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Summary

Objective: There is an unmet medical need for a safe and effective weight loss

product with minimal systemic side-effects. In this study, the effect of a novel

modified-release fixed-dose combination of orlistat and acarbose (MR-OA) was

compared with conventional orlistat (CO) regarding tolerability, appetite and glucose

metabolism.

Methods: Sixty-seven men with obesity, aged 24 to 60 years with body mass indexes

(BMIs) 33 to 40 kg m−2 or BMIs 30 to 32 kg m−2 and waist circumference above

102 cm were included. They were randomized to either three different doses of the

test formulation MR-OA (60 mg orlistat/20 mg acarbose, 90/30 and 120/40) or CO

(Xenical, 120 mg orlistat) for a 2-week study of daily treatment. The participants

spent days 1 and 14 at the clinical research centre where they received standardized

meals, had blood sampling and filled in questionnaires regarding tolerability and

appetite after meals. In days 2 to 13, the participants were at home and continued to

fill in the questionnaires daily.

Results: In the MR-OA groups, reports of liquid and oily stools as well as faecal

incontinence were fewer, whereas reports of gastric distension and flatulence were

higher, compared with the CO group. More participants reported decreased hunger

in the 90/30 and 120/40 MR-OA, and postprandial plasma glucose concentration

was reduced in all MR-OA groups compared with CO.

Conclusions: This study shows that by using a modified-release dosage form, orlistat

and acarbose can be combined without compromising tolerability. Furthermore, MR-

OA shows promising effects regarding reduction of appetite and reduces postpran-

dial glucose. Tolerability is coupled to compliance and thereby efficacy of a treat-

ment; therefore, this novel combination MR-OA could be an effective approach for

Abbreviations: CRC, clinical research centre; GI, gastrointestinal; GLP-1, glucagon like

peptide-1; LOCF, last observation carried forward; MR-OA, multiple release orlistat acarbose;

TID, three times a day; VAS, visual analogue scale.
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weight loss treatment. A follow-up study in a more diverse population and for a lon-

ger duration with weight loss as primary outcome variable is planned.

K E YWORD S

gastrointestinal tolerability, modified release, obesity, type-2 diabetes

1 | INTRODUCTION

With the exception of orlistat in its conventional oral form, all

currently approved, anti-obesity pharmaceutical products and most

products currently in development enter the bloodstream, which can

lead to unwanted systemic effects.1-3 Of all patients eligible for

obesity pharmacotherapy, few are prescribed available medications

and even fewer use them.4,5 The reasons for this lack of use might

be related to costs as well as safety concerns or side-effects.5

Orlistat has been used for decades with no serious side-effects.6 It

reversibly inhibits dietary lipid digestion in the gastrointestinal

(GI) lumen, which leads to a modest weight loss. Orlistat's efficacy,

as well as attrition, is similar to the other weight loss products7;

however, orlistat treatment in the conventional oral dosage forms is

associated with frequent (~20% of patients) GI side-effects, such as

liquid and oily stools.8 These GI-side-effects have an impact on

compliance.10 and after 1 year of treatment, about 30 to 50% of the

patients had stopped taking the medication. 11,12 Moreover, a partic-

ularly unfortunate side-effect of conventional orlistat is that it

stimulates appetite and feelings of hunger.13-17 Therefore, there is

an unmet medical need for a safe and effective weight loss product

with minimal systemic side-effects and preferably with less GI side-

effects.

In an attempt to develop an improved formulation with orlistat's

effects on weight loss product, albeit with less GI side-effects, a com-

bination of orlistat with acarbose was tested. Acarbose (Glucobay),

like orlistat, only acts locally in the GI tract.18 Acarbose delays carbo-

hydrate digestion in the GI tract and reduces the subsequent intestinal

glucose absorption rate.19-21 On its own, acarbose has also been

shown to have a small effect on weight loss22-24; however, acarbose

treatment in its conventional oral dosage forms is associated with fre-

quent (~3-30% of patients) GI side-effects, mainly flatulence and

sometimes soft stools or abdominal discomfort.25,26

In this exploratory study, an oral modified-release (MR) multiple

unit, based on a fixed-dose combination of orlistat and acarbose (MR-

OA), was investigated. This formulation includes distinct release rates

of each drug in different GI compartments, with the aim of reducing

untoward GI side-effects. Moreover, by changing lipid and carbohy-

drates digestion, the aim was to trigger neuroendocrine feedback

signalling systems and thereby affect appetite. In addition, as glucose

metabolism usually is affected in people with obesity and the risk of

developing diabetes type 2 is increased,27 this combination hade the

additional benefit of the effect of acarbose on the postprandial

glucose response.

2 | MATERIAL AND METHODS

2.1 | Study design

This clinical trial was conducted as a single-centre, controlled,

randomized, parallel-group, phase IIa pilot study with 2 weeks of daily

treatment (three times a day [TID]) during meals and three different

doses of the test formulation orlistat/acarbose (MR-OA), namely,

60/20, 90/30 and 120/40 mg mg−1. The results were compared with

conventional orlistat (Xenical, 120 mg). Glucobay (conventional

acarbose) was not chosen as a comparison at this stage, as Glucobay

on its own is not a weight-loss medication and a combination of con-

ventional orlistat and conventional acarbose is not recommended.28

Two weeks were chosen as the study length to allow the participants

to acclimatize to the acarbose component in the MR-OA.29 The trial

was registered at EudraCT (2016-001055-50), where a clinical

study report is filed.30 The clinical trial was performed by the

contract research organization Clinical Trial Consultants in Uppsala,

Sweden. The primary objective of the trial was to compare the

appetite/tolerability score of the test formulation (EMP16-01 90/30)

with the reference product (Xenical). The appetite/tolerability score

was calculated as the ratio between subjective appetite score (sum of

appetite questions, measured with questionnaire) and GI symptoms

score (sum of GI symptoms such as diarrheal, flatulence, oily spotting,

gastric distention and frequency and intensity of nausea and pain,

measured with questionnaire). Ethics approval was granted by the

regional Ethical Review Board in Uppsala, Sweden (dnr 2016/257). All

study participants signed the consent form.

2.2 | Study participants

Male participants 24 to 60 years of age with either body mass index

(BMI) 33 to 40 kg m−2 or participants with BMI 30 to 32 kg m−2 and a

waist circumference above 102 cm were included. A person with

greater muscle mass also can have a BMI of around 30 kg m−2, but

such persons would not be a target group for the study drug. There-

fore, a waist circumference criterion was added to the inclusion

criteria to ensure the enrolment of a relevant population.31 Women

were not included at this stage, mainly because the menstrual cycle

influences glucose metabolism32 and appetite,33,34 which would

increase variability in this 2-week pilot study. Furthermore, women

and men differ in various components relating to eating behaviour

and responses to food cues.35 To avoid residual endocrine effects of
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late puberty, adults between 18 and 24 years were excluded.

Participants were screened for eligibility as per study-specific

inclusion/exclusion criteria in the 5 weeks prior (days −35 to −4) to

randomization and the first oral administration of the test and refer-

ence products (Figure 1). Additional inclusion criteria were based on

medical history, physical findings, vital signs, ECG and laboratory

values at the time of screening.30 All participants had an adequate glu-

cose control (none had a previous diagnosis of diabetes mellitus type

II); serum creatinine levels <1.5 times the upper limit of normal, serum

ASAT, ALAT, ALP and GGT levels < 2.5 times upper limit of normal;

and serum bilirubin levels < 1.5 times upper limit of normal.

2.3 | Treatments

Eligible and consenting participants arrived at the clinical research

centre (CRC) in a fasting condition (at least 8 h since last meal) on the

morning of the first study day (visit 2, day 1) and were randomly

assigned to one of four parallel treatment groups (see below). The

study compared four test products: 60/20, orlistat (60 mg) plus aca-

rbose (20 mg); 90/30, orlistat (90 mg) plus acarbose (30 mg); 120/40,

orlistat (120 mg) plus acarbose (40 mg); and conventional orlistat

(120 mg; Xenical) was used as a reference. One of the three dosages

of the test product (MR-OA) or the reference drug product (conven-

tional orlistat) was taken orally together with the three main daily

meals (fed state). Each subject was instructed to take the study

product half-way through the meal together with 50 mL of water.

2.4 | Study outline

This clinical trial consisted of five visits to the clinic, including screen-

ing and follow-up (Figure 1). The total duration of the treatment with

the study drug products was 2 weeks for each volunteer with no

overnight stays. Visit 1 included screening and health investigation

and occurred 1 to 5 weeks prior to study start. On days −1 through

−3, baseline questionnaires were completed by each subject outside

the clinic. On study days 1 and 14, each subject received two meals

during the visit (Figure 1). Meal items were based on Swedish dietary

habits but with a somewhat elevated fat content to ensure sufficient

amounts of dietary fat to test the effect of orlistat. Breakfast was rye

bread with butter, cheese and salami (846 kcal, 16 energy percent

[E%] protein, 50 E% fat and 32 E% carbohydrates). Lunch was ham

and cheese pie and white bread with butter (1,053 kcal, 14 E%

protein, 55 E% fat and 31 E% carbohydrates). The clinic visit ended

at 1,600, and during dinner as well as during the remaining days,

the drug product was self-administered TID by each subject,

together with all three daily main meals. Throughout the trial, the

participants recorded appetite (eg, hunger and desire to eat), GI

symptoms, sleep and physical activity approximately 2 h after each

main daily meal using a questionnaire (see below for description).

There were no dietary restrictions during the study days at home

except that participants had to abstain from alcohol for 24 h and

from food and drink for at least 8 h prior to visits 1, 2 and 4. Visit

3, on day 7 of the experimental period, included a safety check-up

in which plasma/serum concentrations of liver enzymes were

F IGURE 1 Visits and procedures during the
study
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assessed. At visit 5, about one week (4-10 d) after end of the

experimental period, another safety follow-up was performed. On

day 21 (visit 5), a final follow-up visit was performed at the clinic.

2.5 | Efficacy variables

GI symptoms were assessed during the 3 d before randomization

(baseline) and during the whole 14-d period using the Gastrointestinal

Symptom Score (GSS). The GSS was a slightly modified version of a

previous orlistat-only-based questionnaire,36 which additionally

contained the most common GI side-effects of acarbose (Table S1).37

The first part of the GSS (questions 1-7) investigated quantitative

side-effects and the second part (questions 8-13) subjective side-

effects. Using the same principal as Cavaliere et al (2001),36 side-

effect scores were not linear with frequency of events (Table S1).

Some items were clarified, and the scoring employed by Cavaliere

et al (2001)36 was adjusted with the aim to better reflect the patients'

perceptions of the side-effects (Table S1). The GSS questionnaire was

written in Swedish (all researchers and study participants were fluent

readers). The wording of the questions was based on the Swedish

patient information brochures for Xenical and Glucobay.28,38

Subjective appetite was assessed during the 3 d before randomi-

zation (baseline) and during the whole 14-d period. Participants were

asked to rate sensations of hunger, fullness, prospective food con-

sumption and desire to eat.39 Answers were entered on a 10-point

Likert scale with verbal anchors at the end of the scales.39 Change in

appetite score relative to baseline was calculated for the total

14 periods. Also, the number of participants with a clinically relevant

change in daily hunger scores (see Section 2.6) was calculated.

The participant's meal patterns were assessed during two 3-d

periods, ie, the 3 d preceding days 1 and 14, using a short diary.40

Meal patterns were categorized as “Good,” defined as having break-

fast, lunch and dinner each of the 3 d, ie, nine main meals during the

three-day period; “Okay” (six to eight main meals during the 3-d

period) and “Poor” (≤5 main meals during the 3-d period). These

definitions were based on tentative findings of a relationship between

meal intake and diet quality,41 and fewer meals in general indicate

that meals have been replaced by snacking (eating food of lower diet

quality), but not a reduction of energy intake.

Glucose, insulin and GLP-1 were repeatedly assessed at

visits 2 and 4. Blood was drawn from a peripheral vein using a

stationary catheter. Glucose and insulin were collected in

ethylenediaminetetraacetic acid-tubes and analysed at the Uppsala

University Hospital laboratory. Glucose was analysed using Abbott

Architect (Abbott Diagnostics, Lake Forest, Ill). Insulin was analysed

using immunoassays (Cobas E602, Roche Diagnostics, Indianapolis,

IN, USA). Blood for analyses of glucagon like peptide-1 (GLP-1) was

collected in P800-tubes. After centrifugation, the supernatant was

transferred to polypropylene tubes and stored at −70 �C before

analysis. GLP-1 was analysed by Mercodia AB (Uppsala, Sweden)

using Mercodia total GLP-1 NL-ELISA (CAT# 10-1278-01). The

enzyme-linked immunosorbent assay (ELISA) and radioimmuno-

method were validated for intended use, including precision and

accuracy, selectivity, range of quantification and sample stability. The

precision of the GLP-1 analysis was a total coefficient of variation

(CV) of 9.2% for quality control (QC) low, 5.6% for QC medium and

4.4% for QC high with a LLOQ of 1.0 pmol L−1. Maximum achieved

concentration Cmax and mean concentration during blood draws,

Cmean, was calculated for days 1 and 14 of the 14-d experimental

period.

2.6 | Statistical analysis

A statistical analysis plan was developed ahead of study start together

with the CRC. No previous research has defined a clinically relevant

change in tolerability. Therefore, power calculation was based on

change of appetite: With a sample size of 12, a difference in hunger

of about 10% would be detected.42 This would enable the detection

of a difference of 1.5 points somewhat equivalent to a ≥15- to

25-mm difference when using a 100-mm visual analogue scale,43

which has previously been shown to elicit a change in energy intake.44

The inclusion goal was set at 15 participants to allow for drop-outs. A

change over two categories (eg, from mild to severe), equivalent of a

change of ≥4 points in GSS, was defined as a clinically relevant differ-

ence. Power and sample size were calculated with G*Power version

3.1.9.2 (University of Cologne, Cologne, Germany). The Intention-To-

Treat (ITT) data set was used with a last observation carried forward

(LOCF) approach. For questionnaires, at least seven measurements

from a specific patient were needed for the LOCF. When the denomi-

nator was zero when calculating ratios, either the LOCF approach or

median for that particular group was used. Differences between the

three MR-OA groups (60/20, 90/30 and 120/40) and the reference

product group (conventional orlistat, Xenical) were tested with

Welch's T test for continuous data and Wilcoxon rank sum test for

ordinal data. Data are presented as mean ± SD/SEM or median ±

semi-interquartile range. Significance was set at α= 0.05. Adjustments

for multiple comparisons were made according to Holm.45 Statistical

analyses were performed with R Commander version 2.4-2.46

3 | RESULTS

In this study, 115 men with obesity were screened, 67 of whom were

included and 64 of whom completed the trial (Figure 2). Due to a mix-

up of blood samples, seven additional participants had to be random-

ized. One subject under the inclusion age was mistakenly randomized

in the 60/20 group (not included in the ITT set), and there were two

drop-outs in the conventional orlistat group (included in the ITT set).

Baseline characteristics are displayed in Table 1. There were no base-

line differences in these variables between any groups.

There were no differences in total 14-day GSS (gastric symptom

score) between the MR-OA groups and conventional orlistat (Table 2).

For several of the individual questions, lower scores were reported in

the MR-OA groups compared with conventional orlistat concerning
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F IGURE 2 Patient flow in the clinical phase IIa study with three different doses of the test product multiple release orlistat acarbose (60/20,
90/30 and 120/40; orlistat/acarbose respectively) and one dose of conventional orlistat (120 mg). *Two drop-outs during the 14-d experimental
period

TABLE 1 Baseline characteristics of the four treatment arms (mean ± SD)

Treatment Age, Years Weight, kg BMI, kg m−2 Body Fat, % Waist Circumference, cm

60/20 40.5 ± 8.7 112.9 ± 16.2 34.5 ± 3.0 32.7 ± 2.7 119 ± 9

90/30 43.4 ± 8.5 110.4 ± 12.9 34.1 ± 2.8 31.8 ± 4.7 119 ± 8

120/40 42.3 ± 9.6 112.3 ± 9.9 34.8 ± 2.3 32.2 ± 4.6 121 ± 10

Conventional orlistat 45.5 ± 9.8 112.3 ± 12.9 35.4 ± 2.8 32.8 ± 4.9 119 ± 9

TABLE 2 Change from baseline (data collected during 3 d preceding the 14-d period) in total gastric symptom score (GSS) and individual
tolerability questions during the whole 14-d period (median ± semi-interquartile range)

Item 60/20 90/30 120/40 Conv. orlistat

Total gastric symptom score (GSS) 104 ± 39 114 ± 54 197 ± 70 144 ± 24

(1) How often have you been to the toilet for defecation? 7 ± 6 10 ± 4 25 ± 13 15 ± 12

(2) Have you had oily stools? 11 ± 7* 12 ± 8* 22 ± 9 28 ± 7

(3) How often have you had liquid stools? 5 ± 6* 6 ± 5* 20 ± 9 27 ± 10

(4) How often have you had flatulence with discharge? 13 ± 9 4 ± 10 15 ± 12 15 ± 7

(5) How often have you had oily spotting? 0 ± 1* 2 ± 4 8 ± 7 6 ± 7

(6) How often have you had faecal urgency? 5 ± 6 4 ± 4 8 ± 5 3 ± 2

(7) How often have you had faecal incontinence? 0 ± 0 0 ± 0 0 ± 1 0 ± 1

(8) Have you experienced nausea? 0 ± 0 0 ± 2 2 ± 2* 0 ± 0

(9) Have you experienced rectal pain? 0 ± 0 0 ± 0 1 ± 1 0 ± 0

(10) Have you experienced headache? 3 ± 8 2 ± 5 7 ± 9 0 ± 4

(11) Have you experienced gastric distention? 12 ± 8 2 ± 24 19 ± 17 8 ± 8

(12) Have you experienced gastrointestinal pain/discomfort 4 ± 3 1 ± 3 6 ± 9 4 ± 4

(13) Have you experienced flatulence? 37 ± 11 31 ± 24 47 ± 18* 19 ± 12

*P<.05 for being different from conventional orlistat (adjusted for multiple comparisons).
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the more orlistat-related side-effects (liquid and oily stools; Table 2).

For some of the more acarbose-related side-effects (such as flatulence

and gastric distension), higher ratings were recorded in the MR-OA

groups compared with conventional orlistat (Table 2). The same pat-

tern was seen when participants with a minimal clinically relevant

change (at least four-point change from baseline in GSS score) were

tabulated. Fewer participants reported liquid and oily stools or faecal

incontinence in the MR-OA groups compared with the conventional

orlistat group (Table 3). More participants reported gastric distension

and flatulence in the MR-OA groups compared with the conventional

orlistat group (Table 3). In the 120/40 MR-OA group, more partici-

pants reported flatulence with discharge, mild headache and mild

nausea (Table 3).

There were no differences in total rating score for hunger, full-

ness and desire to eat for the total 14-d period between groups

(Table 4). More participants in the MR-OA 90/30 and 120/40 groups

reported reduced hunger compared with the conventional orlistat

group, using the stipulated 1.5 points difference in hunger rating per

day as a cut-off,44 after lunch and dinner, but not breakfast (Table 5).

In the conventional orlistat group, a minority had good meal

patterns before the study, whereas a majority in MR-OA groups had

good meal patterns. At the end of the study, participants in the

conventional orlistat group had improved their meal patterns

(no participants with poor meal pattern) and there were no differences

between the groups (Table 6).

The plasma Cmax of glucose was lower for all three MR-OA

groups during days 1 and 14 compared with conventional orlistat

(Table 7). The postprandial plasma Cmax of glucose was about 1 mmol

L−1 lower at both days 1 and 14 after treatment with MR-OA com-

pared with conventional orlistat (Table 7). All three MR-OA groups

had lower Cmean glucose values than conventional orlistat at day 1 but

not at day 14 (Table 7). The plasma Cmax of insulin was lower during

day 1, but not at day 14, for all three MR-OA groups compared with

conventional orlistat (Table 7). No differences were observed in insu-

lin Cmean during day 1 or day 14. No differences in Cmax or Cmean were

observed for GLP-1 between the groups (Table 7).

TABLE 3 Number of participants with a clinically relevant change (≥4 points compared with baseline) in GSS score during the whole 14-d
period in the four treatment arms (median ± semi-interquartile range)

GSS Item 60/20 90/30 120/40 Conv. orlistat

(1) How often have you been to the toilet for defecation? 0 ± 0* 0 ± 1* 2 ± 1 2 ± 1

(2) Have you had oily stools? [≥3 points compared with

baseline]

2 ± 1* 2 ± 2* 5 ± 1 5 ± 2

(3) How often have you had liquid stools? 1 ± 1* 0 ± 1* 2 ± 1 3 ± 1

(4) How often have you had flatulence with discharge? 0 ± 1* 0 ± 0* 3 ± 1* 1 ± 1

(5) How often have you had oily spotting? 0 ± 0* 0 ± 0* 1 ± 1* 2 ± 1

(6) How often have you had faecal urgency? 0 ± 0* 0 ± 0* 1 ± 0 1 ± 0

(7) How often have you had faecal incontinence? 0 ± 0* 0 ± 0* 0 ± 0* 1 ± 0

(8) Have you experienced nausea? 0 ± 0 0 ± 0 0 ± 0 0 ± 0

(9) Have you experienced rectal pain? 0 ± 0 0 ± 0 0 ± 0 0 ± 0

(10) Have you experienced headache? 2 ± 1 1 ± 0 3 ± 1* 2 ± 1

(11) Have you experienced gastric distention? 1 ± 1 3 ± 1* 3 ± 1* 0 ± 1

(12) Have you experienced gastrointestinal pain/discomfort 1 ± 1 0 ± 1* 2 ± 1 1 ± 1

(13) Have you experienced flatulence? 4 ± 1 6 ± 1* 7 ± 1* 2 ± 1

Abbreviation: GSS: gastric symptom score.
*P<.05 for being different from conventional orlistat (adjusted for multiple comparisons).

TABLE 4 Change from baseline (data collected for 3 d preceding
the 14-d period) in ratings of hunger, fullness and desire to eat in the
four treatment arms

Treatment Hunger Fullness Desire to Eat

60/20 12 (−7-31) 3 (−12-33) −7 (-31-1)

90/30 −2 (−15-9 20 (−18-58) −8 (−21-7)

120/40 −20 (−50-31) 20 (−5-55) −26 (−64-22)

Xenical 4 (−9-27) 16 (−5-34) −6 (-24-11)

Note. Presented as median (interquartile range) of total 14-d score.

Questionnaire is presented in the supporting information.

TABLE 5 Number of participants with a 1.5 points/d decrease in
hunger compared with baseline (data collected for 3 d preceding the
14-d period) after breakfast, lunch and dinner in the four treatment
arms

Treatment After Breakfast After Lunch After Dinner

60/20 4 (2-5) 1 (0-1)* 2 (2-3)*

90/30 4 (2-4) 4 (4-5)* 3 (3-4)*

120/40 4 (2-4) 5 (4-5)* 5 (4-6)*

Xenical 3 (2-3) 3 (2-3) 0 (0-1)

Note. Presented as median (interquartile range) number of participants

during the whole 14-d period.
*P<.05 for being different from conventional orlistat (adjusted for multiple

comparisons).
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Minor reductions were observed in body weight during the 14-d

study with no significant differences between the groups: MR-OA

60/20, 90/30 and 120/40 and conventional orlistat lost (mean ± SD)

0.65 ± 0.93 kg, 0.59kg ± 1.00 kg, 1.31 ± 1.58 kg and 1.29 ± 1.53 kg,

respectively. There were no changes in body composition or waist

circumference (data not shown) in any of the four treatment groups.

4 | DISCUSSION

This phase IIa trial in men with obesity showed that it is possible to

combine OA without increasing GI side-effects by using a MR

formulation. If anything, the side-effects were actually lower in this

combination product compared with conventional orlistat. The multi-

ple unit MR formulation of MR-OA resulted in an improved GI tolera-

bility as determined by the GI symptom score. Moreover, decreased

hunger and postprandial glucose concentration were observed in the

MR-OA groups. As stated before, improving tolerability is a key com-

ponent to increasing compliance,10 and thereby efficacy on a group

level.

The MR-OA groups reported less orlistat related side-effects and

more acarbose related side-effects. The latter observation may appear

obvious, as the conventional orlistat-group did not receive any aca-

rbose. Probably, the most “socially inconvenient side-effect” of orlistat

is faecal incontinence. Only one participant had one episode in each

of the MR-OA groups 60/20 and 90/30, and in the 120/40 group, six

participants had one episode. In the conventional orlistat group, three

participants had six or more episodes, another participant reported

one episode and one reported two episodes. The conventional orlistat

group reported liquid and oily stools more frequently. The most fre-

quently reported acarbose-related GI side-effect was flatulence. It is

important to note that no dose titration was performed in this study

and that the participants in the MR-OA 120/40 received 120 mg aca-

rbose per day (40 mg TID) from the start. Usually, a dose titration

TABLE 6 Meal pattern before and at the end of the 14-d phase IIa-study in the four treatment arms

Treatment Groups Poor Meal Pattern OK Meal Pattern Good Meal Pattern ALL

Pre-dose MR-OA 60/20 1a 3 13 17

MR-OA 90/30 0 5 12 17

MR-OA 120/40 2 4 10 16

Conventional orlistat 3 6 7 16

End of study MR-OA 60/20 0 2 13 15

MR-OA 90/30 0 2 15 17

MR-OA 120/40 0 5 11 16

Conventional orlistat 0 2 12 14

Note. The data are presented as number of participants.
aNumber of participants.

TABLE 7 Postprandial plasma concentrations of glucose, insulin and GLP-1 (mean ± SD) at days 1 and 14, respectively, during the 14-d study
in the four treatment arms

Analyte 60/20 90/30 120/40 Xenical

Glucose Cmean day 1 (mmol L−1) 5.52 ± 0.57* 5.56 ± 0.58* 5.46 ± 0.51* 6.14 ± 0.72

Glucose Cmean day 14 (mmol L−1) 5.52 ± 0.61 5.66 ± 0.65 5.51 ± 0.59 5.96 ± 0.92

Glucose Cmax day 1 (mmol L−1) 6.24 ± 0.64* 6.45 ± 0.75* 6.08 ± 0.66* 7.55 ± 1.17

Glucose Cmax day 14 (mmol L−1) 6.32 ± 0.58* 6.48 ± 0.85* 6.16 ± 0.88* 7.49 ± 1.54

Insulin Cmean day 1 (pmol L−1) 33.51 ± 11.80 31.97 ± 19.74 30.91 ± 17.15 55.72 ± 42.24

Insulin Cmean day 14 (pmol L−1) 33.40 ± 10.40 33.52 ± 18.88 30.15 ± 16.23 47.22 ± 39.74

Insulin Cmax day 1 (pmol L−1) 60.55 ± 19.76* 63.43 ± 34.44* 58.49 ± 33.02* 125.21 ± 93.31

Insulin Cmax day 14 (pmol L−1) 67.81 ± 18.56 61.18 ± 27.80 61.34 ± 30.32 104.28 ± 84.30

GLP-1 Cmean day 1 (pmol L−1) 14.25 ± 3.53 12.98 ± 2.98 14.97 ± 4.92 14.08 ± 4.31

GLP-1 Cmean day 14 (pmol L−1) 15.69 ± 4.34 13.74 ± 2.37 15.25 ± 3.79 14.21 ± 3.82

GLP-1 Cmax day 1 (pmol L−1) 18.40 ± 4.69 18.10 ± 6.69 19.60 ± 6.82 17.44 ± 6.12

GLP-1 Cmax day 14 (pmol L−1) 23.29 ± 7.36 18.98 ± 4.88 21.21 ± 6.70 18.75 ± 4.91

Abbreviation: Cmax: highest concentration reached during blood sampling; Cmean: average blood concentration from 0 to 360 min; GLP-1: glucagon like

peptide-1.
*P<.05 for being different from conventional orlistat (adjusted for multiple comparisons).
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period over 2 to 3 weeks is recommended to reduce the frequency

and severity the GI effects when initializing treatment with aca-

rbose.18 With dose titration, the reports of both flatulence and also

flatulence with discharge should decrease.18 The GI symptoms associ-

ated with acarbose also have a clear diet component as they vary

from ~3% in an Asia-Pacific population to ~30% in a European popu-

lation.25 The observation that there were no dropouts in the MR-OA

arms (despite the omission of dose-titration) but two dropouts in the

conventional orlistat arm could be a sign that the MR-OA product did

not aggravate conventional orlistat's side-effects.

In this study, hunger was decreased in participants receiving MR-

OA. This is a different effect than that of conventional orally adminis-

tered orlistat, which has been shown to be associated with an acutely

increased appetite14; MR-OA has an enteric coating that prevents

gastric release of orlistat. This helps maintain a normal satiety regula-

tion from the stomach and proximal small intestine, and a physiologi-

cal fed gastric emptying rate.14,16,47-49 Although hunger was reduced,

no differences in total plasma GLP-1 concentration were found. Aca-

rbose has been reported to enhance GLP-1 release in healthy persons,

but in type II diabetic patients, findings have varied.50-54 These studies

used either higher acarbose doses (100 mg meal−1) or had longer

treatment periods (~6 months). 50-52,54 Other explanations for the lim-

ited effect on GLP-1 might be the short study duration (14 days),

peripheral sampling site (GLP-1 is released in the gut), lower sensitiv-

ity to GLP-1 secretion in persons with obesity55 and/or high

interindividual variation. Yet another explanation for the lack of a

clear effect of GLP-1 is that the effect of MR-OA might be more pro-

nounced in the afternoon/evening, as indicated by the difference in

hunger after lunch and dinner. Sampling was performed until about

14:00 due to constraints how much blood could be taken; therefore,

any changes in GLP-1 occurring later in the day could have been

missed. Another plausible mechanism for reduced hunger is the

presence of mild GI side-effects in the MR-OA groups, namely, nausea

and gastric distension. Nausea has previously being shown to be

related to appetite and weight loss.56 In addition, more MR-OA partic-

ipants reported mild/moderate gastric distension, and this may also

have had an impact on hunger ratings.

Postprandial glucose and insulin concentrations were reduced in

participants receiving MR-OA compared with the orlistat alone, espe-

cially during day 1. This was the expected postprandial effect of the

acarbose in the combination formulation. Acarbose inhibits amylase,

consequently reducing the intestinal absorption rate of glucose. Both

lower blood glucose concentrations as well as lower insulin concentra-

tions have been associated with lower ratings of appetite.57,58 More-

over, the 1 mmol difference in Cmax has been shown to be equivalent

of a clinically relevant change in HbA1c.59 Conventional orlistat has

been shown to decrease the risk of developing diabetes60; this risk

may be reduced further by combining orlistat with acarbose. It is not

clear why the differences in postprandial glucose and insulin between

groups were attenuated from visit 1 to visit 14; possibly, changes in

meal patterns may be connected to this observation.

A short note regarding methodology: In this study, there was a

focus on participants achieving a certain level of change, in addition to

absolute change; analogous to weight loss studies, where not only

average weight loss is of interest, but also percentage of participants

who achieve either 5% or 10% weight loss.61 A possible bias may have

been introduced because GI side-effects were evaluated three times

daily, which could have increased the participants' focus on GI side-

effects (in most published clinical trials, GI side-effects have been

assessed at longer intervals, eg, every third month).62,63 Possibly, as a

results of higher subject awareness, GI side-effects were reported at a

higher level compared with other studies.64 In a recent meta-

analysis,65 it has been shown that both acute and sustained effects on

appetite aid in weight regulation. In this study, a clinically relevant

change was defined as a difference in 1.5 points, which has previously

been demonstrated to be related to an actual change in energy intake.
44 Furthermore, this study's 3-d baseline evaluation of participants

followed by close monitoring for 14 days is a uniquely long appetite

assessment.

Some limitations with this study design need to be discussed.

Firstly, at this stage of development, the trial was not fully blinded,

which may have affected the subjective assessments as well as

increased the “diet awareness,” especially in the conventional orlistat

group. Ratings of side-effects and hunger might have been influenced

by the knowledge that the person was taking MR-OA (which could

have been perceived as the “new-and-improved drug”) or conven-

tional orlistat, theoretically leading to an artificially big difference in

both tolerability and hunger ratings. Limited data suggest that partici-

pants using orlistat can adjust their diet (ie, eat less fat) to avoid side-

effects, but this avoidance behaviour has only been observed for a

short period (maximally a few weeks) when food intake is assessed

regularly.9 Therefore, the improvement observed in meal patterns for

participants receiving the conventional orlistat product was possibly

due to awareness of conventional orlistat's mechanism of action, and

this improvement was probably transient.9 Actual differences in toler-

ability as well as appetite could have been larger if no diet changes

had occurred.

Secondly, the individual variation in tolerability and appetite

found in the study was larger than anticipated, rendering the study

somewhat underpowered. For tolerability, there was only one previ-

ous study, but with a slightly different design to base the power calcu-

lations on.36 A difference in number of participants achieving a

clinically relevant decrease in hunger was found, although no statisti-

cal difference in hunger scores was observed. 42 So, even if the

numerical difference between the MR-OA and Xenical was in line

with the number of participants achieving hunger reduction, the effect

size was smaller than anticipated. This larger individual difference

must be factored in for a prospective long-term study. Lastly, only

men were included in this exploratory study and the results need to

be confirmed in women.

5 | CONCLUSION

This study of OA (MR-OA) in a MR dosage form shows that OA can

be combined without aggravating their individual GI side-effects.
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Moreover, MR-OA shows promising effects regarding appetite. The

effect on hunger, together with the effects on glucose and insulin

levels, indicates that the specifically designed release rates of OA trig-

ger systems involved in appetite regulation. These preliminary results

need to be confirmed in a study of longer duration in a more diverse

population where weight loss is the primary outcome.

ACKNOWLEDGEMENT

The authors wish to express their gratitude to Associate Professor Aili

Low for linguistic and editorial comments.

CONFLICT OF INTEREST

The authors declare the following competing financial interests:

Holmbäck U, Forslund A, Grudén S, Alderborn G, Söderhäll A and

Lennernäs H have equity interests in Empros Pharma AB and have

acted as consultants for the company. Söderhäll A is the CEO of

Empros Pharma.

TRIAL REGISTRATION

EudraCT 2016-001055-50

AUTHOR CONTRIBUTIONS

All authors took part in designing the study outline. UH, AF, GA, SG

and HL designed the MR-OA product. UH and HL wrote the manu-

script. All authors have taken part in reviewing and finalizing the

manuscript.

ORCID

Ulf Holmbäck https://orcid.org/0000-0002-0764-5878

Anders Forslund https://orcid.org/0000-0001-9109-4556

Per M. Hellström https://orcid.org/0000-0001-8428-0772

Hans Lennernäs https://orcid.org/0000-0002-1578-5184

REFERENCES

1. Srivastava G, Apovian C. Future pharmacotherapy for obesity: new

anti-obesity drugs on the horizon. Curr. Obes. Rep. 2018;7:147-161.

2. Li M-F, Cheung BM. Rise and fall of anti-obesity drugs. World

J. Diabetes. 2011;2:19-23.

3. Krentz AJ, Fujioka K, Hompesch M. Evolution of pharmacological

obesity treatments: focus on adverse side-effect profiles. Diabetes

Obes. Metab. 2016;18:558-570.

4. Gadde KM, Apolzan JW, Berthoud H-R. Pharmacotherapy for

Patients with Obesity. Clin. Chem. 2018;64:118-129.

5. Zhang S, Manne S, Lin J, Yang J. Characteristics of patients potentially

eligible for pharmacotherapy for weight loss in primary care practice

in the United States: Pharmacotherapy patient characteristics. Obes.

Sci. Pract. 2016;2:104-114.

6. Anderson JW. Orlistat for the management of overweight individuals

and obesity: a review of potential for the 60-mg, over-the-counter

dosage. Expert Opin. Pharmacother. 2007;8:1733-1742.

7. Khera R, Murad MH, Chandar AK, et al. Association of pharmacologi-

cal treatments for obesity with weight loss and adverse events: a

systematic review and meta-analysis. JAMA. 2016;315:2424-2434.

8. Richelsen B, Tonstad S, Rössner S, et al. Effect of orlistat on weight

regain and cardiovascular risk factors following a very-low-energy diet

in abdominally obese patients: a 3-year randomized, placebo-

controlled study. Diabetes Care. 2007;30:27-32.

9. Franson K, Rössner S. Fat intake and food choices during weight

reduction with diet, behavioural modification and a lipase inhibitor.

2000.

10. Johansson K, Neovius K, DeSantis SM, Rössner S, Neovius M.

Discontinuation due to adverse events in randomized trials of orlistat,

sibutramine and rimonabant: a meta-analysis. Obes. Rev. Off. J. Int.

Assoc. Study Obes. 2009;10:564-575.

11. Dong Z, Xu L, Liu H, Lv Y, Zheng Q, Li L. Comparative efficacy of five

long-term weight loss drugs: quantitative information for medication

guidelines: Five long-term weight loss drugs. Obes. Rev. 2017;18:

1377-1385.

12. Gorgojo-Martínez JJ, Basagoiti-Carreño B, Sanz-Velasco A,

Serrano-Moreno C, Almodóvar-Ruiz F. Effectiveness and

tolerability of orlistat and liraglutide in patients with obesity in a

real-world setting: The XENSOR Study. Int. J. Clin. Pract. 2019;73:

e13399. https://doi.org/10.1111/ijcp.13399

13. O'Donovan D, Horowitz M, Russo A, et al. Effects of lipase inhibition

on gastric emptying of, and on the glycaemic, insulin and cardiovascu-

lar responses to, a high-fat/carbohydrate meal in type 2 diabetes.

Diabetologia. 2004;47:2208-2214.

14. Ellrichmann M, Kapelle M, Ritter PR, et al. Orlistat inhibition of

intestinal lipase acutely increases appetite and attenuates postpran-

dial glucagon-like peptide-1-(7–36)-amide-1, cholecystokinin, and

peptide YY concentrations. J. Clin. Endocrinol. Metab. 2008;93:

3995-3998.

15. Tai K, Hammond AJ, Wishart JM, Horowitz M, Chapman IM.

Carbohydrate and fat digestion is necessary for maximal

suppression of total plasma ghrelin in healthy adults. Appetite. 2010;

55:407-412.

16. Enç FY, Ones T, Akin HL, et al. Orlistat accelerates gastric emptying

and attenuates GIP release in healthy subjects. Am. J. Physiol. Gas-

trointest. Liver Physiol. 2009;296:G482-G489.

17. Pilichiewicz A, O'Donovan D, Feinle C, et al. Effect of lipase inhibition

on gastric emptying of, and the glycemic and incretin responses to, an

oil/aqueous drink in type 2 diabetes mellitus. J. Clin. Endocrinol.

Metab. 2003;88:3829-3834.

18. Laube H. Acarbose: An update of its therapeutic use in diabetes treat-

ment. Clin. Drug Investig. 2002;22:141-156.

19. Sternby B, Hartmann D, Borgström B, Nilsson A. Degree of in vivo

inhibition of human gastric and pancreatic lipases by Orlistat

(Tetrahydrolipstatin, THL) in the stomach and small intestine. Clin.

Nutr. Edinb. Scotl. 2002;21:395-402.

20. Bénarouche A, Point V, Parsiegla G, Carrière F, Cavalier J-F. New

insights into the pH-dependent interfacial adsorption of dog gastric

lipase using the monolayer technique. Colloids Surf. B Biointerfaces.

2013;111:306-312.

21. Bénarouche A, Point V, Carrière F, Cavalier J-F. Using the reversible

inhibition of gastric lipase by Orlistat for investigating simultaneously

lipase adsorption and substrate hydrolysis at the lipid–water inter-

face. Biochimie. 2014;101:221-231.

22. Kalra S, Sahay RK, Schnell O, et al. Acarbose improves glycemic

control and reduces body weight: Subanalysis data of

South Asia region. Indian J. Endocrinol. Metab. 2013;17(Suppl 1):

S307-9.

23. Li Y, Tong Y, Zhang Y, Huang L, Wu T, Tong N. Acarbose

monotherapy and weight loss in Eastern and Western populations

with hyperglycaemia: an ethnicity-specific meta-analysis. Int. J. Clin.

Pract. 2014;68:1318-1332.

24. Schnell O, Weng J, Sheu WH, et al. Acarbose reduces body weight

irrespective of glycemic control in patients with diabetes: results of a

worldwide, non-interventional, observational study data pool.

J. Diabetes Complications. 2016;30:628-637.

25. Holman RR, Coleman RL, Chan JCN, et al. Effects of acarbose on

cardiovascular and diabetes outcomes in patients with coronary heart

disease and impaired glucose tolerance (ACE): a randomised, double-

HOLMBÄCK ET AL. 321

https://orcid.org/0000-0002-0764-5878
https://orcid.org/0000-0002-0764-5878
https://orcid.org/0000-0001-9109-4556
https://orcid.org/0000-0001-9109-4556
https://orcid.org/0000-0001-8428-0772
https://orcid.org/0000-0001-8428-0772
https://orcid.org/0000-0002-1578-5184
https://orcid.org/0000-0002-1578-5184
https://doi.org/10.1111/ijcp.13399


blind, placebo-controlled trial. Lancet Diabetes Endocrinol. 2017;5:

877-886.

26. Zhang W, Kim D, Philip E, et al. A multinational, observational study

to investigate the efficacy, safety and tolerability of acarbose as

add-on or monotherapy in a range of patients: the Gluco VIP study.

Clin. Drug Investig. 2013;33:263-274.

27. Boles A, Kandimalla R, Reddy PH. Dynamics of diabetes and obesity:

epidemiological perspective. Biochim. Biophys. Acta. 2017;1863:1026-

1036.

28. Xenical 120 mg hard capsules - Summary of Product Characteristics

(SmPC) - (eMC). https://www.medicines.org.uk/emc/product/2592/

smpc.

29. Product Monograph Glucobay.

30. EudraCT Number 2016-001055-50 - Clinical trial results - EU Clinical

Trials Register. https://www.clinicaltrialsregister.eu/ctr-search/trial/

2016-001055-50/results.

31. Prentice AM, Jebb SA. Beyond body mass index. Obes. Rev. 2001;2:

141-147.

32. Schisterman EF, Mumford SL, Sjaarda LA. Failure to consider the

menstrual cycle phase may cause misinterpretation of clinical and

research findings of cardiometabolic biomarkers in premenopausal

women. Epidemiol. Rev. 2014;36:71-82.

33. Asarian L, Geary N. Sex differences in the physiology of

eating. Am. J. Physiol.-Regul. Integr. Comp. Physiol. 2013;305:R1215-

R1267.

34. McNeil J, Cameron JD, Finlayson G, Blundell JE, Doucet É. Greater

overall olfactory performance, explicit wanting for high fat foods and

lipid intake during the mid-luteal phase of the menstrual cycle. Physiol.

Behav. 2013;112–113:84-89.
35. Atalayer D, Pantazatos SP, Gibson CD, et al. Sexually dimorphic

functional connectivity in response to high vs. low energy-dense food

cues in obese humans: An fMRI study. NeuroImage. 2014;100:

405-413.

36. Cavaliere H, Floriano I, Medeiros-Neto G. Gastrointestinal side

effects of orlistat may be prevented by concomitant prescription of

natural fibers (psyllium mucilloid). Int. J. Obes. Relat. Metab. Disord.

J. Int. Assoc. Study Obes. 2001;25:1095-1099.

37. Bayer. Product Monograph Glucobay.

38. Glucobay 50mg tablets - Summary of Product Characteristics

(SmPC) - (eMC). https://www.medicines.org.uk/emc/product/364/

smpc.

39. Blundell J, de Graaf C, Hulshof T, et al. Appetite control:

methodological aspects of the evaluation of foods. Obes. Rev. 2010;

11:251-270.

40. Bertéus Forslund H, Lindroos A, Sjöström L, Lissner L. Meal patterns

and obesity in Swedish women–a simple instrument describing usual

meal types, frequency and temporal distribution. Eur. J. Clin. Nutr.

2002;56:740-747.

41. Leech RM, Worsley A, Timperio A, McNaughton SA. Understanding

meal patterns: definitions, methodology and impact on nutrient intake

and diet quality. Nutr. Res. Rev. 2015;28:1-21.

42. Horner KM, Byrne NM, King NA. Reproducibility of subjective

appetite ratings and ad libitum test meal energy intake in overweight

and obese males. Appetite. 2014;81:116-122.

43. Hasson D, Arnetz BB. Validation and findings comparing VAS vs.

Likert Scales for Psychosocial Measurements. Int. Electron. J. Health

Educ. 2005;8:178-192.

44. Sadoul BC, Schuring EAH, Mela DJ, Peters HPF. The relationship

between appetite scores and subsequent energy intake: an analysis

based on 23 randomized controlled studies. Appetite. 2014;83:

153-159.

45. Holm S. A simple sequentially rejective multiple test procedure.

Scandinavian Journal of Statistics. 1979;6(2):65-70. https://www.jstor.

org/stable/4615733

46. Fox, J. & Bouchet-Valat, M. Rcmdr: R Commander. R package version

2.4-2. (2018).

47. O'Dea K, Turton J. Optimum effectiveness of intestinal alpha-

glucosidase inhibitors: importance of uniform distribution through a

meal. Am. J. Clin. Nutr. 1985;41:511-516.

48. Maljaars PWJ, Peters HPF, Mela DJ, Masclee AAM. Ileal brake: a

sensible food target for appetite control. A review. Physiol. Behav.

2008;95:271-281.

49. Feinle-Bisset C, Patterson M, Ghatei MA, Bloom SR, Horowitz M. Fat

digestion is required for suppression of ghrelin and stimulation of

peptide YY and pancreatic polypeptide secretion by

intraduodenal lipid. Am. J. Physiol.-Endocrinol. Metab. 2005;289:E948-

E953.

50. Ranganath L, Norris F, Morgan L, Wright J, Marks V. Delayed gastric

emptying occurs following acarbose administration and is a further

mechanism for its anti-hyperglycaemic effect. Diabet. Med. 1998;15:

120-124.

51. Enç FY, Imeryüz N, Akin L, et al. Inhibition of gastric emptying by

acarbose is correlated with GLP-1 response and accompanied by

CCK release. Am. J. Physiol. Gastrointest. Liver Physiol. 2001;281:

G752-G763.

52. Qualmann C, Nauck MA, Holst JJ, Orskov C, Creutzfeldt W. Gluca-

gon-like peptide 1 (7-36 amide) secretion in response to luminal

sucrose from the upper and lower gut. A study using alpha-

glucosidase inhibition (acarbose). Scand. J. Gastroenterol. 1995;30:

892-896.

53. Seifarth C, Bergmann J, Holst JJ, Ritzel R, Schmiegel W, Nauck MA.

Prolonged and enhanced secretion of glucagon-like peptide 1 (7-36

amide) after oral sucrose due to alpha-glucosidase inhibition

(acarbose) inType 2 diabetic patients. Diabet. Med. J. Br. Diabet. Assoc.

1998;15:485-491.

54. Hücking K, Kostic Z, Pox C, et al. alpha-Glucosidase inhibition

(acarbose) fails to enhance secretion of glucagon-like peptide 1 (7-36

amide) and to delay gastric emptying in Type 2 diabetic patients.

Diabet. Med. J. Br. Diabet. Assoc. 2005;22:470-476.

55. Ranganath LR, Beety JM, Morgan LM, Wright JW, Howland R,

Marks V. Attenuated GLP-1 secretion in obesity: cause or conse-

quence? Gut. 1996;38:916-919.

56. Lean ME, Carraro R, Finer N, et al. Tolerability of nausea and vomiting

and associations with weight loss in a randomized trial of

liraglutide in obese, non-diabetic adults. Int. J. Obes. 2014;38:

689-697.

57. Caferoglu Z, Hatipoglu N, Gokmen Ozel H. Does food insulin index in

the context of mixed meals affect postprandial metabolic responses

and appetite in obese adolescents with insulin resistance? A

randomised cross-over trial. Br. J. Nutr. 2019;1-26. https://doi.org/

10.1017/S0007114519001351

58. Chandler-Laney PC, Morrison SA, Goree LL, et al. Return of

hunger following a relatively high carbohydrate breakfast is associ-

ated with earlier recorded glucose peak and nadir. Appetite. 2014;80:

236-241.

59. Makris K, Spanou L. Is there a relationship between mean blood

glucose and glycated hemoglobin? J. Diabetes Sci. Technol. 2011;5:

1572-1583.

60. Torgerson JS, Hauptman J, Boldrin MN, Sjostrom L. XENical in the

Prevention of Diabetes in Obese Subjects (XENDOS) Study: a ran-

domized study of orlistat as an adjunct to lifestyle changes for the

prevention of type 2 diabetes in obese patients. Diabetes Care. 2004;

27:155-161.

61. EMA/CHMP. Guideline on clinical evaluation of medicinal products

used in weight management. 10.

62. Mertes G. Safety and efficacy of acarbose in the treatment of Type

2 diabetes: data from a 5-year surveillance study. Diabetes Res. Clin.

Pract. 2001;52:193-204.

322 HOLMBÄCK ET AL.

https://www.medicines.org.uk/emc/product/2592/smpc
https://www.medicines.org.uk/emc/product/2592/smpc
https://www.clinicaltrialsregister.eu/ctr-search/trial/2016-001055-50/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2016-001055-50/results
https://www.medicines.org.uk/emc/product/364/smpc
https://www.medicines.org.uk/emc/product/364/smpc
https://www.jstor.org/stable/4615733
https://www.jstor.org/stable/4615733
https://doi.org/10.1017/S0007114519001351
https://doi.org/10.1017/S0007114519001351


63. Chiasson JL, Josse RG, Gomis R, et al. Acarbose for prevention of

type 2 diabetes mellitus: the STOP-NIDDM randomised trial. The

Lancet. 2002;359:2072-2077.

64. Gaal LFV. Ef®cacy and tolerability of orlistat in the treatment of

obesity: a 6-month dose-ranging study. 8.

65. Hansen TT, Andersen SV, Astrup A, Blundell J, Sjödin A. Is reducing

appetite beneficial for body weight management in the context of

overweight and obesity? A systematic review and meta-analysis from

clinical trials assessing body weight management after exposure to

satiety enhancing and/or hunger reducing products. Obes. Rev. 2019;

20:983-997.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Holmbäck U, Forslund A, Grudén S,

et al. Effects of a novel combination of orlistat and acarbose

on tolerability, appetite, and glucose metabolism in persons

with obesity. Obes Sci Pract. 2020;6:313–323. https://doi.org/

10.1002/osp4.405

HOLMBÄCK ET AL. 323

https://doi.org/10.1002/osp4.405
https://doi.org/10.1002/osp4.405

	Effects of a novel combination of orlistat and acarbose on tolerability, appetite, and glucose metabolism in persons with o...
	1  INTRODUCTION
	2  MATERIAL AND METHODS
	2.1  Study design
	2.2  Study participants
	2.3  Treatments
	2.4  Study outline
	2.5  Efficacy variables
	2.6  Statistical analysis

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENT
	  CONFLICT OF INTEREST
	  TRIAL REGISTRATION
	  AUTHOR CONTRIBUTIONS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


