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Abstract
Introduction/Purpose The objective of this research was to characterize the impact of Roux-en-Y gastric bypass (RYGB) on the
pharmacokinetic properties of the pro-drug lisdexamfetamine and its active metabolite, d-amphetamine.
Materials and Methods A case-control design was used where patients who had undergone RYGB 9–24 months prior were
matched on sex, age, and body mass index (BMI) to nonsurgical controls who had no history of weight loss surgery. Each
participant received a single 50 mg dose of lisdexamfetamine, and plasma samples were collected over a 24-h period following
dosing. Noncompartmental analyses were used to compare pharmacokinetic measures between groups.
Results There were no significant differences between the RYGB (n = 10) and NSC groups (n = 10) on sex (70% female), age
(40.9 ± 9.6 vs. 41.3 ± 8.9 years), BMI (30.3 ± 5.2 vs. 31 ± 5.9 kg/m2), or ethnicity (100% vs. 80% White). The pharmacokinetic
parameters between the RYGB and NCS groups were found to be equivalent for lisdexamfetamine and d-amphetamine, includ-
ing maximum plasma concentration (Cmax), time to maximum plasma concentration (Tmax), and area under the plasma
concentration–time curve (AUC(0–∞)).
Conclusion These data suggest that there is no need to routinely adjust lisdexamfetamine dosing following RYGB. However,
given the potential for inter-individual differences, patients who undergo RYGB should be clinically monitored and individu-
alized dosing strategies should be considered for concerns surrounding efficacy or toxicity.
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Introduction

Bariatric surgery currently represents the most efficacious and
durable intervention for patients with severe obesity [1].
Roux-en-Y gastric bypass (RYGB) has accounted for the ma-
jority (~ 80%) of bariatric surgery procedures in the USA his-
torically [2], and currently, it represents up to one third of
bariatric surgery procedures performed [3]. The objective of
this study was to investigate the pharmacokinetics of
lisdexamfetamine following RYGB.

Lisdexamfetamine is currently indicated for the treatment
of moderate-severe binge eating disorder (BED) and attention
deficit hyperactivity disorder (ADHD) in adults in the USA
[4]. Approved indications for lisdexamfetamine differ by
country; therefore, findings from this study may not be appli-
cable in all countries. In a recent meta-analysis, ADHD has
been reported to be present in approximately 20.9% (range 7–
38% across included studies) of patients who undergo bariat-
ric surgery, which is higher than the general population
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estimate of 5% [5]. This meta-analysis was designed to eval-
uate the impact of ADHD on bariatric surgery outcomes. Data
showed that while patients with ADHD did not differ from
those without ADHD on mean BMI change following sur-
gery, those with ADHD did have lower post-operative fol-
low-up adherence [5] . Additionally, two studies included in
this meta-analysis showed an association between ADHD
symptoms following bariatric surgery and elevated alcohol
consumption [6, 7]. These data demonstrate the importance
of continued monitoring of and efficacious treatment for
ADHD symptoms following bariatric surgery.

Prevalence estimates of BED in patients seeking bariatric
surgery vary widely by study, but data suggest that up to 60%
of pre-surgery patients meet diagnostic criteria for BED
[8–11]. The anatomical changes associated with RYGB make
the objectively large binge eating episodes that characterize
BED difficult, although patients may begin to engage in sub-
jective binge episodes and/or report loss of control over eating
[11]. These behaviors have been associated with poorer post-
surgical weight outcomes in numerous studies [12]. In a ran-
domized 11-week clinical trial of 259 adults with BED,
lisdexamfetamine, in doses of 50 mg and 70 mg, was shown
to have greater efficacy than placebo for reducing the number
of binge days per week and achieving cessation from binge
eating over 4 weeks (21.3%, 42.2%, and 50.0% of participants
in the placebo, 50 mg, and 70 mg groups, respectively) [13].
Data on lisdexamfetamine for BED treatment have generally
been of short duration, and tolerability has been similar to that
observed in ADHD [14]. In phase III trials, > 10% of patients
in the lisdexamfetamine group reported dry mouth, headache,
and insomnia, which occurred with greater frequency than
with placebo, and minimal increases in pulse and blood pres-
sure were observed in the lisdexamfetamine group (4.41–
6.31 bpm for pulse, 0.2–1.45 mmHg SBP, and 1.06–
1.83 mmHg DBP) [14]. The mechanism(s) through which
lisdexamfetamine leads to improvement in BED are not well
understood. Ongoing research aims to identify potential neu-
robiological changes that may better explain these mecha-
nisms through a combination of neuroimaging, evaluation of
reward sensitivity and behavioral inhibition, and genetic test-
ing [15]. Lisdexamfetamine is a drug which clinicians may
encounter in the medication list of patients who have under-
gone RYGB, since ADHD and BED are relevant conditions
for this patient population.

The pharmacokinetics of some, but not all, drugs are altered
following RYGB [16–22]. Some of the anatomical and physio-
logical changes that result from surgery include a bypass of the
majority of the stomach, the entire duodenum, and the proximal
jejunum [1]. This results in a dramatic reduction in the surface
area available for oral drug absorption. Typically, the gastric pH
increases following RYGB as a result of a reduction in the num-
ber of acid-producing parietal cells, which also has the potential
to impact the dissolution of specific medications [22].

The pharmacokinetics of lisdexamfetamine and its active
metabolite have not been previously explored following
RYGB. Lisdexamfetamine is a Schedule II central nervous
system stimulant that is formulated as a prodrug, which is
hydrolyzed in red blood cells to form an active metabolite,
d-amphetamine [4]. The a priori hypothesis examined in this
study was that RYGB would attenuate the overall exposure to
lisdexamfetamine and amphetamine in RYGB relative to
matched NSC participants.

Materials and Methods

Study Design

This was a single-dose pharmacokinetic investigation that
employed a case-control design comparing patients who
underwent RYGB surgery to a matched group of nonsurgical
control participants. Each participant received one 50 mg cap-
sule of lisdexamfetamine (LDX; Vyvanse®, Shire US Inc.).

Participant Enrollment

Two groups of participants were included in this study: male
and female participants were eligible if they were between the
ages of 18–60 years and either: (a) underwent a RYGB 9–
24 months prior to study enrollment, or (b) had never under-
gone a bariatric surgery procedure and matched a RYGB par-
ticipant on sex, age, and BMI. To be included, participants had
to be (1) in good health as demonstrated by physical exami-
nation, electrocardiogram (ECG), and medical history; (2) if
of child-bearing potential, be practicing an effective method of
birth control; and (3) have no contraindications to receiving a
single 50 mg dose of lisdexamfetamine. Participants were ex-
cluded if they met any of the following criteria: (1) had an
allergy to the study drug; (2) were pregnant or lactating; (3)
were receiving a medication known to interact with
lisdexamfetamine, including any other stimulant medication;
(4) used any nicotine product in the prior 6 months; (5) had a
positive urine drug screen for any drug of abuse (at study
screening or on the morning of the study medication being
administered); (6) had any unstable neurological, hepatic, re-
nal, or cardiovascular disease on laboratory or electrocardio-
gram evaluation; (7) past history of psychotic illness or bipolar
disorder; (8) any history of drug abuse or dependence; (9) any
history of alcohol dependence, or current usage considered
high-risk; (10) participated in an investigational drug study
in the past 30 days; (11) had hemoglobin of < 11 g/dl for
females, < 12 g/dl for males; (12) had persistently elevated
resting blood pressure (> 140/90 mmHg) or pulse (>
100 bpm); and (13) any contraindication to being weighed
on a bioelectrical impedance analyzer.
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Eligibility for study participation was determined through a
detailed screening procedure consisting of a medical history
and physical examination, 12-lead electrocardiogram (ECG),
urine drug screen (screening visit and morning of drug admin-
istration), laboratory testing (i.e., Comprehensive Panel 14
which includes electrolytes, hepatic enzymes, BUN, creati-
nine, glucose, a complete blood count, and an hCG quantita-
tive pregnancy test when applicable), vital sign assessment,
height and weight measurement, BMI determination, and the
M.I.N.I. International Neuropsychiatric Interview (M.I.N.I.
7.0) [23] to assess psychiatric disorders.

Protocol for Medication Administration

Participants were asked to fast for a minimum of 8 h and avoid
alcohol for at least 24 h before presenting to the laboratory.
Medication was given in the morning with approximately 8 oz
of water. Whenever possible, participants were asked to take any
othermedications at least 2 h apart from receiving the study drug.
Participants were asked to abstain from any liquids for 1 h after
dosing, and standard lunch was provided after 4 h following
dosing. A standard snack was provided in the afternoon.
Participants were situated in an individual room equipped with
a bariatric surgery compatible recliner. Vital signs and adverse
events were assessed by the study nurse hourly.

Plasma Sample Collection and Processing

An indwelling intravenous (IV) catheter was used to collect
blood samples. The catheter was placed prior to dosing, and a
pre-dose baseline (time 0) sample was collected. Additional sam-
ples were collected at 0.25, 0.5, 0.75, 1, 1.25, 1.5, 2, 2.5, 3, 3.5, 4,
6, 8, 10, and 24 h after dosing. After the 10-h blood sample was
collected, the IV catheter was removed, adverse effects were
assessed, and participants were allowed to leave the research
facility until the following morning. Participants returned for
the 24-h blood draw the next morning; this sample was collected
through venipuncture, and adverse effects were again assessed.
Blood samples were collected inK2EDTA-containing vacutainer
tubes and subjected to centrifugation to produce plasma samples
for analysis. Samples were stored at − 20 °C until they were
shipped on dry ice to QPS LLC, for assay.

Lisdexamfetamine and Amphetamine Assay

Assay services for this protocol were conducted by QPS,
LLC, Newark, DE. A total of 319 plasma samples were ana-
lyzed as part of this protocol, using LC-MS/MS. The samples
were analyzed using the method entitled “SPD489: Validation
of an LC-MS/MS Bioanalytical Method for the Quantitation
of Lisdexamfetamine and Amphetamine in Human Plasma
(A3832M-SPD489),” which was validated at QPS, LLC. All
samples were reported from analytical runs that fell within the

acceptability criteria set by QPS’s standard operating proce-
dures and all incurred sample reanalysis test results met ac-
ceptability standards. The calibration range was 1–100 ng/ml
for lisdexamfetamine and from 2 to 200 ng/ml for amphet-
amine. Although the metabolite assay was not specific for
d-amphetamine versus l-amphetamine, lisdexamfetamine is
metabolized only to d-amphetamine. Therefore, amphetamine
concentrations represent the d-amphetamine moiety.

Pharmacokinetic and Statistical Analyses

Pharmacokinetic comparisons were performed through
Phoenix WinNonlin Version 8.1 [24], and participant charac-
teristics were descriptively compared using SPSS Version 25
[25]. Tests of significance were based upon a two-tailed alpha
of 0.05. Chi-square analyses were used to compare groups on
sex and ethnicity and two-tailed independent t tests were used
to compare groups on age and BMI. Comparisons between the
RYGB and NSC groups on area under the plasma
concentration–time curve extrapolated from 0 to infinity
(AUC(0–∞)), determined in h*ng/ml for the parent drug and
the metabolite (lisdexamfetamine and amphetamine, respec-
tively), were considered the main outcome variables of inter-
est. Other variables of interest included time to maximum
concentration (Tmax) in hours, maximum plasma concentra-
tion (Cmax) in ng/ml, and half-life (t1/2) measured in hours.
In addition, the relative bioavailabilities of lisdexamfetamine
and amphetamine were compared between the RYGB and the
NSC group. Parametric testing (unpaired samples t tests) were
used for pharmacokinetic comparisons after it was determined
that the data were normally distributed as assessed through the
Kolmogorov-Smirnov test for normality.

Regulatory Approvals

This study was approved by the Institutional Review Boards of
Sanford Health Systems, North Dakota State University, and the
University of North Dakota. All participants provided written
informed consent prior to participation and all participants re-
ceived financial remuneration for any potential expenses they
incurred in the study (e.g., hotel, travel, time). The study was
registered at ClinicalTrials.gov (NCT03070509).

Results

Participant Characteristics

The majority of participants in this study were female and white.
Mean time since surgery in the RYGB group was 14.4 months,
and there were no significant differences between the RYGB and
NSC groups on sex, age, BMI, or ethnicity. Table 1 contains data
on characteristics of the study sample.
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Medication Tolerability

Lisdexamfetamine 50 mg was generally well tolerated, and no
serious adverse events occurred during the conduct of this
study. Increases in baseline (pre-dose) systolic and diastolic
blood pressure were observed in both the RYGB and NSC
groups. In the RYGB group, there was a maximal mean in-
crease from baseline (pre-dose) in systolic blood pressure
(SBP) of 16.6 (± 12.5) mmHg that occurred on average 3.97
± 2.65 h after dosing, whereas in the NSC group, mean SBP
increased by 20.4 (± 6.3) mmHg from the pre-dose measure-
ment at 4.63 ± 1.64 h post-dose. The magnitude of SBP in-
crease did not significantly differ between groups (t(18) = −
0.858, p = .402), nor did the time to maximal increase from
baseline (t(18) = − 0.662, p = .517). Diastolic blood pressure
(DBP) also increased from pre-dose values in both groups,
by an average of 14.1 ± 7.3 mmHg and 13.3 ± 6.5 mmHg in
the RYGB and NSC groups, respectively (t(18) = 0.260,
p = .798). Time to reach maximum increase in DBP over
baseline levels was 3.6 ± 2.7 h and 6.0 ± 3.04 h in the
RYGB and NSC groups, respectively (t(18) = − 1.88,
p = .077). Other reported side effects included headache
(n = 1 RYGB, n = 1 NSC), insomnia (n = 1 RYGB), mild
dizziness (n = 1 RYGB), moderate heartburn (n = 1 RYGB),
frequent urination (n = 1 RYGB), sweating/flushing (n = 1
RYGB), and jitteriness (n = 1 NSC).

Pharmacokinetic Comparisons

Pharmacokinetic parameters assessed in this study included the
AUC(0–∞) (h*ng/ml), Cmax (ng/ml), Tmax (h), and elimination
half-life (t1/2). There were no significant differences noted on any
comparison between RYGB and NSC for ei ther
lisdexamfetamine or d-amphetamine. The relative bioavailability
(RYGB/NSC) was found to be 1.2 for lisdexamfetamine and 0.9
for amphetamine. Pharmacokinetic comparisons and associated
statistical tests can be found in Table 2. Figure 1 depicts the

plasma concentration time profiles of lisdexamfetamine and d-
amphetamine in the NSC and RYGB groups. One plasma con-
centration data-point for one participant was considered an out-
lier and eliminated from analysis because it deviated from the
mean by greater than two standard deviations. The exclusion of
this data point did not change the conclusions of any tests of
significance.

Discussion

This study shows that within the range of 9 to 24 months after
RYGB, there is no apparent impact of the procedure on the
pharmacokinetic properties of lisdexamfetamine or its active
metabolite. No differences from controls were observed on
any pharmacokinetic parameter assessed, and the relative bio-
availability comparisons between the post-RYGB and NSC
groups were 120% and 90% for lisdexamfetamine and d-am-
phetamine, respectively. Pharmacokinetic parameters observed
across multiple studies with lisdexamfetamine have been
reviewed by Ermer and colleagues [21] and results from the
current study closely align with prior data from healthy adults.
Data from this study showed a transient increase in SBP and
DBP of up to 20 mmHg (SBP) and 14 mmHg (DBP) that
occurred 3.5–6 h after dose administration. The package insert
for the drug [4] describes a 2–4 mmHg increase in average
blood pressure readings while on the drug and it is unclear
whether this more modest sustained increase would have been
observed at steady state in the participants in this study.

At the onset of the study, it was hypothesized that concentra-
tions of lisdexamfetamine, and of particular importance the active
moiety d-amphetamine, may be reduced in patients who have
undergone RYGB relative to NSC participants. The primary
rationale for this hypothesis was that the dramatic reduction in
gastrointestinal surface area followingRYGBmay lead to dimin-
ished drug absorption as seen with other psychotropic com-
pounds [16, 18]. However, lisdexamfetamine is a

Table 1 Participant
characteristics Participant characteristics Surgical (RYGB)

(n =10)
Control (nonsurgical)
(n =10)

Statistical
comparison

Sex F=7, M=3 F=7, M=3 X2
(1) = 0.000, p=
1.00

Age (mean ± SD) (years) 40.9±9.6 41.3±8.9 t (18)=−0.096, p=
.92

BMI (mean ± SD) (kg/m2) 30.3±5.2 31±5.9 t (18)=−0.282, p=
.78

Months since surgery (mean ± SD;
range)

14.4±3.5 (10–21) --- ---

Ethnicity (frequency) W =10 W =8

More than one race=2

X2
(1) =2.222, p=
.47

BMI body mass index, RYGB Roux-en-Y gastric bypass, W White

4292 OBES SURG (2021) 31:4289–4294



pharmacologically inactive drug consisting of covalently bonded
l-lysine to d-amphetamine [26]. The compound is rapidly taken
up by the small intestine through carrier-mediated active trans-
port processes, and once in the cytosol of the erythrocyte, an
aminopeptidase hydrolyses the compound to form d-amphet-
amine, which can then penetrate the blood brain barrier and exert
a pharmacological effect [26]. Coupled with the rapid active
absorption reported in the intestine, data from rats show that
absorption can occur in all three segments of the small intestine
[27]. Additionally, gastric pH does not alter the absorption of
lisdexamfetamine [26]. Thus, the change in gastric pH and the
reduction in surface area that occurs after RYGB (i.e., duodenum
and proximal jejunum) appears to be inconsequential given the
absorptive characteristics of this drug.

There are limitations of this study that should be considered.
This was a small cross-sectional study. A larger, prospective
study design would reduce the impact of any between-subject
differences and increase statistical power. Yet, pharmacokinetic
parameters in this study were well aligned with previously pub-
lished data and no differences were observed between groups,

suggesting that the impact of any inter-individual differences in
this study were likely minimal. This study used a single-dose
design rather than a multiple-dose design, and it is possible that
differences could be observed at steady state. Finally, this study
only evaluated patients within a narrow window (9–24 months)
following one specific bariatric surgery procedure (RYGB). Data
from this study cannot rule out the possibility that pharmacoki-
netic changes would be apparent at other time-points relative to
surgery, or that other bariatric surgery procedures (e.g., sleeve
gastrectomy) may affect the pharmacokinetic properties of
lisdexamfetamine and d-amphetamine.

The results of this study suggest that universal dosage ad-
justments for patients who undergo RYGB are not warranted.
Data also suggest that blood pressure monitoring for patients
taking this drug is prudent. These data do not preclude the
possibility that individual patients may experience changes
in pharmacokinetics and require adjustments in dosing. The
efficacy and tolerability of lisdexamfetamine, along with all
concomitant medications, should be assessed during clinical
visits following RYGB.

Table 2 Pharmacokinetic
parameters of lisdexamfetamine
and amphetamine

Pharmacokinetic
parameter

Lisdexamfetamine Amphetamine

Control
(n =10)

RYGB
(n =10)

Statistical
comparison

Control
(n =10)

RYGB
(n =10)

Statistical
comparison

AUC (h*ng/ml) 30.8 ± 8.3 37.6 ± 16.3 t(18) =1.18,
p=0.25

800.7 ± 183.5 712.2 ± 162.5 t(18) =1.14,
p=0.27

Tmax (h) 1.2 ± 0.4 1.1 ± 0.3 t(18) =1.02,
p=0.32

3.6 ± 1.0 3.3 ± 0.4 t(18) =1.07,
p=0.30

Cmax (ng/ml) 24.5 ± 7.2 28.5 ± 11.2 t(18) =0.94,
p=0.36

42.3 ± 5.8 41.7 ± 7.9 t(18) =0.20,
p=0.84

T1/2 (h) 0.4 ± 0.1 0.4 ± 0.1 t(18) =0.15,
p=0.88

11.5 ± 4.0 10.9 ± 3.3 t(18) =0.37,
p=0.71

Relative
bioavailability
(surgical/control)

Lisdexamfetamine=1.2

Amphetamine=0.9

AUC area under the plasma concentration time curve from 0 to infinity, Tmax time to maximum concentration,
Cmax maximum concentration, T1/2 elimination half life

Fig. 1 Plasma concentration time profiles of lisdexamfetamine and amphetamine in RYGB and control groups
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Conclusions

Pharmacokinetic parameters were found to be equivalent be-
tween those who underwent RYGB within the past 9–
24 months and those who have never undergone a bariatric
surgical procedure. Therefore, clinical dosage adjustments do
not appear uniformly warranted, although efficacy and toler-
ability of lisdexamfetamine after bariatric surgery should be
monitored on an individual basis.
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