department of Clinical Pharmacology)
in the same hospital.

Subjects

Case patients were obese class I1 (BMI >35.0 kg/m?) [26] with
indication of bariatric surgery, and control patients were subjects
who had similar characteristics to case patients at 6 months post-
surgery. Both groups comprised patients between 18 and 60 years
without comorbidities (except H. pylori) and in good status as de-
termined by medical history, physical examination, and standard
biology (they had no clinically significant abnormality based on
clinical examination, medical history, clinical chemistry, and he-
matology or urinalysis results). A negative screening for pregnan-
cy was also required for women of childbearing age. Pregnant or
breastfeeding women were excluded from the study, as well as con-
sumers of stimulant drinks (more than 400 mg of caffeine per day),
those having contraindications for omeprazole oral intake, and
those who had consumed medications 2 weeks prior to the study
that could interfere with the study objectives. In all patients who
underwent gastric bypass, H. pylori detection (endoscopy and an-
ti-H. pylori antibodies) was performed; it was only considered nec-
essary in control patients if they were symptomatic. Patients were
withdrawn if they developed any serious adverse event during the
study.

The study was conducted according to the ethical principles set
forth in the Declaration of Helsinki and the International Confer-
ence on Harmonisation Guidance for Good Clinical Practice [27].
The study protocol and informed consent documents were ap-
proved by the Hospital Clinico San Carlos Ethics Committee
(11/094-e) prior to subject enrolment (EudraCT code: 2011-
005589-39 and NCT number: 03378960). This study was moni-
tored by UICEC-HCSC. After receiving the information about the
study risks and benefits, all the subjects signed the informed con-
sent document.

Sample Size

Considering data in scientific literature regarding the omepra-
zole intrasubject variance (25%) as a reference, we estimated a
sample size of 16 cases and 25 controls to detect significant differ-
ences (225%) between groups, with a statistical power of 80% and
a confidence level of 95%. We estimated about 20% of withdrawal
rate in the follow-up.

Study Procedures

Surgical Technique

For laparoscopic RYGB, a 25-35-mL gastric pouch was created
along with a 75-100-cm biliopancreatic limb and an alimentary
limb of 150 cm. All the surgical procedures were conducted by the
same team of surgeons.
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Fig. 1. Flow chart of subject assignment and treatment throughout the study.

Pharmacokinetic Study

Following the confirmation of eligibility and signed informed
consent, the subjects were admitted to the phase I unit for the PK
assessment. This procedure was performed three times (visits) in
case patients (baseline, +1 month post-surgery, and +6 months
post-surgery) and only once in control subjects. The same PK eval-
uation was performed in both case and control patients.

To ensure steady conditions for omeprazole PKs, the subjects
were instructed to take at least an oral dose of omeprazole 20 mg
per day for the previous 5 days. After overnight fasting, they were
admitted to the phase I unit, where they received an oral dose of
20 mg of omeprazole with 200 mL of water and stayed in the unit
for 12 h; food intake was not allowed up to 2 h after drug intake.
During this time, safety assessment and PK sampling were per-
formed. Venous blood samples for quantitation of omeprazole
were obtained before drug dosing and at 1, 2, 2.5, 3,3.5,4, 5,7, 9,
and 12 h after omeprazole intake. Each plasma sample was divided
into three aliquots and stored at —80°C, before being delivered to
the Department of Toxicology and Health Legislation (UCM, Ma-
drid, Spain) for analysis. Study drugs were labeled and managed in
accordance with good clinical practice and local regulatory re-
quirements.

Samples Analysis

The blood samples were analyzed in the Department of Toxi-
cology and Health Legislation (UCM, Madrid, Spain) using the
method described by Macek et al. [28] as a reference. Plasma con-
centrations of omeprazole were estimated using Mass Hunter®
(B.04.01 version) software.

Safety Assessments
Physical evaluation, hematology, biochemistry, and vital signs
were assessed at the beginning and end of each visit to address safe-
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ty concerns. These assessments were recorded throughout the
study, from the inclusion time to 1 day after the last visit in the
phase I unit. All adverse events detected were described and graded
by severity (mild, moderate, and severe) and potential attribution-
al relationship to omeprazole (Karch and Lasagna algorithm [29]).

Study Variables

The principal variables were the bioavailability parameters of
omeprazole as area under the concentration-time curve (AUCj,q,
AUCy), maximum plasma concentration (Cp,,y), and time until
Chax 18 reached (Tp.y). For a clearer assessment of the effects of
surgery on PK processes, Cp,x and AUC were corrected by dose/
body weight, given that weight was significantly modified through-
out the study in the surgery group, affecting the volume of drug
distribution.

Definition of study variables:

e AUC or AUC (0-1): area under the plasma concentration
curve, calculated using the linear trapezoidal method until the
last measurable concentration.

o AUC,r AUC, + extrapolation to infinity.

o Cpax/(dose/body weight): maximum plasma concentration ad-
justed by dose of omeprazole per kilogram of patient’s body
weight.

o AUC,s/(dose/body weight): area under the plasma concentra-
tion curve adjusted by dose of omeprazole administered per
kilogram of patient’s weight.

o Clearance (Cl): expressed as the plasma volume totally free of
the drug per unit of time and measured in units of volume per
units of time.

Omeprazole PK parameters were estimated upon plasma con-
centration versus time data, by standard noncompartmental meth-
ods using Phoenix WinNonlin v.6.1 (Pharsight Corp., Mountain
View, CA, USA). Safety was monitored through tolerability, vital
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Table 1. Demographic characteristics of case and control groups
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signs, clinical laboratory tests, physical examinations, and adverse
event assessments.

Statistical Analysis

Continuous variables were described using means and stan-
dard deviation, or median and interquartile range when the data
were not normally distributed. Qualitative variables were de-
scribed using frequencies and percentages. Descriptive analyses of
PK parameters, including the mean, median, geometric mean,
standard deviation, maximum, and minimum were also computed
for both groups. Pre- and post-surgery omeprazole PK parameters
were compared using paired T-test or Wilcoxon signed-ranks test
when normality assumption was violated. To compare the values
of both control and case groups after 6 months, the independent
samples T-test was used, or the Mann-Whitney U test when the
assumptions of the #-test were not met.

Statistical significance was set at <0.05. Statistical analysis was
performed using IBM SPPS Statistics version 22 (International
Business Machines Corp., Armonk, NY, USA).

Results

Forty-two patients were identified and four refused to
participate, resulting in aaaathirty-eight subjects who
were enrolled in the study (14 patients with obesity and
planned bariatric surgery and 24 control subjects). They
were enrolled in the study between April 2012 and June
2014. All subjects received their planned doses of study
medication; one of the surgical patients was lost to follow-
up at 6 months post-surgery. All subjects were Caucasian
(Table 1).

In all patients who underwent RYGB, H. pylori detec-
tion was performed, and 54.1% of patients required H.
pylori eradication, as they were positive before surgery. It
was not considered necessary to detect or treat H. pylori
in the control subjects as they were asymptomatic.

Observation of plasma concentration versus time pro-
tiles (Fig. 2) showed obvious changes during the absorp-
tion process (Tables 2, 3, and Fig. 3). Case patients pre-
surgery (baseline) had the highest C,,.x (749.3 £ 377 ng/
mL)and AUC (2,053.8 £ 1,892.7 h ng/mL) values, and the
difference was even greater when these parameters are
adjusted by omeprazole dose per patient weight. Case pa-
tients 1 and 6 months post-surgery showed higher clear-
ance figures (0.03 £ 0.03 mL/h both times). The omepra-
zole C,,.x was reached sooner in case patients at baseline
and 6 months post-surgery (median Ty, 1.1 [1.0-2.0]
and 1.0 [1-2.5] h) versus in control patients (median T,
2.0 [1.0-4.0] h).

In patients with obesity, C,,.x decreased 1 month (from
749.3 +377 ng/mL to 461.9 + 365.7 ng/mL; p = 0.001) and
6 months (749.3 + 377 ng/mL to 486.1 + 348.5 ng/mL;
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Fig. 2. Observed mean plasma concentra-
tion-time profiles of omeprazole over 12 h
after oral administration.
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p =0.003) post-surgery. Regarding AUC, the values were
lower at 1 and 6 months post-surgery (1,408.2 + 1,820.1
and 1,327.0 + 1,373.2 h*ng/mL, respectively) than the val-
ues for the same patients at baseline (2,053.8 + 1,892.7
h*ng/mL; p < 0.001 and p = 0.002, respectively). Clear-
ance increased in the first month post-surgery (0.03 *
0.03 mL/h, p = 0.023).

No differences were found between patients 6 months
post-surgery and control subjects. Cp,,x and AUC showed
no significant differences between baseline case subjects
and controls (p = 0.078 and p = 0.295), but significant dif-
ferences were found for both C,,,, and AUC when cor-
rected by dose/body weight (C,,.xp =0.001,1C95-3,603.13
to —959.80; and AUC p = 0.035, 1C95-12168.95 to
—460.14). Safety was monitored, and no concerns were
observed throughout the study period.

Discussion

The PKs of oral drugs are modified by the digestive
consequences of obesity and bariatric surgery. This study
evaluated whether the digestive changes entailed by
RYGB could modify the PK parameters of omeprazole. It

Effect of Obesity and Gastric Surgery on
Omeprazole

was anticipated that patients who undergo bariatric sur-
gery will have an impairment of omeprazole absorption,
depending on the anatomical and physiological changes
that the surgery produces. Among the changes intro-
duced by RYGB, those that most affect the oral absorp-
tion of omeprazole are gastric emptying, isolation of the
duodenum, and gastric pH. The data obtained in the pres-
ent study cannot be extrapolated to patients who have
undergone other bariatric surgery techniques.
Omeprazole has some clinical and pharmacodynamic
properties that could be affected by anatomical changes
to the digestive system and intestinal transit speed [30].
The digestive changes are different throughout the pro-
cess, from presurgery to stabilization and, ultimately, at-
taining normal weight; it is important to analyze these
stage-specific modifications. When gastric emptying is
increased, as in people with obesity, omeprazole is less
degraded in the stomach and a greater quantity reaches
the duodenum to be absorbed. This could explain why the
omeprazole Cy,,x and AUC in patients with obesity before
RYGB are higher than in control patients, despite the
larger volume of distribution of the former. The reduc-
tion shown in omeprazole Cy,,x and AUC after RYGB
compared to baseline could be explained by an impair-
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Fig. 3. Boxplot of PK parameters and dose per weight correction.

ment of drug absorption. Omeprazole’s absorption sur-
face is reduced after RYGB because the duodenum is iso-
lated, and nothing ingested by these patients goes through
it.

RYGB induced a sustained (1 and 6 month) decrease in
omeprazole Cy,.x and AUC versus baseline conditions and
a significant increase in clearance values. These results
suggest a reduction in drug absorption, due to the chang-
es in the absorption surface, and an increase in drug clear-
ance, due to an effect on enterohepatic circulation, if the
bowel transit speed has been increased. It is important to
mention that about 20% of omeprazole metabolites are

Effect of Obesity and Gastric Surgery on
Omeprazole

excreted in the bile [30], and thus, they could be available
to be absorbed again. Our results are compatible with
those (graphical tendency to increase in clearance after
surgery, and higher bioavailability vs. healthy subjects)
found by Puri et al. [22], in spite of the differences in meth-
ods (association of drugs, drug administration technique,
and sampling times). Although some PK studies genotype
subjects trying to explain possible differences or variabil-
ity (i.e., CYP2C19/3A4 in case of omeprazole), our main
objective regards to comparison of omeprazole bioavail-
ability parameters after surgery versus baseline values.
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Omeprazole C,,.x and AUC 6 months post-RYGB are
similar to those in controls with a similar weight and BMI,
suggesting that the case subjects exhibit a higher omepra-
zole bioavailability, which is apparent when the PK pa-
rameters are corrected by dose/body weight.

Our results differ from other studies in the field [21,
31] that detected different values for Tpax, Cmax and
AUCGC; however, although both are bioavailability clini-
cal trials, there are significant differences in the meth-
ods, including the doses of omeprazole administered,
the times used for blood sampling, and the weight of the
included patients. In addition, Mitrov-Winkelmolen et
al. [31] administered omeprazole together with acetyl
salicylate acid, which changes the pH of the stomach
and therefore the dissolution and absorption condi-
tions of omeprazole. Cp,x and T}, are easily influenced
by differences in patient conditions and study proce-
dures; therefore, the most comparable parameter be-
tween both studies is the AUC. In both studies, the
AUC before bariatric surgery is higher than that ob-
tained afterward. Concerning the differences in the
graphic representations of the presurgical AUC in both
studies, Mitrov-Winkelmolen et al. [31] performed the
last blood extraction only 4 h after dosing (Ti,s = 4 h);
therefore, the curve represented from there until 12 h is
an estimation, which in this case represents a significant
percentage of the total. In our patients, the last extrac-
tion was 12 h after drug intake; the graph represents the
data obtained directly from the patients. Similarly, the
study from Collares-Pelizaro et al. [21] showed a reduc-
tion in omeprazole absorption during the 90 min after
omeprazole intake; this time is not enough to assess the
whole process of absorption and therefore noncompa-
rable with our results.

Despite the exploratory character of our study, the
results are quite clear, although additional information
on the mechanism and bowel dynamics would be ben-
eficial, given that not only the structure but also the
function of the bowel is affected by RYGB. Although a
decrease in omeprazole bioavailability is clearly shown
after RYGB, the similarity of the resulting parameters
to those in control subjects allows us to conclude that
no dose correction in omeprazole posology is required
after RYGB for a given clinical situation. This does not
modify the fact that if the needs of the patient increase
(e.g., ulcer treatment), dosing should be temporarily in-
creased.

As a study limitation, the originally estimated sam-
ple size was difficult to reach due to complexity of pa-
tient recruitment, yet the statistically significant results
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were not affected by the sample reduction. Moreover,
as a bioavailability study, the possibility of drawing
mechanisms of action and clinical conclusions is lim-
ited, and additional studies would add more insight.
Among the strengths, compared with previous articles
describing drug absorption before and after RYGB, the
subjects act as their own controls to minimize variabil-
ity between the pre- and post-surgery situation. Addi-
tionally, the presence of a nonsurgery control group
provides an external reference, and due to the applied
exclusion criteria, the PKs were not influenced by inter-
acting medication.

Conclusion

Omeprazole absorption is reduced in patients with
obesity at 1 and 6 months post-RYGB compared with
baseline status. As omeprazole PK parameters 6 months
after RYGB are similar to those in the controls, no dose
correction in omeprazole posology is required after
RYGB for a given indication, but individual needs must
be evaluated upon the patient situation.

Considering that omeprazole is a part of the usual drug
treatment in these patients, it is important for physicians
to know that there is no need to modify the dose post-
RYGB. The higher bioavailability of omeprazole observed
in patients who were morbidly obese before RYGB versus
control subjects indicates that there is no need to increase
doses of omeprazole in relation to their higher weight and
BMI.
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