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Objective: Morbidly obese patients fre-
quently present with mood and anxiety
disorders, which are often treated with
serotonin reuptake inhibitors (SRIs). Hav-
ing observed that patients treated with
SRIs frequently relapse after Roux-en-Y
gastric bypass surgery, the authors sought
to assess whether SRI bioavailability is re-
duced postoperatively.

Method: Twelve gastric bypass candi-
dates treated with an SRI for primary
mood or anxiety disorders were studied
prospectively. Timed blood samples for
SRI plasma levels were drawn for phar-
macokinetic studies before surgery and
1, 6, and 12 months afterward. Maximum
concentration, time to maximum concen-
tration, and area under the concentra-
tion/time curve (AUC) were determined.

Results: In eight of the 12 patients, AUC
values 1 month after surgery dropped
to an average of 54% (SD=18) of preop-
erative levels (range=36%-80%); in six of
these patients, AUC values returned to
baseline levels (or greater) by 6 months.
Four patients had an exacerbation of de-
pressive symptoms, which resolved by 12
months in three of them. Three of the
four patients had a reduced AUC level at 1
month and either gained weight or failed
to lose weight between 6 and 12 months.
Normalization of the AUC was associated
with improvement in symptom scores.

Conclusions: Patients taking SRIs in
this study were at risk for reduced drug
bioavailability 1 month after Roux-en-Y
gastric bypass. The authors recommend
close psychiatric monitoring after surgery.

Katherine L. Wisner, M.D., M.S.

(Am ] Psychiatry 2012; 169:256-263)

Obesity has reached epidemic status in the United
States. According to the National Health and Nutrition
Examination Survey, the prevalence of obesity among
American adults increased from 15% during the period
1976-1980 to 34% in 2007 and 2008 (1). Obesity severity is
measured by body mass index (BMI), which is computed
by dividing body weight (in kilograms) by the square of
height (in meters). A BMI of 25 to 29.9 is considered to in-
dicate overweight; a BMI of 30-34.9 is designated as obese,
and a BMI 240 is designated as morbidly obese. Obesity
is associated with a wide spectrum of medical comor-
bidities, including sleep apnea, type 2 diabetes mellitus,
hypertension, cardiovascular disease, asthma, and can-
cers of the colon, breast, and endometrium. These condi-
tions contribute to the substantial morbidity and mortal-
ity associated with obesity; therefore, in individuals with
weight-related comorbidities, a BMI 235 is considered
morbidly obese.

Morbid obesity has been linked to psychiatric disorders,
most commonly major depressive disorder, with a report-
ed odds ratio 0f 4.98 (95% confidence interval=2.07-11.99)
(2). In one study, nearly two-thirds of bariatric surgery
candidates received a psychiatric diagnosis, most com-

monly major depression (3). Bipolar disorder is also prev-
alent among candidates for bariatric surgery (4). Psycho-
tropic medications (5) and atypical depressive symptoms
such as overeating and fatigue contribute to weight gain.
Persons with psychiatric disorders die decades earlier
than the general population (6, 7), and the majority of pre-
mature deaths are due to cardiovascular events (8).

Roux-en-Y Gastric Bypass Surgery

Morbidly obese patients who have failed dietary or
medical weight loss methods are potential candidates for
bariatric surgery to achieve long-term weight reduction.
In 2008, 220,000 bariatric surgeries were performed in the
United States and Canada (9). The Roux-en-Y gastric by-
pass is one of the most common bariatric procedures. It
may be performed either through an abdominal midline
incision or laparoscopically, using five or six transabdomi-
nal access ports. The laparoscopic approach is associated
with a more rapid recovery, lower rates of pulmonary com-
plications and wound infections, and less postoperative
pain. A gastric pouch 15-30 ml in volume is created to re-
strict food intake. The jejunum is then divided 40-50 cm
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“Ms. Z” is a 48-year-old white married woman who had failed multiple attempts at weight loss and presented
for Roux-en-Y gastric bypass surgery. Her height was 1.57 m, and her weight was 114 kg (body mass index=46).

She had a history of obsessive-compulsive disorder
and recurrent major depression and had been success-
fully treated with sertraline, 100 mg/day, with a 2-year
period of remission prior to surgery. Ms. Z underwent
a laparoscopic retrocolic, retrogastric Roux-en-Y gastric
bypass under general anesthesia. She had an uncompli-
cated postoperative course. Three months after surgery,
she reported a relapse during the previous month, with
symptoms of marked anxiety. She had a recurrence of

distal to the ligament of Treitz, and the distal end is anas-
tomosed to the pouch. The proximal end is anastomosed
75-150 cm downstream to create a bypass, which induces
mild malabsorption.

After Roux-en-Y gastric bypass, patients achieve durable
weight loss and experience improvements in weight-relat-
ed comorbidities, quality of life, and mortality rates (10—
12). The mean percent excess weight loss (%EWL) is 75% at
5 years (13). The %EWL, the standard value for expressing
weight loss outcomes in bariatric surgery, is defined as the
interval weight loss divided by the difference between pre-
surgical weight and ideal body weight multiplied by 100.
Patients are advised to eat small meals three to five times
daily, avoid high-calorie snack foods, drink calorie-free
beverages, and exercise at least three times a week.

Pathophysiology

After Roux-en-Y gastric bypass, ingested food no longer
passes through the gastric antrum and duodenum; as a re-
sult, nutrient absorption is reduced (14-17) and patients
are required to take vitamin and mineral supplements.
Because food no longer passes through the duodenum,
which is the site of calcium and iron absorption, patients
must take these supplements for life. Vitamin B, from
ingested food normally binds to intrinsic factor in the
stomach for subsequent absorption in the terminal ileum.
Because of the separation of the stomach during gastric
bypass, the binding of vitamin B, to intrinsic factor is re-
duced, and therefore vitamin B, supplementation is re-
quired to prevent anemia.

The drastic alteration in gastrointestinal anatomy result-
ing from Roux-en-Y gastric bypass induces major changes
in drug disposition (18); however, few pharmacokinetic
studies have been conducted in gastric bypass patients (17,
19-22). After surgery, the absorption of a number of medi-
cations has been found to be reduced, including phenyto-
in, Ty, rifampin, and tamoxifen (23, 24). Antibiotic therapy
may require intravenous or intramuscular administration
or monitoring of oral antibiotic levels to ensure that dosing
is therapeutic (25). In a study comparing Roux-en-Y gastric
bypass patients to non-bypass comparison subjects, the
pharmacokinetics of tacrolimus, sirolimus, mycophenolic
acid, and mycophenolic acid glucuronide were all reduced
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obsessions and compulsions involving keeping objects in
an orderly and symmetrical fashion.

Ms. Z was the first subject to enter our formal pharmaco-
kinetics study. We confirmed that the bioavailability of ser-
traline postoperatively was only 36% of the preoperative
value. We offered Ms. Z liquid sertraline at the same dos-
age (100 mg/day) to improve absorption. One month later,
she reported a return to baseline, with marked reduction
in her anxiety and obsessive-compulsive symptoms.

(20). Roux-en-Y gastric bypass has been shown to have a
variable effect on the pharmacokinetics of atorvastatin,
ranging from a 2.9-fold decrease to a 2.3-fold increase in
AUC_g (area under the concentration/time curve, the in-
tegral of drug blood level over time from 0 to 8 hours as a
measure of quantity of drug absorbed) (21).

Because cytochrome P450 and other metabolizing en-
zymes are found in the bypassed proximal small intestine,
drugs that undergo substantial first-pass metabolism in
the intestine may be more bioavailable after Roux-en-Y
gastric bypass. Metformin absorption and bioavailability
increase after surgery (26); this agent is transported main-
ly by the organic anion-transporting polypeptides, which
may be up-regulated after surgery, leading to an increase
in absorption.

Despite the frequency of psychotropic drug use by bar-
iatric surgical patients, pharmacokinetic studies are rare.
In a study of five Roux-en-Y gastric bypass patients treated
with sertraline for major depression, the patients had a
lower mean AUC compared with non-surgical comparison
subjects after receiving a dose of 100 mg sertraline (19).

Possible Mechanisms of Action

Various factors may affect bioavailability of drugs in
Roux-en-Y gastric bypass patients. The mechanism of
the postsurgical reduction in serotonin reuptake inhibi-
tor (SRI) levels may be related to the markedly reduced
gastric acidity (14); absorption of the tablet form of SRI
decreases as a result of reduced solubility. After surgery,
the cardia is separated from the distal stomach; therefore,
most of the parietal cells are excluded from the pouch and
gastric pH is increased. An in vitro drug dissolution model
approximating the Roux-en-Y gastric bypass environment
demonstrated that 10 of 22 psychiatric medications had
significantly less dissolution compared with the control
environment (27).

Another contributing factor is the diminished intestinal
surface area available for drug absorption as a result of the
Roux-en-Y gastric bypass anatomy (17). Gastric emptying
may also be altered after gastric transection (18). Further-
more, the rapid weight loss induced by the procedure dur-
ing the first 18 months dramatically alters the volume of
distribution of drugs.
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Other explanations for the exacerbation of major de-
pression include reduced absorption of tryptophan,
which is a precursor of serotonin (28), and malabsorption
of vitamins and minerals that function as enzymatic co-
factors in the synthesis of neurotransmitters (29). Because
of the risk of iron and folate deficiency (30), gastric bypass
patients may be susceptible to both anemia and exacer-
bation of depression. In young women, iron deficiency is
associated with higher depressive symptom scores (31).
Folate deficiency has been linked to a reduced response to
antidepressants (32).

Method

Based on our observation that Roux-en-Y gastric bypass pa-
tients treated with antidepressants frequently experienced ex-
acerbation of psychiatric symptoms postoperatively, we hypoth-
esized that the procedure decreases the absorption of SRIs, which
include selective serotonin reuptake inhibitors (SSRIs) and sero-
tonin-norepinephrine reuptake inhibitors (SNRIs). We also evalu-
ated whether a reduction in plasma SRI levels and bioavailability
was associated with an exacerbation of depressive symptoms.

Morbidly obese adults who were seeking Roux-en-Y gastric
bypass and received maintenance treatment with an SRI for a
primary mood or anxiety disorder were eligible to participate in
the study. A convenience sample of 12 patients met criteria for
bariatric surgery (BMI >40 or BMI >35 with severe obesity-related
comorbidities). The patients were studied prospectively over the
course of 12 months under a protocol approved by the University
of Pittsburgh Institutional Review Board. The SRIs studied includ-
ed SNRIs (venlafaxine, N=5; duloxetine, N=1) and SSRIs (citalo-
pram, N=2; escitalopram, N=2; sertraline, N=2). Each subject
acted as his or her own control throughout the longitudinal study.

Psychiatric Assessment

All patients were assessed with the Structured Clinical Inter-
view for DSM-IV Axis I Disorders (33) to establish the psychiatric
diagnoses and psychotropic medication regimens. To measure
the severity of depressive symptoms, the Structured Interview
Guide for the Hamilton Depression Rating Scale-Atypical De-
pression Symptom Version (SIGH-ADS) (34) was administered
preoperatively within 2 weeks of the procedure and repeated at
1, 6, and 12 months postoperatively. The SIGH-ADS incorporates
a set of eight questions designed to assess atypical symptoms of
depression, which are associated with weight gain. Adherence to
SRI medication regimens was assessed by patient questionnaire
at each study visit.

Plasma Drug Analysis

High-performance liquid chromatography with ultraviolet
detection methods was used for analysis of venlafaxine, O-des-
methylvenlafaxine, sertraline, desmethylsertraline, citalopram,
desmethylcitalopram, escitalopram, and desmethylescitalopram.
The sertraline/desmethylsertraline analysis has been described
previously (35). The method of analysis for citalopram and esci-
talopram with major metabolites was derived from our sertraline
method. Deviations include the use of lipid-stripped normal hu-
man serum (Scantibodies Laboratory, Santee, Calif.) as the matrix
for standards and controls; 0.1 ml of a 4-mg/ml solution of fluvox-
amine as the internal standard; a 26% acetonitrile mobile phase;
and ultraviolet detection at 210 nm. The analytical method for the
analysis of venlafaxine and O-desmethylvenlafaxine was adapted
from our previously published method for chiral fluoxetine (36).

For the analysis of venlafaxine and O-desmethylvenlafaxine,
we used a high-performance liquid chromatography (Supelco,
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Bellefonte, Pa.) Discovery C18, 5-ug, 15-cm, 4.6-mm (catalog no.
504955) column with ultraviolet absorbance detection (225 nm).
Risperidone (1.0 pg) was the internal standard, and a 20% ethyl
acetate in heptane solution was used for the extraction solvent.
The mobile phase was 18/82 vol/vol acetonitrile/0.02 M potas-
sium dihydrogen phosphate with 8.5 ml of triethylamine per liter
adjusted to a pH of 6.0 with concentrated phosphoric acid. The
retention times were 4.1 minutes for O-desmethylvenlafaxine,
12.0 minutes for venlafaxine, and 26.4 minutes for risperidone.
The day-to-day coefficients of variation were 2.7%-8.5% for the
medium and high controls and 6.0%-9.0% for the low control. Du-
loxetine levels were analyzed by MedTox Scientific, Inc. (St. Paul).

Pharmacokinetic Studies

Pharmacokinetic study sample acquisition was performed at
our clinical research center. Patients took their dose of SRI medi-
cation at 8:00 a.m., and blood samples were collected through a
peripheral intravenous catheter over a 7-hour period for plasma
assay of the parent SRI drug and its major metabolite. Data for SRI
concentrations over time underwent descriptive model-indepen-
dent pharmacokinetics using WinNonlin, version 4.1 (Pharsight,
Cary, N.C.). Among the pharmacokinetic parameters determined
were the maximum concentration (Cyax), time to Cyax (Tyax),
and AUC,_;. Like the psychiatric assessments, the pharmacoki-
netic assays were performed preoperatively within 2 weeks of the
procedure and at 1, 6, and 12 months postoperatively.

We evaluated differences in the AUC values under the one-sid-
ed hypothesis that the postoperative values would be lower than
the baseline values, which reflects lower bioavailability. The mean
dose-corrected AUC values at baseline were compared with the
values at 1, 6, and 12 months for patients in the overall sample
as well as in the SSRI (N=6) and SNRI (N=6) subgroups. The Wil-
coxon signed-rank test was used to evaluate significance.

Surgical Procedure

The patients underwent laparoscopic Roux-en-Y gastric by-
pass surgery under general anesthesia within 2 weeks after their
preoperative psychiatric assessment and pharmacokinetic stud-
ies. A six-port technique was used, and a 15-ml gastric pouch was
created using linear staplers. The biliopancreatic limb was 40 cm
long; the Roux limb was 75 cm long for patients with a BMI <50
and 150 cm long for those with a BMI >50. A side-to-side jejunoje-
junostomy was created using a linear stapler. The Roux limb was
anastomosed to the pouch using a combined linear-stapled and
hand-sewn technique.

Results

The sample consisted of 11 women and one man. The
mean age was 41.9 years (SD=12.5, range=22-56), and the
mean preoperative BMIwas48.9 (SD=5.9,range=37.4-56.4).
Psychiatric diagnoses included major depressive disorder
(N=6), dysthymic disorder (N=1), bipolar I disorder (N=1),
bipolar II disorder (N=2), generalized anxiety disorder
(N=1), and anxiety disorder not otherwise specified (N=1).
Patients were taking venlafaxine (N=5), citalopram (N=2),
escitalopram (N=2), sertraline (N=2), or duloxetine (N=1).
Additional demographic data and clinical data, including
the values of the dose-corrected pharmacokinetic param-
eters and SIGH-ADS scores, are presented in Table S1 in
the data supplement that accompanies the online edition
of this article.

The mean %EWL at 12 months was 48.8% (SD=16.3,
range=27.9-80.3). In eight patients (patients 2, 4, 5, 6, 7,
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FIGURE 1. Pharmacokinetic Plots for Serotonin Reuptake Inhibitors in Eight Patients Before and After Roux-en-Y Bariatric

Bypass Surgery?
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2The logyo plots show dose-corrected plasma concentration over time.

9, 10, and 11), the AUC values for SRIs had decreased 1
month after surgery compared with preoperative levels.
Figure 1 presents the pharmacokinetic data for these eight
patients, whose AUC values dropped to an average of 54%
of the preoperative levels, with a range of 36%-80% of the
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baseline value. For patient 4, the final preoperative blood
sample was drawn at 6 hours, and therefore a preoperative
AUCy_; could not be calculated. However, the AUC(_g was
0.003 hours/liter, which may be extrapolated to AUC,_; as
a linear estimation. In six of these eight patients (patients
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FIGURE 2. Dose-Corrected AUC Over Time for Serotonin
Reuptake Inhibitors Before and After Roux-en-Y Bariatric
Bypass Surgery?
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aAUC=area under the concentration/time curve; SNRI=serotonin-
norepinephrine reuptake inhibitor; SSRI=selective serotonin reup-
take inhibitor.

4,5,6,7,9,and 11), the AUC values had returned to base-
line or exceeded preoperative levels at 6 months (Figure
1). For patient 12, the AUC was maintained at 1 month
but had decreased at 6 months and again at 12 months.
In three patients (patients 1, 3, and 8), the AUC values re-
mained constant or increased postoperatively.

The mean baseline AUC and 1-month AUC values were
significantly different for the entire sample (Wilcoxon
signed-rank test=-21.0, one-tailed p=0.05) and for the SSRI
group (Wilcoxon signed-rank test=-9.5, one-tailed p=0.03),
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butnot for the SNRI group (Wilcoxon signed-rank test=-1.5,
one-tailed p=0.42). The comparisons for 6 and 12 months
with baseline values were not significant for the entire sam-
ple or for either the SSRI or the SNRI group. Figure 2 dis-
plays the AUC data for the 12 patients at each assessment.

Normalization of the AUC was associated with an im-
provement in SIGH-ADS score. Four patients had an ex-
acerbation of depressive symptoms postoperatively (pa-
tients 2, 3, 7, and 9), which resolved by 12 months in three
patients. Three of the four patients (patients 2, 7, and 9)
had a reduced AUC at 1 month. Patient 9 was hospital-
ized for a suicide attempt by overdose at 3 months, but
her symptoms had improved dramatically by 12 months,
when her AUC exceeded her baseline value.

Lack of adherence to SRI treatment was examined
as a reason for reduction in postoperative SRI levels at
1 month. If the ratios of parent drug to metabolite were
variable, then partial adherence, disrupted hepatic me-
tabolism, or erratic absorption might be possible explana-
tions. However, the parent drug-to-metabolite ratios were
constant as a function of time, which suggests that the pa-
tients were adherent (37).

Clinical Impact

Eight patients had reduced SRI bioavailability 1 month
after the procedure, as measured by AUC. The potential
impact of lower bioavailability and reduced efficacy of SRI
medication is substantial given that mental illness, par-
ticularly major depression, plays a major role in weight
loss outcomes following surgery (38, 39). Bariatric surgery
patients with psychiatric disorders lose significantly less
weight compared with those who do not have a preopera-
tive psychiatric diagnosis (38, 39). Patients who experi-
ence an exacerbation of symptoms are prone to maladap-
tive eating behaviors and may struggle to adhere to the
required dietary and exercise regimens after surgery (40).
These combined factors are likely to promote suboptimal
weight loss after surgery (41). Three of our study patients
who had an exacerbation of major depression either did
not lose weight or gained weight between study visits.

In all but two patients, the AUC values were increased
or returned to baseline by 6 months and were sustained
through 12 months. One possible explanation for this find-
ing is the adaptive increase in the absorptive surface area
of the small intestinal mucosa that occurs after surgery.
Elevated levels of glucagon-like peptide-2 result in muco-
sal crypt cell proliferation, which restores the absorptive
surface of the intestine postoperatively, thereby improv-
ing drug absorption (39). The substantial weight loss fol-
lowing surgery may also contribute to the improvement
in drug availability across time by reducing the volume of
distribution (42). Nevertheless, three patients (patients 1,
2, and 12) did not return to their baseline AUC values dur-
ing the 1-year follow-up period.

To our knowledge, this is the first study in which longitu-
dinal SRI pharmacokinetic studies and psychiatric assess-

Am | Psychiatry 169:3, March 2012



ment data have been collected simultaneously for 1 year
following bariatric surgery. Determination of the extent
to which our findings apply to other orally administered
drugs is crucial to the long-term well-being of this highly
comorbid population. Limitations of our study include
the small sample size and the variability in SRI medica-
tions used among the participants. However, each subject
acted as his or her own control, which directly addresses
the impact of Roux-en-Y gastric bypass on the bioavail-
ability of the SRI for the individual across time and is the
primary clinical management concern.

Although a significant reduction in AUC was observed
for the entire sample, it was more prominent in the SSRI
group than the SNRI group. Differing drug dissolution
characteristics may explain these findings. In physiologic
solutions created to approximate a presurgical compared
with a postsurgical gut environment (27), the SSRIs ser-
traline, fluoxetine, and paroxetine were significantly less
soluble in the postsurgical than in the presurgical solu-
tion. No significant difference was observed between so-
lutions for venlafaxine, which supports our observation
of less dramatic reductions in the bioavailability for SN-
RIs compared with SSRIs. The differences between SNRIs
and SSRIs may be related more to solubility characteristics
than to drug class, since solubility of the SSRI citalopram
did not differ between conditions.

Treatment Considerations

Patients who are taking an SRI and undergoing Roux-
en-Y gastric bypass are at substantial risk for reduced drug
bioavailability. Control of psychiatric symptoms is critical
for maintaining long-term weight loss, safety, and qual-
ity of life. An elevated risk for suicide has been reported in
postbariatric surgery patients compared with non-surgical
controls (43). Based on our clinical experience and research
findings, we suggest the following management strategies:

1. Maintain collaboration between the surgical and psy-
chiatric management teams for monitoring and rapid in-
tervention if psychiatric symptoms recur.

2. Treat the patient to optimal response of the psychi-
atric illness to establish the most efficacious drug dosage
before surgery.

3. Educate patients about the potential for worsening
psychiatric symptoms after surgery and engage them in
self-monitoring.

4. Use a standard measure of symptom severity to assess
systematically the course in the first postoperative year,
such as the publicly available Patient Health Questionnaire
(44), the Center for Epidemiologic Studies Depression
Scale (45), and the Generalized Anxiety Disorder Scale (46).

5. Because the reduction in SRI bioavailability occurs
within the first month after surgery for the majority of pa-
tients, symptom evaluation should take place within this
time frame. Repeated assessments at 3, 6, and 12 months
are recommended.
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6. All patients taking SRIs should have contact informa-
tion for emergency psychiatric treatment near their area of
residence (which may be distant from the surgical facility).

7. If recurrence of the psychiatric symptoms occurs, the
goal is to provide psychosocial support during recovery
and to increase the bioavailability of the drug. The latter
can be achieved by using a formulation that is absorbed
more readily, such as a liquid (as in the case of Ms. Z in
the vignette); crushing pills; using immediate- rather than
sustained-release preparations; increasing the dosage
and/or dividing the dosage into multiple administrations
throughout the day; or using transdermal or intravenous
agents. Many SRI medications are formulated as liquids,
but these may need to be specially ordered at most phar-
macies.

Conclusions

Patients taking SRIs are at risk for substantial reduc-
tion in drug bioavailability after Roux-en-Y gastric bypass,
particularly during the first month after surgery. These
patients should be monitored closely for recurrent psy-
chiatric symptoms. In our sample of 12 patients, recovery
occurred in the majority by 6 months, but the 12-month
course was variable across the sample. Strategies to en-
sure that therapeutic doses of oral medications are bio-
available after surgery and alternative modes of drug de-
livery warrant further investigation.

In this study, we focused on recurrence of psychiatric
symptoms secondary to reduced SRI bioavailability; how-
ever, the dramatic improvement in AUC values (and in the
majority of cases, in depressive symptoms) at 12 months
also warrants exploration. Although we did not observe
increased side effects attributable to SRIs, their occur-
rence is a theoretical possibility. Population pharmacoki-
netic data and longitudinal modeling would be useful to
improve data to support improvement of clinical care for
the gastric bypass patient’s dynamic postoperative phar-
macotherapy needs.
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Clinical Guidance: Pharmacokinetics of Serotonin Reuptake
Inhibitors After Gastric Bypass

Morbidly obese patients treated with serotonin reuptake inhibitors for mood and
anxiety disorders frequently relapse following gastric bypass surgery. Drug absorp-
tion 1 month postoperatively dropped to an average of 54% (SD=18%) of preopera-
tive levels (range, 36%-80%) for eight of the 12 patients studied by Hamad et al., but
it returned to baseline levels by 6 months for six patients. Those who relapsed into
depression with low blood levels frequently failed to lose weight as well. Psychiatric
and pharmacokinetic monitoring of these patients, particularly in the first postsur-
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