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of banded Roux-en-Y gastric bypass 
versus sleeve gastrectomy in patients 
with obesity and type 2 diabetes
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abstract
aim: Bariatric surgery is an effective tool for weight loss and for improving weight related co-morbidities. Changes in medication usage 
after a silastic ring laparoscopic Roux-en-Y gastric bypass (SR-LRYGB) compared with laparoscopic sleeve gastrectomy (LSG) are unknown.
methods: This was a single-centre, double-blind, randomised controlled trial. Patients were randomised to either SR-LRYGB or LSG. 
A medication history was obtained at regular follow-up intervals, and mean numbers of prescribed medications were analysed over 5 
years. Poisson regression and generalised estimating equations were used to test for statistically significant changes in usage. 
results: After eight patients were lost to follow-up, data from 52 patients in each group were available for analysis. There was no  
difference between the SR-LRYGB or LSG groups in the number of medications prescribed, with the exception of oral glucose-lowering 
medications, where there was a greater decrease after SR-LRYGB compared to LSG (79% vs 55% respectively) from baseline to 5 years. At 5 
years, total medication prescribed was down 10% from pre-operative levels. Prescribed insulin decreased by 72%, and cardiovascular  
medication decreased by 56% compared to baseline. Prescriptions for analgesia increased by 50%, psychiatric medications by 133% 
and proton-pump inhibitors by 81%. 
conclusion: Both SR-LRYGB and LSG reduced requirement for diabetic and cardiovascular medications, but increased requirement 
for nutritional supplementation, analgesia and psychiatric medications. There was a greater reduction in oral anti-diabetic medication 
prescriptions following SR-LRYGB compared to LSG, but no other difference in medication usage between surgical groups was found.

It is well established that bariatric surgery is a 
successful tool for weight loss, and results in 
improvements in weight-related comorbidities.  

The Roux-en-Y gastric bypass has been performed 
for over 50 years with good long-term results; 
however, the sleeve gastrectomy is now the most 
commonly performed bariatric operation in New 
Zealand,1 partly due to good long-term results 
achieved following surgery but with relative simplic-
ity of the operation compared to the gastric bypass, 
and partly due to a different side effect profile.

It has been shown that bariatric surgery results 
in significant changes in medication usage for 
some obesity-related comorbidities,2–4 but these 
studies have been limited by their lack of blinding. 
It is also not known what effect different bariatric 
operations have on medication usage.

In addition to side effects, the cost of medications  

places a significant financial burden on healthcare  
systems, and thus any reduction in medication 
requirements is likely to be beneficial for both 
patients and healthcare systems.

The aim of the present study was to identify 
if patients with type 2 diabetes and obesity who 
underwent bariatric surgery had a reduction in 
medication usage following surgery, and if so, if 
there was a difference between those who under-
went a silastic ring laparoscopic Roux-en-Y gastric  
bypass (SR-LRYGB) versus laparoscopic sleeve 
gastrectomy (LSG).

Methods
A prospective, double-blind, randomised con-

trolled trial was undertaken at our institution 
between 2011 and 2015. The protocol5 and results 
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of the primary outcome of this trial6 have been 
published.

Participants were eligible for inclusion if they 
were aged between 20–55 years, had type 2 diabetes  
for at least 6 months’ duration, a BMI of 35–65kg/
m2 for at least 5 years, were suitable for either 
of the two surgical procedures, able to provide  
written informed consent and committed to  
follow-up. Exclusion criteria included C-peptide 
<350pmol/L, type 1 diabetes or secondary diabetes,  
chronic pancreatitis, oral steroid therapy, current  
smokers and those not suitable for general 
anaesthesia.

After induction of anaesthesia, patients were 
randomised 1:1 to either SR-LRYGB or LSG using 
computer generated codes, with stratification 
according to age category (20–29, 30–39, 40–55), BMI 
category (35–44.9, 45–54.9, 55–65), ethnicity (Māori, 
Pacific peoples, NZ European/other), duration  
of diabetes diagnosis (<5, 5–10 and >10 years) and 
the presence of insulin therapy.

Both operations were performed using identical  
incisions with a four-port laparoscopic technique.  
For LSG, a sleeve was fashioned starting 2cm 
proximal to the pylorus using serial applications 
of an Echelon Flex 45 stapler (Ethicon) over a 
36 Fr oro-gastric bougie. For SR-LRYGB, a lesser 
curve-based gastric pouch was fashioned over a 
32 Fr oro-gastric tube, with a 50cm biliopancreatic  
limb, 100cm antecolic Roux limb with a hand-sewn  
single layer gastrojejunostomy over a 32 Fr 
oro-gastric tube. A 6.5cm silastic ring was then 
secured around the gastric pouch 2–3cm above 
the gastrojejunostomy anastomosis. Mesenteric 
defects were closed.

Immediately following surgery, all medications  
for diabetes, hypertension, lipid-lowering therapies  
and aspirin were ceased, except in those patients 
for whom aspirin or lipid-lowering agents were 
used for secondary prevention, and for patients 
with microalbuminuria, angiotensin converting 
enzyme-inhibitor/angiotensin receptor blockers 
were not stopped. All patients were commenced 
on a multivitamin (Centrum Plus, Pfizer New  
Zealand) twice daily, containing 200mg elemental 
calcium and 600IU vitamin D3, and proton-pump 
inhibitor (PPI) (pantoprazole, 20mg once daily).

Prior to discharge, patients were reviewed by 
an endocrinologist who was blinded to the surgical  
procedure. Anti-hypertensive treatment was 
restarted if the mean post-operative blood pressure  
was greater than 150/90mmHg. Anti-diabetic  
treatment was restarted if the mean post-operative  
capillary glucose was greater than 12mmol/L.

Patients were followed up at 3, 6, 9, 12, 18, 24, 36, 48 
and 60 months post-operatively. During follow-up, 
patients were reviewed by an endocrinologist  
and were actively considered for adjustment 
(cessation, dose adjustment or initiation) of anti- 
diabetics, anti-hypertensive and other cardio- 
protective medications (statins and aspirin/
anti-platelets) on the basis of clinical profile, 
including blood pressure measurements, HbA1c 
level, urinary microalbumin level and cardiovas-
cular risk, as per a pre-defined protocol.5

A medication history was obtained at each 
follow-up appointment. In the event of a patient 
missing a follow-up appointment, electronic  
dispensing records were accessed where available  
to obtain the medication history for that time 
point. If data from more than two time points was 
unavailable, that patient was considered lost to  
follow-up and excluded from the study. Medications  
that were only taken on an as-required basis were 
excluded, as were short course prescriptions (e.g., 
antibiotics). Topical treatments such as ointments 
and eyedrops were excluded.

Statistical methods
Medication usage was analysed as the average  

number of medications prescribed per class, not 
dosage. For analysis, medication classes were 
grouped into categories. Categories are described in 
Appendix 1. For each medication class or category,  
analysis was performed using Poisson regression 
and generalised estimating equations. If there was 
no statistical difference between the time profiles 
for the two groups, the overall time effect was 
reported and changes in usage were provided for 
the pooled groups. Two-sided p values <0.05 were 
considered to indicate statistical significance. 
Analysis was performed using SAS software,  
version 9.4 (SAS Institute, Cary, NC).

Results
After excluding patients not meeting inclusion 

criteria (n=90) and those who refused to participate  
(n=17), there were 114 patients who were  
randomised to either LSG (n=58) or SR-LRYGB 
(n=56). At 5 years, one patient had died in each 
group, and after the removal of those who were 
lost to follow-up (LSG: n=5; SR-LRYGB: n=3) there 
were 52 participants in each group. Baseline  
characteristics for the two groups were similar 
(Table 1), as was prevalence of baseline medication  
usage by indication (Table 2).

For all classes and categories of medications, 
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there was no difference found in medication  
prescribed over time between the SR-LRYGB and 
LSG groups (p >0.05), with the exception of the 
oral anti-diabetic medication group, where there 
was a significant surgery group/time interaction 
(p=0.036).

A statistically significant reduction (38%) in total 
medication prescribed was seen over the first 3 
post-operative months (mean number of regular 
medications per patient = 5.0 pre-operatively, versus  
3.1 at 3 months), but by 5 years this increased to 
approach baseline levels (10% reduction, mean  
number of medications = 4.5) (Figure 1). There was no 
difference between the two surgical groups (p=0.66).

Prescriptions for oral anti-diabetic medications  
reduced by 93% on average at 3 months after 
surgery (mean number per patient = 1.2 pre- 
operatively, versus 0.1 at 3 months), and increased 
slowly thereafter over the 5-year follow-up period 
to reach a mean of 0.5 for the LSG group and 0.3 
for the SR-LRYGB group (Figure 2). 

There was an 84% reduction in insulin prescribed  
at 3 months post-operatively (mean number of 
insulin types per patient = 0.31 pre-operatively, 
versus 0.05 at 3 months), with rates rising slightly 
over the 5-year follow-up period to reach a 72% 
reduction at 5 years (Figure 3). Of the 25 patients 
on insulin pre-operatively, only five remained on 

Table 1: Baseline characteristics of patients.

Characteristic
Laparoscopic silastic ring 
Roux-en-Y gastric bypass 
(n=52)

Laparoscopic sleeve  
gastrectomy (n=52)

Age—year 47.9±5.8 46.5±6.4

Female sex—no. (%) 31 (60) 25 (48)

Ethnicity—no. (%)

NZ European 31 (60) 37 (71)

Māori 10 (19) 8 (15)

Pacific peoples 6 (12) 1 (2)

Other 5 (10) 6 (12)

Duration of diabetes—no. (%)

<5 years 24 (46) 23 (44)

5–10 years 11 (21) 15 (29)

>10 years 17 (33) 14 (27)

Insulin usage—no. (%) 15 (29) 10 (19)

HbA1c—mmol/mol 63.8±18.3 60.7±11.4

Body weight—kg 123.2±21.9 125.4±24.4

BMI (kg/m2) —no. (%)

35–44.9 41 (79) 37 (71)

45–54.9 7 (13) 13 (25)

55–65 4 (8) 2 (4)

Plus-minus values are means ± SD.
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insulin after 3 months, increasing to eight patients 
at 5 years.

Cardiovascular medication prescriptions, 
including anti-hypertensives (Figure 4), anti- 
platelets (Figure 5) and lipid-lowering agents 
(Figure 6), decreased by 72% after 3 months 
(mean number of cardiovascular medications 
per patient = 2.2 pre-operatively, versus 0.6 at 3 
months). Over the 5-year follow-up period, there  
was a gradual increase in cardiovascular medication  
prescriptions (mean number per patient = 1.0 
at 5 years), but this was still a 56% reduction  
compared to baseline (Figure 7).

PPI prescriptions more than doubled post- 
operatively (mean number of PPIs per patient 
= 0.21 pre-operatively, versus 0.50 at 3 months), 
with rates dropping back to baseline levels by 6 
months (mean number = 0.21 at 6 months), then 
rising gradually to reach an 81% increase from 
baseline at 5 years (mean number = 0.39 at 5 
years). PPI prescriptions at 5 years were slightly 
higher in the sleeve group, but this was not  
statistically significant (Figure 8). 

From 1-year post-operative, there was a trend 
for increased psychiatric medication prescriptions  

continuing until 5 years after surgery, at which 
time there was a 133% increase in the prescription  
of psychiatric medications (including anti- 
depressants [Figure 9], anti-psychotics, hypnotics 
and sedatives) compared to pre-operative levels 
(mean number per patient = 0.23 pre-operatively 
versus 0.54 at 5 years) (Figure 10). 

Prescriptions for analgesics trended upwards 
from 3 years post-operatively, increasing by 50% 
compared to pre-operatively after 5 years (mean 
number per patient = 0.10 pre-operatively and 
0.15 at 5 years) (Figure 11).

Nutritional supplementation prescriptions 
increased post-operatively (mean number of 
nutritional supplements per patient = 0.36 pre- 
operatively versus 1.24 at 3 months) but stabilised 
out to 5 years (mean number = 1.33 at 5 years), an 
increase of 273% on pre-operative levels (Figure 12).

There was no change in gout (Figure 13) or 
respiratory medication (Figure 14) prescriptions 
before and after surgery. 

Discussion
Medication usage among people with obesity 

Table 2: Proportion of patients on medication at baseline.

Medication class

Laparoscopic silastic ring 
Roux-en-Y gastric bypass 
(n=52)

no. (%)

Laparoscopic sleeve  
gastrectomy (n=52) no. (%)

Oral anti-diabetic 47 (90) 43 (83)

Insulin 15 (29) 10 (19)

All cardiovascular 46 (88) 46 (88)

Anti-hypertensive 39 (75) 36 (69)

Anti-platelet 19 (37) 19 (37)

Lipid-lowering 37 (71) 31 (60)

All psychiatric 10 (19) 8 (15)

Anti-depressant 10 (19) 8 (15)

Proton-pump inhibitors 10 (19) 12 (23)

Analgesics 5 (10) 3 (6)

Gout 6 (12) 5 (10)

Nutritional supplementation 13 (25) 16 (21)
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Figure 1: All medication prescriptions following  
surgery. 

Overall time effect p <0.0001.

Figure 2: Oral anti-diabetic medication prescriptions 
following surgery. 

*Surgery group/time interaction p=0.036. Time effects: sleeve 
gastrectomy, p=0.008; gastric bypass, p=0.0002.

Figure 3: Insulin prescriptions following surgery.

Overall time effect p=0.009.

Figure 4: Anti-hypertensive prescriptions following 
surgery.

Overall time effect p <0.0001.

Figure 5: Anti-platelet prescriptions following surgery. 

Overall time effect p=0.001.

Figure 6: Lipid-lowering prescriptions following surgery. 

Overall time effect p <0.0001.
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Figure 7: All cardiovascular medication prescriptions  
following surgery. 

Overall time effect p <0.0001.

Figure 8: Proton-pump inhibitor prescriptions  
following surgery. 

Overall time effect p <0.0001.

Figure 9: Anti-depressant prescriptions following  
surgery.

Overall time effect p=0.008.

Figure 10: All psychiatric medication prescriptions  
following surgery.

Overall time effect p <0.0001.

Figure 11: Analgesic medication prescriptions  
following surgery.

Overall time effect p=0.028.

Figure 12: Nutritional supplementation prescriptions 
following surgery.

Overall time effect p <0.0001.
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and type 2 diabetes changes significantly after both 
SR-LRYGB and LSG. Immediately post-operatively,  
total medication prescriptions decreased by 39%. 
This is largely due to a reduction in anti-diabetic 
medication (both oral and insulin) and cardiovas-
cular risk-reducing medication (including anti- 
hypertensives, anti-platelets and lipid-lowering  
medication) requirements. The reduction in 
diabetic medication is not surprising given the 
improvements in glycaemic control that were 
seen at 1 year7 and 5 years post-operatively 
among the same cohort of patients,6 and the  
diabetes remission following bariatric surgery 
that has been shown in meta-analyses.8 Oral 
anti-diabetic medication was the only class of  
medications for which there was a difference 
between the SR-LRYGB and LSG groups, where there 
was a higher requirement for oral anti-diabetic  
medication in those who had LSG compared to 
SR-LRYGB. However, the trial was powered to detect 
a difference in diabetes remission, not overall  
medication differences, and therefore the lack 
of statistical significance between the two trial 
groups with regards to medication usage could be 
related to being underpowered for this purpose.

The reduced requirement for oral anti-diabetic 
medication at 5 years in the SR-LRYGB compared 
to LSG suggests a benefit in the SR-LRYGB in terms 
of diabetic control in accordance with the results 
from the 5-year analysis of this cohort.6 The  
mechanism of action of bariatric surgery on 
weight and diabetes is complex and multifactorial, 
and involves changes in gut hormones, bile acids 
and altered gut microbiota. These changes are 
possibly more beneficial following the SR-LRYGB 

compared to the LSG, which could account for the 
greater reduction in oral anti-diabetic medication  
usage in the SR-LRYGB group compared to the 
LSG group.9 A recent systematic review and meta- 
analysis comparing LSG with laparoscopic Roux-
en-Y gastric bypass revealed a paucity of data 
from randomised controlled trials to draw long 
term conclusions,10 further highlighting the need 
for more studies in this area.

Cardiovascular medication prescriptions 
dropped significantly following bariatric surgery 
and, while rates slowly increased over time, usage 
rates were approximately half that of pre-operative  
levels. Overall, there are limited studies on  
cardiovascular events following bariatric surgery.  
However, a prospective, non-randomised con-
trolled intervention trial comparing outcomes in 
obese type 2 diabetics who had bariatric surgery  
versus a control group who did not have surgery 
demonstrated a significant reduction in myocardial  
infarction incidence among the group who had  
bariatric surgery.11 Cardiovascular risk after bariatric  
surgery is likely lower than pre-operatively, 
although validated risk prediction equations have 
not been developed for this population on which 
to base decisions on cardiovascular medication 
prescribing. It appears that cardiovascular medica-
tion usage is reduced on the basis of targeted risk 
factors (blood pressure, lipids, diabetes) improving.

The dramatic spike in PPI prescriptions imme-
diately post-operatively is attributable to the fact 
that patients were discharged on a PPI after surgery  
for protection against ulceration. The reasons  
for the long-term trend towards increasing PPI 
prescriptions in both surgical groups are less clear. 

Figure 13: Gout medication prescriptions following  
surgery.

Overall time effect p=0.381.

Figure 14: All respiratory medication prescriptions  
following surgery. 

Overall time effect p=0.081.
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Other studies have shown that gastro-oesophageal  
reflux disease symptoms can be worsened following  
a sleeve gastrectomy,12 possibly due to anatomical  
changes which result in increased pressure within 
the sleeve. This could explain the increased 
requirement in the LSG group. For patients in the 
SR-LRYGB group, potential reasons for increasing  
PPI requirements include the development of 
anastomotic ulceration or reflux symptoms that 
may be attributable to the silastic ring.

Psychiatric medication prescriptions, including  
anti-depressants, anti-psychotics, sedatives and 
hypnotics, changed significantly throughout the 
5-year follow-up period, with patients taking more 
than double the number of medications from 
these classes at 5 years. This was an unexpected  
finding, as bariatric surgery often results in an 
improvement in psychological health; a recent 
review of the long-term effects of bariatric surgery  
on depression and anxiety suggests that bariatric  
surgery is associated with long-term reductions 
in anxiety and depressive symptoms.13 We would 
have therefore expected a reduction in the need 
for psychiatric medications. It is possible that 
patients may have improved psychiatric symptoms  
despite an increased requirement for medication, 
and further studies in this field are needed.

While the absolute number was small, there 
was an increase in analgesia prescriptions over the 
5-year follow-up period following bariatric surgery. 
This is despite bariatric surgery and subsequent  
weight loss usually resulting in improvements in 
pain and physical functioning.14 While our sample  
size precluded analysis of analgesic medication use 
by individual class, other studies have evaluated  
opioid use before and after bariatric surgery and 
have found opioid requirements increase after 
bariatric surgery.15,16 The authors of those studies  
suggested that possible reasons for persistent 
opioid requirement despite weight loss included 

tolerance to opioids and more pain sensitivity 
in obese patients, which persists after bariatric 
surgery.15

The dramatic increase in nutritional supple-
mentation after surgery was expected, as all 
patients were discharged on lifelong multivitamin  
supplementation to prevent nutritional deficiencies.

Overall, our study has provided an interesting  
insight into medication changes following SR- 
LRYGB and LSG, but we do appreciate there are 
some limitations. First, medication usage is only a 
surrogate marker for medical comorbidities, and 
further studies evaluating long-term outcomes 
following bariatric surgery, especially in the areas 
of cardiovascular events, psychiatric health and 
chronic pain would be useful. A further limitation 
is that of medication compliance, although this 
issue is not unique to our study. Our analysis was 
based on prescribed medication, but it is known 
that patient adherence with prescribed medication  
is often poor. A large review of medication  
compliance for the treatment of diabetes, hyper-
tension and dyslipidaemia revealed that only 
63% of patients continue with medication beyond 
1 year, and patients only take their medication 
72% of the time.17 Finally, our study is further  
limited by the lack of non-operated controls. 
Future research would benefit from including 
such a group for drawing comparisons.

In summary, bariatric surgery is an effective 
tool for reducing the requirements for diabetic 
and cardiovascular medication in type 2 diabetic 
patients with obesity, but results in increased 
requirements for nutritional supplementation, 
PPIs, analgesia and psychiatric medication. Respi-
ratory and gout medication usage is unchanged 
following surgery. The type of operation performed 
did not affect medication usage except for oral 
anti-diabetic medication, which had a greater 
reduction following SR-LRYGB compared to LSG.
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Appendix
Appendix 1: Medication categories.

Category Examples

Oral anti-diabetic

Alpha-glucosidase inhibitors 

Biguanide

Dipeptidyl peptidase-4 (DPP-4) inhibitors

Glucagon-like peptide-1 (GLP-1) receptor agonists

Sodium-glucose co-transporter 2 (SGLT-2) inhibitors 

Sulfonylurea

Thiazolidinediones

Psychiatric

Anti-depressants

Anti-psychotics

Hypnotics 

Sedatives

Stimulants

Analgesics

Anti-convulsant (e.g., gabapentin)

Anti-migraine 

Non-steroidal anti-inflammatory drugs

Opiates

Paracetamol

Cardiovascular

Anti-anginal

Anti-arrhythmic

Anti-coagulation 

Anti-hypertensives

Anti-platelets

Diuretics

Lipid-lowering

Nutritional supplementation

Iron supplementation

Multivitamins

Vitamin B12

Vitamin D

Gout
Allopurinol

Colchicine

Respiratory Inhalers


