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ORIGINAL RESEARCH
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ABSTRACT

RÉSUMÉ

Background: Patients who have undergone bariatric surgery generally
need fewer medications as they experience improvement in, or even
resolution of, various medical conditions, including type 2 diabetes
mellitus, hypertension, and dyslipidemia. Published data on changes in
medication use after laparoscopic sleeve gastrectomy, a type of bariatric
surgery that is growing in popularity, are limited.

Contexte : Les patients ayant subi une chirurgie bariatrique ont généralement besoin de moins en moins de médicaments au fur et à mesure qu’ils
voient leurs différentes affections, notamment le diabète sucré de type 2,
l’hypertension et la dyslipidémie, s’estomper ou même se résorber. Or,
il existe peu d’études publiées sur les changements apportés à la
pharmacothérapie des patients ayant subi une gastrectomie longitudinale
laparoscopique, une chirurgie bariatrique de plus en plus utilisée.

Objective: To determine whether patients took fewer medications for
management of type 2 diabetes, hypertension, and dyslipidemia after
laparoscopic sleeve gastrectomy, relative to preprocedure medications.
Methods: In this prospective, single-centre cohort study, a nurse
practitioner used standard medication reconciliation and study dataextraction forms to interview adult patients who had undergone
laparoscopic sleeve gastrectomy and determine their medication use and
pertinent demographic data. The data were analyzed using generalized
estimating equations and standard statistical software. Outcome measures
included changes in the use of antidiabetic, antihypertensive, and
antilipemic medications at 1, 3, and 6 months after the surgery.
Results: A total of 65 patients who underwent laparoscopic sleeve
gastrectomy between May 2011 and January 2014 met the study
inclusion criteria. Before surgery, the 30 patients with type 2 diabetes were
taking an average of 1.9 antidiabetic medications. One month after the
procedure, 15 (50%) had discontinued all antidiabetic medications, with
a further decline at 3 and 6 months (p < 0.001 at each time point). Among
the patients who were taking antihypertensives (n = 48) and antilipemics
(n = 33) before surgery, the decline in use occurred at a more modest rate,
with 6 (12%) and 2 (6%), respectively, discontinuing these medication
classes within 1 month, and 12 (25%) (p = 0.001) and 8 (24%) (p =
0.015) having discontinued by 6 months.

Objectif : Déterminer si les patients prennent moins de médicaments
pour le traitement du diabète de type 2, de l’hypertension et de la
dyslipidémie après avoir subi une gastrectomie longitudinale
laparoscopique comparativement à leur situation avant l’opération.
Méthodes : Dans cette étude de cohorte prospective menée dans un seul
centre, un membre du personnel infirmier praticien a utilisé des
formulaires standards de bilan comparatif des médicaments et d’extraction
de données d’étude afin d’interroger des patients adultes ayant subi une
gastrectomie longitudinale laparoscopique, et ce, dans le but de connaître
leur consommation de médicaments ainsi que de recueillir des données
démographiques pertinentes. Les données ont été analysées à l’aide
d’équations d’estimation généralisées et d’un logiciel statistique
courant. Les critères de jugement incluaient l’adaptation du traitement
antidiabétique, antihypertenseur et hypolipémiant, un mois, trois mois
et six mois après la chirurgie.

Conclusions: These findings suggest that patients with a history of type
2 diabetes mellitus, hypertension, and/or dyslipidemia who undergo
laparoscopic sleeve gastrectomy are less likely to require disease-specific
medications shortly after surgery.

Résultats : Au total, 65 patients ayant subi l’intervention chirurgicale
entre mai 2011 et janvier 2014 ont été admis dans l’étude. Avant
l’opération, les 30 patients atteints du diabète de type 2 prenaient en
moyenne 1,9 antidiabétique. Un mois après la chirurgie, 15 (50 %)
d’entre eux ont cessé de prendre des antidiabétiques, un chiffre qui a augmenté après le troisième et le sixième mois (p < 0,001 à chaque point dans
le temps). Parmi les patients qui prenaient des antihypertenseurs (n = 48)
et des hypolipémiants (n = 33) avant l’intervention chirurgicale, un moins
grand nombre a cessé de prendre ces médicaments. Seulement 6 (12 %)
patients ont cessé les antihypertenseurs et 2 (6 %) patients ont cessé les
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hypolipémiants après un mois, puis 12 (25 %) (p = 0,001) et 8 (24 %)
(p = 0,015) respectivement après six mois.
Conclusions : Ces résultats laissent croire que les patients atteints du
diabète sucré de type 2, d’hypertension ou de dyslipidémie qui subissent
une gastrectomie longitudinale laparoscopique courent la chance de ne
plus avoir besoin de médicaments pour traiter ces maladies, et ce, peu de
temps après la chirurgie.

Can J Hosp Pharm. 2015;68(2):113-20

INTRODUCTION

O

besity is often categorized using body mass index (BMI, in
kg/m2) to reflect the health risk associated with increasing
weight, especially with severe obesity (BMI ≥ 35).1-4 Obese
individuals are at increased risk of type 2 diabetes mellitus,
hypertension, osteoarthritis, and some cancers (e.g., colorectal).2,5-7
Severe obesity is associated with a greater than 8-fold increased
risk of diabetes relative to normal weight.8 Excessive body weight
can significantly impair quality of life9-15 and is associated with
increased absenteeism from work,16,17 decreased work productivity, and decreased likelihood of employment.15,17-19 Severe obesity
is also linked to increased use of health services and risk of
premature death, with life expectancy being shortened by 5 to
13 years.3-5,9,20-23
In 2011, about 10% of Canadian adults were classified as
having severe obesity, and this proportion is projected to grow.24,25
Overall, it has been estimated that obesity (BMI ≥ 30) costs the
Canadian economy $4.6 billion annually, and many of these
costs are associated with the management of obesity-associated
chronic diseases.2,26 For adults with BMI of 35 or above and
comorbid conditions refractory to medical treatment and for
those with BMI of 40 or above, bariatric surgery is recommended.27,28 Bariatric surgery is the surgical manipulation of a
portion of the gastrointestinal tract to limit food intake and/or
caloric absorption.29 About 6000 bariatric procedures were
performed in Canada in 2012–2013, an almost 4-fold increase
over the preceding 6 years.30 Over the same period, there was also
an increase in the number of Canadian hospitals performing
bariatric surgery (from 34 to 46).30 Four types of bariatric procedures are available in Canada: Roux-en-Y gastric bypass,
adjustable gastric banding, laparoscopic sleeve gastrectomy, and
biliopancreatic diversion.30,31 Laparoscopic sleeve gastrectomy was
originally a component of the biliopancreatic diversion with
duodenal switch procedure and later was used as the first half of
a staged procedure for patients with extremely high BMI.32 It has
now emerged as a stand-alone procedure, because of the substantial weight loss that has been observed following the surgery, and
is gaining in popularity,30,33 representing 28% of bariatric surgeries performed in Canadian hospitals in 2012.30 This surgery
involves removing most of the greater curvature of the stomach,
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leaving a gastric “tube” or sleeve with a capacity of 60 to 100
mL.34 The procedure is well tolerated, has lower complication
rates and a shorter operating time than Roux-en-Y gastric bypass,
and achieves greater weight loss than adjustable gastric
banding.35-37 Improvement in or resolution of diabetes, hypertension, and dyslipidemia has been observed after laparoscopic
sleeve gastrectomy, although the mechanism is not clearly understood.38-40 Data specific to this procedure are limited, but published cost-effectiveness analyses of other bariatric procedures are
favourable: $12 701 per quality-adjusted life-year (QALY) over
10 years for diabetes, $8659/QALY for hypertension, and
$7811/QALY for hyperlipidemia.40 One area of cost saving is the
reduction in use of medications for chronic diseases.40,41
Information about medication use after laparoscopic sleeve
gastrectomy is beginning to emerge but is currently limited
to retrospective37,42 or small prospective studies (50 or fewer
participants).43-45 However, the results are promising, showing a
reduction in medication use, particularly for antidiabetic
agents46,47 and for antihypertensive and lipid-lowering
agents.37,43,44,48
This study was undertaken to determine whether patients
were taking fewer medications for the management of diabetes,
hypertension, and dyslipidemia at 1, 3, and 6 months after
laparoscopic sleeve gastrectomy.

METHODS
The provincial Health Research Ethics Authority granted
approval to conduct the study. A cohort of patients 19 years of
age and older who underwent laparoscopic sleeve gastrectomy at
the Health Sciences Centre, Eastern Health site, of the provincial
multidisciplinary bariatric surgery program located in St John’s,
Newfoundland and Labrador, were identified and followed
prospectively.
A nurse practitioner (R.M.) screened patients for eligibility
for the surgery. Patients selected for laparoscopic sleeve gastrectomy were those who met the eligibility criteria set out in the
Canadian consensus guidelines for the treatment of obesity: adult
patients with BMI of 35 kg/m2 or greater and one or more
specified comorbidities and those with BMI of 40 kg/m2 or
greater, regardless of comorbidities.27 All participants provided
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written, informed consent, which was obtained by the research
nurse coordinator (K.M.).
The nurse practitioner used standard medication reconciliation
and study data extraction forms to interview study participants.
The analysis presented here covers only patients who had a diagnosis of diabetes, hypertension, and/or dyslipidemia and who
were taking medications for at least one of these comorbid
conditions at baseline. Type 2 diabetes mellitus was defined as
fasting plasma glucose of 7.0 mmol/L or above or glycated
hemoglobin (A1C) of 6.5% or above.49 Other patients whose
diabetes was medically managed were identified through their
medication-use profile, as well as self-reported medical history.
Presence of diagnosed hypertension and dyslipidemia was based
on self-reporting by patients. Data collected included demographic and clinical characteristics (e.g., age, sex, number and
types of obesity-related comorbid conditions), pre- and postoperative anthropometric measurements (e.g., weight, height),
and types and number of pre- and post-operative medications
(both prescription and nonprescription).
The primary outcomes were the changes in use of antidiabetic, antihypertensive and antilipemic medications. Change was
determined at 1, 3, and 6 months after surgery by 2 methods:
(1) percentage of patients who were no longer taking any medications in the relevant class and (2) mean number of medications
in the relevant class used by those who continued to require
medications. The secondary outcome was weight loss, expressed
in 2 ways: (1) excess weight loss (%EWL) = ([W0 – W1]/[W0 –
IBW]) × 100%, where W0 is the preoperative weight (kg),
W1 is the weight at last follow-up (kg), and IBW is the ideal
body weight (kg) based on the Metropolitan Life tables for
middle frame individuals50; and (2) percent change in total body
weight = ([W0 – W1]/W0) × 100%.51 Outcome measures were
assessed at baseline (before surgery) and 1, 3, and 6 months after
laparoscopic sleeve gastrectomy.
Surgical Technique
Each sleeve gastrectomy procedure was performed laparoscopically under general anesthesia. A 6-port technique was used,
and a 42-Fr Bougie tube was used to determine the appropriate
diameter of the sleeve. The sleeve was created using an endoscopic GIA stapler with Tri-Staple technology (Covidien Canada,
Saint-Laurent, Quebec). The resection was started about 7 cm
proximal from the pylorus. An endoscopic air leak test was routinely performed to confirm that the staple line was intact, and
an upper gastrointestinal contrast study was performed on the
first postoperative day, before introduction of an oral liquid diet.
Statistical Analysis
Statistical analyses were performed using SPSS Statistics for
Windows, version 20.0 (IBM Corp, Armonk, New York). Data
for continuous variables with a normal distribution are reported
as mean ± standard deviation (SD). Categorical variables are
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summarized as frequencies (i.e., numbers and percentages).
Binary logistic regression models based on generalized estimating
equations (GEEs) with exchangeable correlation were used to
take into account the dependency between repeatedly measured
outcomes. There were no missing data for patients’ medications
at any time point. The final multivariate GEE model produced
adjusted odds ratios and 95% confidence intervals (CIs). Statistical significance was set at p < 0.05.52

RESULTS
Between May 2011 and January 2014, a total of 188 laparoscopic sleeve gastrectomy procedures were performed. Within
this cohort, 65 patients were taking an antidiabetic, antihypertensive, and/or antilipemic agent at baseline (see Table 1). Most
of these patients were women (50/65 [77%]), and most were
Table 1. Baseline Characteristics of Patients before
Laparoscopic Sleeve Gastrectromy*
Characteristic

Mean ± SD or
No. (%) of Patients
47.4 ± 10.6
50/65 (77)
58/64 (91)
41/64 (64)
51/64 (80)
133.9 ± 23.1
140.5 ± 15.7
48.9 ± 6.9
6/65 (9)
59/65 (91)

Age, years (n = 65)
Sex, female
Ethnicity, white
Education, completed postsecondary
Marital status, married or common-law
Weight, kg (n = 65)
Waist circumference, cm (n = 48)
BMI, kg/m2 (n = 65)
Obesity class II
Obesity class III
Chronic conditions
Mean no. per patient (n = 64)
6.6 ± 3.0
With 0 comorbidities
0/64 (0)
With 1 comorbidity
1/64 (2)
With 2 comorbidities
0/64 (0)
With 3 comorbidities
8/64 (12)
With ≥ 4 comorbidities
55/64 (86)
Type 2 diabetes mellitus
40/65 (62)
Hypertension
48/64 (75)
Dyslipidemia
43/63 (68)
A1C, % (n = 65)
7.0 ± 1.5
Fasting glucose, mmol/L (n = 65)
7.2 ± 2.6
Blood pressure, mm Hg (n = 65)
Systolic
132 ± 14.0
Diastolic
81 ± 10.7
Cholesterol, mmol/L
Total (n = 64)
4.6 ± 1.1
LDL (n = 63)
2.7 ± 1.0
HDL (n = 64)
1.0 ± 0.2
Triglycerides, mmol/L (n = 64)
2.0 ± 0.8
Cholesterol ratio (total:HDL) (n = 64)
4.7 ± 1.3
A1C = glycated hemoglobin, BMI = body mass index,
HDL = high-density lipoprotein, LDL = low-density lipoprotein,
SD = standard deviation.
*The study sample consisted of 65 patients, but for some
variables, data were missing for some patients. The sample
size is shown for each variable.
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white (58/64 [91%]), with an average age of 47.4 years. The
average preoperative weight was 133.9 kg, and BMI was 48.9
(obesity class III).
Of the 188 patients who underwent laparoscopic sleeve gastrectomy during the study period, 63 (34%) had diabetes, and
almost half of these (n = 30) were taking antidiabetic medications
at baseline and had follow-up data at 1, 3, and 6 months. Of
the 88 patients who self-reported hypertension, just over half
(n = 48) were taking antihypertensives and had follow-up data at
1, 3, and 6 months; similarly, of the 84 patients with self-reported
dyslipidemia, close to 40% (n = 33) were taking antilipemics at
baseline and had follow-up data at 1, 3, and 6 months.
Metformin was the most common antidiabetic medication,
taken by 80% (24/30) of those who were receiving antidiabetic
medications. Of those with hypertension who were taking an
antihypertensive agent, the majority (38/48 [79%]) were taking
a diuretic, of which hydrochlorothiazide was the most commonly
used. 3-Hydroxy-3-methyl-glutaryl (HMG) CoA reductase
inhibitors (statins) were being taken by 94% (31/33) of patients
with dyslipidemia who were taking an antilipemic agent.
A dramatic reduction in the use of antidiabetic agents was
seen as early as 1 month after the surgery (Figure 1). At 1 month,
half of the patients (15/30) had discontinued antidiabetic medication (p < 0.001). This reduction in use was still present at 3
and 6 months, with 47% (14/30) taking antidiabetic agents at
each of these time points (p < 0.001). The use of antihypertensive
agents also declined, although to a more modest extent. More
specifically, a reduction of 12% (i.e., 6 patients no longer were
taking antihypertensives) was seen at 1 month (p = 0.008). This
decreased use continued at each of the subsequent time points,
with 81% (39/48; p = 0.003) and 75% (36/48; p = 0.001) of
patients still taking antihypertensive agents at 3 and 6 months,
respectively. A similar, gradual decrease was seen in the use of

antilipemic agents, with 94% (31/33) continuing to use these
agents at 1 month, 85% (28/33) at 3 months, and 76% (25/33)
at 6 months (p = 0.015 at 6 months).
At baseline, the patients with diabetes who were being
treated with medications were taking an average of 1.9 antidiabetic medications (Figure 2). This number decreased to 0.9 at
1 month, 0.8 at 3 months, and 0.6 at 6 months (p < 0.001 for
each time point relative to baseline) (Figure 2). At baseline, the
patients who were taking antihypertensive agents were taking an
average of 2.2 drugs from this class of medications. The mean
number declined to 1.7 at 1 month, 1.5 at 3 months, and 1.3 at
6 months (p ≤ 0.001 for each time point relative to baseline).
Patients in the study sample who had dyslipidemia either were
not taking an antilipemic agent or were taking only one
antilipemic agent at any time point, so average numbers of
antilipemic medications were not calculated.
At baseline, patients were taking between 1 and 4 antidiabetic medications (Figure 3). The number of medications shifted
dramatically as early as 1 month after the surgery, and by
6 months, most of the patients were taking no antidiabetic
medications (16/30 [53%]) or a single medication (10/30
[33%]), with the maximum number of antidiabetic agents being
2 (for 4/30 patients [13%]). These changes were statistically
significant at all time points (p < 0.01). The overall odds ratio
for use of antidiabetic medications before versus after laparoscopic
sleeve gastrectomy was 0.22 (95% CI 0.12–0.40). A similar shift
was seen for antihypertensive agents, although less dramatic (data
not shown). The reductions in use of antihypertensive agents
were statistically significant at 3 and 6 months (p < 0.05): more
specifically, the majority of patients were taking 1 antihypertensive
(12/48 [25%]) or 2 antihypertensives (21/48 [44%]) at baseline,
whereas the majority were taking no antihypertensives (12/48
[25%]) or 1 antihypertensive (17/48 [35%]) by 6 months. The

Figure 1. Proportions of patients continuing antidiabetic medications after
laparoscopic sleeve gastrectomy (n = 30). *p < 0.001 for comparison with baseline.
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Figure 2. Average number of antidiabetic medications (n = 30 patients). *p < 0.001
for comparison with baseline.

Figure 3. Number of antidiabetic medications (n = 30 patients).

overall odds ratios for use of medications before versus after
laparoscopic sleeve gastrectomy were 0.20 (95% CI 0.07–0.54)
for antihypertensives and 0.71 (95% CI 0.55–0.91) for
antilipemics (p < 0.01 for both).
Changes in selected weight loss measures for patients
who were taking antidiabetic agents at baseline (Table 2) were
significant relative to baseline (p < 0.001) and are also considered
clinically important.

In this prospective cohort study of patients undergoing
laparoscopic sleeve gastrectomy, there was a dramatic and early
reduction in the use of antidiabetic medications, with half of the
patients who were taking such medications at the time of surgery
discontinuing medical therapy by 1 month after the procedure

and a further reduction in use at 3 and 6 months. The use of antihypertensive and antilipemic medications also decreased by 1
month after laparoscopic sleeve gastrectomy, with further
reductions at 3 and 6 months, although these declines were not
as dramatic.
These findings suggest that the benefit of bariatric surgery
goes beyond a reduction in weight, with improvements in
chronic conditions such as diabetes starting before significant
weight loss occurs. It is possible that these changes are related to
dietary changes after the procedure. The day after surgery, the
dietitian advises patients about the strict diet that must be
followed immediately after surgery, starting with an all-fluid diet
for the first 4 weeks. The dietitian also instructs patients as to
what foods they will be allowed to eat as they progress from a
full-fluid diet to solid foods. Patients meet again with the dietitian
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Table 2. Weight Loss Measures for Patients Taking Antidiabetic Medications before Laparoscopic
Sleeve Gastrectromy (n = 30)
Time after Laparoscopic Sleeve Gastrectromy; Mean (SD) for Measure*
Measure
1 Month
3 Months
6 Months
Absolute change in body weight
As % of initial body weight
–8.0 (2.5)
–14.8 (2.7)
–20.9 (3.6)
In kg
–11.1 (4.7)
–20.5 (6.0)
–28.8 (8.1)
–3.9 (1.5)
–7.3 (1.8)
–10.3 (2.5)
Absolute change in BMI, kg/m2
–15.1 (4.8)
–28.1 (6.1)
–39.6 (7.4)
% of excess weight lost
BMI = body mass index, SD = standard deviation.
*For all values reported in this table, p < 0.001 compared with baseline.
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at 4 weeks after surgery and with the surgeon 6 to 8 weeks postoperatively. An alternative explanation for the observed changes
in medication use is the “foregut theory” or “gastric hypothesis”,
which postulates that a reduction in ghrelin levels contributes to
early weight loss. Ghrelin is a gastric hormone that stimulates
appetite, and removal of the fundus by laparoscopic sleeve
gastrectomy removes the primary site of ghrelin production.39
Padwal and others53 described the characteristics of the
population of patients who undergo publicly funded bariatric
surgery in Canada. The subsample in the current study showed
similarities to the Canadian population undergoing bariatric
surgery with respect to average age, ethnicity, proportion of
women, and level of education. For example, in Canada, the
average age of surgical patients is 43.6 ± 11.1 years, 87% are
white, and 82% of the population is female. In the current study,
the average age was 47.4 ± 10.6 years, 91% of the sample was
white, and 77% were female. Padwal and others53 described
patients undergoing surgery as highly educated, with 56.9% of
the eligible population having received some postsecondary
education; educational achievement in the current study sample
was similar, with 64% of the sample having received a college
diploma or university degree. However, the prevalence of obesity-related comorbidities was much higher in the Newfoundland
and Labrador sample than in the Canadian population undergoing bariatric surgery: 35% versus 21.1% for diabetes, 48%
versus 13.1% for hypertension, and 47% versus 2.4% for
dyslipidemia.
Like this study, other research has shown a dramatic reduction
in the use of antidiabetic agents within 1 month after laparoscopic sleeve gastrectomy, which was maintained or further
reduced over longer periods.43,45,48,54,55 Also similar to the current
study, the use of antihypertensive and antilipemic agents declined
in other studies, but to a lesser extent than for antidiabetic
agents.43,48 In contrast, in the study by Ruiz-Tovar and
others,56 in which a 50-Fr Bougie tube was used, a dramatic
reduction in the use of antihypertensive agents was reported, with
all 9 patients discontinuing this class of medication by 6 months
after the surgery.
Similar reductions in medication use have been observed
after Roux-en-Y gastric bypass. For example, Snow and others 57

observed a mean reduction of 2.7 drugs per patient, with a
corresponding 72% mean reduction in drug cost, 2 years after
Roux-en-Y gastric bypass. Malone and Alger-Mayer58 investigated specific drug class changes 1 year after Roux-en-Y gastric
bypass and found significant reductions in the use of antidiabetic
(insulin, sulfonylureas, and metformin), antihypertensive
(calcium-channel blockers, angiotensin-converting enzyme
inhibitors or receptor blockers, and diuretics), and lipid-lowering
medications. In a retrospective study of over 2000 patients with
diabetes, 85% of patients were no longer taking antidiabetic
medications 2 years after surgery, the majority of the procedures
being Roux-en-Y gastric bypass.59
With the significant and rapid reduction in need for antidiabetic and antihypertensive agents after bariatric procedures,
pharmacists have an important role to play. Before the surgery,
pharmacists should interview patients to compile an accurate list
of current medications. After the surgery, pharmacists should
consider whether antidiabetic and antihypertensive agents should
be restarted, and if so should recommend dose reductions with
close monitoring. For patients continuing use of antidiabetic and
antihypertensive agents after discharge, pharmacists should
provide education about the importance of monitoring for signs
and symptoms of hypoglycemia and hypotension, and should
recommend further dose reductions or discontinuation of
medications as appropriate.60
Interventions to reduce obesity are important to combat this
epidemic in developed countries, especially in the location of this
study, Newfoundland and Labrador, where 27.7% of residents
are classified as obese, with a projected increase to 34.6% by
2019.24,61 Sleeve gastrectomy offers an effective alternative to
Roux-en-Y gastric bypass.62
A number of limitations should be considered when these
findings are interpreted. First, the study was observational,
and as such there is potential for unmeasured confounders to have
influenced the results. For example, patients’ adherence to
prescribed medication therapy was unknown. In addition, the
duration of diabetes has been shown to be a predictor of diabetes
outcome after laparoscopic sleeve gastrectomy.63 The authors are
in the process of extracting this information for patients included
in the current study and will be able to consider this factor in
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