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Aim: To identify patient factors, including gastrointestinal functions that are predictive or
associated with weight loss in response to 3mg SQ liraglutide or placebo in obesity.

Methods: 136 obese adults (87% female) were randomized in a placebo-controlled, 16-week trial
of liraglutide, escalated to 3mg SQ daily. Gastrointestinal functions were measured at baseline

and 16 weeks: gastric emptying of solids (GET,); fasting and postprandial gastric volumes; kcal
ingested during ad /ibitum buffet meal and during nutrient drink test. GETq/, was also measured
at 5 weeks. A multiple variable regression model examined variables associated with weight loss
>4kg at 16 weeks. A parsimonious model using backward selection identified the final model.

Results: Weight loss >4kg at 16 weeks occurred in 71% of liraglutide and 16% of placebo-
treated patients. In all participants combined, parameters univariately associated with >4kg loss
were: GETq, at 5 and 16 weeks, weight loss at 5 weeks, and kcal intake during buffet meal at

16 weeks. The final parsimonious model (AUROC 0.832) identified that factors associated with
>4kg loss were GETq/; at 5 weeks (OR=2.505; 95% CI: 1.57-3.997) per 50 minutes and kcal
intake during ad /ibitum meal at 16 weeks (OR=0.721; 95% CI: 0.602-0.864) per 100kcal. Among
only the 60 liraglutide-treated subjects, kcal intake at 16 weeks was associated with 4kg loss
(AUROC=0.757).

Conclusions: Slower GET1, and weight loss at 5 weeks predicted weight loss >4kg at 16 weeks
in all participants. Among liraglutide-treated adults, >4kg loss was associated with ad /ibitum meal
kcal at 16 weeks.
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INTRODUCTION

The response to non-surgical interventions for obesity such as diet, exercise, and
pharmacotherapeutics remains highly variable and is often short lasting.1=3 Liraglutide is
a long-acting analog of human glucagon-like peptide-1 (GLP-1) that is approved by the
United States Food and Drug Administration at a dosage of 3mg per day administered
subcutaneously (SQ) for weight management in adults with BMI =30kg/m?, or >27kg/m?2
with obesity related co-morbidities, and for pediatric population weighing at least 60kg
with BMI =30kg/m? aged 12 years and older. It is proven effective in reducing weight in
individuals with obesity.# Systematic reviews have shown that, as a class, GLP-1 agents are
the most efficacious medications®® and, among the GLP-1 analogs or agonists, liraglutide
was the most efficacious medication for inducing weight loss after SQ semaglutide.’

Endogenous GLP-1, GLP-1 analogs, and GLP-1 receptor agonists induce weight loss
through several peripheral and central mechanisms including delay of gastric emptying,
activation of the ileal brake, increase in satiety, decrease in glucagon secretion, and direct
modulation of appetite centers.8-14 While the principal mechanistic driver of weight loss
is still unknown, it is established that there is no thermogenic effect of liraglutide, and
therefore the dominant mechanism is considered to be related to caloric restriction rather
than increased energy expenditure.1® Gastrointestinal functions and postprandial satiation
may impact the variable outcomes of obesity therapy. As a pharmacological class, GLP-1
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analogs or agonists significantly retard gastric emptying.8 Some GLP-1 agonists are
available in short- and long-acting formulations, the latter of which can be administered
once weekly. While short-acting exenatide is known to slow gastric emptying, Jones et al.
were able to show that the long-acting once weekly exenatide also slowed gastric emptying
as compared to placebo.18 Furthermore, Thazhath et al. showed that exenatide increased
small bowel transit in both healthy and diabetic volunteers which could be a mechanism

by which GLP-1 agonists exert their effects.1? Interestingly, a network meta-analysis that
compared multiple GLP-1 agonists’ efficacy to achieve excess weight loss suggests that
GLP-1 agents with stronger effects on weight loss, such as liraglutide and semaglutide, have
a higher risk of adverse events, particularly nausea and vomiting.” It has been suggested that
this could be a predictor of, or possibly a mechanism for, their weight loss properties.’18.19
A recently published randomized placebo-controlled trial of liraglutide found that patients
who experienced nausea achieved greater absolute weight loss.20 However, the relationship
remains unclear as gastrointestinal adverse events generally develop within 4 weeks of
starting treatment and may be transient.*:21

In a trial involving 136 participants (initial pilot data and full data published),2%:22 3mg
liraglutide significantly delayed time to half gastric emptying of solids (GETy») at 5 and 16
weeks, with the delay in gastric emptying being significantly correlated with weight loss at 6
weeks.20-22 Gjven that exogenous GLP-1 is known to increase both fasting and postprandial
gastric volumes,23 it is was hypothesized that liraglutide also affects gastric volumes and this
may contribute to weight loss by altering appetite.

Energy intake has been used as a clinical measure to assess the effect of liraglutide on
weight loss.11:14.24 \Weight loss was found to be associated with a decrease in kcal consumed
during ad /ibitum meal in two studies.2424 A randomized, placebo-controlled trial of 3mg
liraglutide reported that calorie intake in a single ad /ibitum meal correlated with weight

loss in nondiabetic patients with obesity.2> However, there was no correlation with gastric
emptying measured using plasma acetaminophen levels. The most accepted factors for
predicting successful weight loss among patients receiving GLP-1 agonists include dosage
and serum levels.”21.26 However, these same factors are associated with greater risk of
adverse events.”21 Thus, there is a need to identify alternative and patient-level factors that
predict or are associated with successful weight loss in patients receiving liraglutide.

Our hypothesis was that measurements at baseline, 5 and 16 weeks of gastric functions
such as gastric volumes, gastric emptying, plasma incretin levels, and satiety predict

or are associated with weight loss at 16 weeks in response to 3mg liraglutide SQ
administered for 16 weeks. Therefore, the objective of this analysis was to identify the

best predictors or factors associated with weight loss >4kg among demographic parameters
and gastrointestinal functions in obesity in response to 3mg of SQ liraglutide administered
for 16 weeks. The >4kg weight loss was selected as a clinically relevant degree of loss
over 16 weeks, given that the weighted mean difference in nine clinical trials of liraglutide
>1.8mg was 4.49Kkg (3.72 to 5.26) when administered for mean 42.2 weeks (range 12-160
weeks).
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Study Design, Participants, and Ethical Approval

This single-center (Mayo Clinic, Rochester, MN, USA), double-blind, placebo-controlled,
parallel-group trial of once daily SQ liraglutide 3mg or placebo (1:1) for a total treatment
period of 16 weeks has been published elsewhere.2? The current analysis to identify factors
that predict or are associated with weight loss was conducted based on the information
collected including demographic parameters and gastrointestinal functions as detailed below.

Adults with obesity (BMI >30kg/m2) who were otherwise healthy, 18-65 years of age, and
residing within 125 miles of the center were recruited. The study was approved by Mayo
Clinic Institutional Review Board (IRB #15-001783). All participants provided written
informed consent. This study is registered with ClinicalTrials.gov NCT#03523273 and is
closed to participants.

Participants with delayed gastric emptying of solids (>90th percentile according to gender,
<87% in males or <81% emptied at 4 hours in females)?” were excluded to ensure
participant safety.

Treatment with Liraglutide

The study followed standard FDA recommendations on the use of liraglutide including
screening questionnaires for psychiatric symptoms,28 alcohol use disorders,29 eating
disorders,30 and intake of medications except for multivitamins within 7 days of the study.

A total of 136 participants were enrolled up to May 1, 2021 and completed the studies

by August 31, 2021. Details of randomization and blinding are as in the prior report.20
Liraglutide (SAXENDA® Novo Nordisk, Inc., Plainsboro, NJ, USA) was purchased and
stored in Mayo Clinic Research Pharmacy. All liraglutide and saline placebo supplies

were dispensed by the Research Pharmacy directly to the study participants; therefore,
participants and study staff were unaware of treatment assignment. Liraglutide was escalated
as recommended by the FDA: 0.6mg daily for one week and increased by 0.6mg weekly
increments until 3.0mg was reached over 4 weeks. Every 4 weeks, participants obtained a
new supply of study medication from the Research Pharmacy.

Participants received education and a “Direction for Use” pamphlet provided by the Clinical
Research Trials Unit nurses not associated with the research study.

Standardization of Dietetic and Behavioral Advice

Procedures

Participants in both treatment groups received standardized dietetic and behavioral
counseling for weight reduction therapy.20

Study protocol and measurements of gastrointestinal functions and satiation
—The study protocol is described elsewhere in detail 22 All study participants underwent
screening visits, baseline measurements of gastrointestinal, behavioral, and psychological
factors, and dose escalation (0.6mg per week for liraglutide, and similar weekly volume
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increments for placebo). Quantitative traits22 were measured as follows at baseline and
after 16 weeks of treatment: gastric emptying of solids (standardized 320-kcal solid-liquid
meal?’), satiation by ad /ibitum meal, volume to fullness and maximum tolerated volume of
liquid nutrient meal,3! fasting and postprandial gastric volumes (in response to a standard
volume of 300mL Ensure®).32 An additional scintigraphic gastric emptying test with the
same solid-liquid meal was performed at week 5. On the day of the nutrient drink test,
participants had blood samples drawn fasting, and at 15, 45, and 90 minutes during and
after nutrient drink ingestion to measure the incretin peptide Y'Y (peptide tyrosine-tyrosine)
which was quantified using the Human Peptide Y'Y Double Antibody Radioimmunoassay
Kit (Millipore Research, Inc., St. Louis, MO, USA). PYY exists in two or more molecular
forms, 1-36 and 3-36, both of which are physiologically active and are detected by the
assay.

All participants also had genotyping’ for 7CF7L.2rs6923761 (CT/TT vs. CC) and GLP-IR
rs7903146 (AG/AA vs. GG) which respectively modify the synthesis of endogenous GLP-1
and the functions of GLP-1 receptors respectively.

Statistical Analysis

A multiple variable regression model was used to examine the likelihood of weight loss
>4kg at 16 weeks of the study in all patients and selectively in patients in the liraglutide
arm. Sex was not included as a candidate predictor of weight loss outcome in the statistical
analysis. A parsimonious model was fit using backward selection to identify the final model.
Statistical analyses were performed using SAS Software, version 9.4 (SAS Institute). Odds
ratios and corresponding 95% confidence intervals were calculated. All odds ratios for
GETy/, are reported for 10 minutes and 50 minutes of change in Tables 2 and 3 and for 1kg
change in the body weight. The rationale for expressing the odds ratio for 50 minutes of
change in GET/, was based on the observations of the effects of liraglutide in the parent
study2% which was a median slowing at 5 weeks of 69.7 minutes (IQR: 32.3-97.1), and a
median slowing at 16 weeks of 33.8 minutes (IQR:3.7-63.4). Odds ratios for ad libitum
buffet meal are reported per 100 calories of change to better assess the magnitude of the
effect. All p-values that were lower than <0.0001 were reported as p<0.0001.

Data Availability

Data were collected as part of a previous clinical trial (Clinical Trials.gov NCT#03523273)
in Obesity.20

Role of the Funding Source

The funding source, National Institutes of Health, had no involvement in the study design, in
collection, analysis, and interpretation of the data, in writing the report, or in the decision to
submit the paper for publication.

All authors had full access to all the data in the study and accept responsibility to submit this
work for publication.
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RESULTS

Baseline Characteristics

Among the 136 randomized participants, 124 completed the 16-week study (65 placebo

and 59 liraglutide). Complete data on the diverse measurements of gastrointestinal functions
are available for 121 participants. Baseline characteristics were not significantly different
between the two treatment groups (Table 1, which includes age, race, and sex of the
participants, adapted from Maselli, et al.2%).

End-of-study weight loss >4 kg was achieved by 71% of the liraglutide group compared to
16% of placebo group as published previously.2°

Univariate Predictors and Factors Associated with Weight Loss in All Patients

Table 2 shows univariate predictors measured at baseline, week 5, and week 16 of the study
that were associated with weight loss of >4kg at 16 weeks in all patients. Demographic
parameters such as sex, baseline BMI, baseline serum glucose, and age as well as 7TCF7L2
and GLPIR genotype variation were not significant predictors of weight loss >4kg at 16
weeks.

Baseline variables—As expected, liraglutide treatment was associated with weight loss
of >4kg at 16 weeks compared to placebo treatment [OR=12.9 (95% CI: 5.53 to 31.11;
P<0.0001)]. At baseline, no other variables were positively associated with weight loss.

On the other hand, two variable were significantly associated with a lower odds of weight
loss >4kg at 16 weeks: total calories consumed during an ad /ibitum buffet meal and
maximum tolerated calories consumed during nutrient drink test (Table 2). Participants with
a 50-minute difference in GETy; at baseline were not more likely to achieve weight loss
>4kg [OR = 1.71 (95% CI: 0.83 to 3.49; P=0.144)]. Baseline fasting and mean postprandial
PYY had no significant utility in prediction of weight loss >4kg at 16 weeks of treatment.

Week 5 variables—GET;, was a significant predictor of weight loss >4kg at 16 weeks,
with an OR=2.87 (95% CI: 1.86 to 4.43; P<0.0001) for 50 minute difference and had an
area under the receiver operator characteristics curve (AUROC) of 0.77. Change in GETy),
from baseline to week 5 was also a significant predictor with an OR=3.25 (95% ClI: 2.01

to 5.54; P<0.0001) for 50 minutes of change and with an AUROC=0.78. As expected, an
absolute weight loss of 1kg from baseline to week 5 had an OR=4.45 (95% CI: 2.55 to 7.78;
P<0.0001) and AUROC=0.96.

Week 16 associated factors—Total calories consumed during an ad /ibitum buffet meal
at 16 weeks were significantly associated with weight loss >4kg at 16 weeks [OR=0.7

(95% CI: 0.58 to 0.83; P<0.0001)]. Participants with a 50-minute slower GET1;» where
significantly more likely to achieve a weight loss >4kg [OR=2.86 (95% CI: 1.66 to 4.91;
P=0.0001)]. Furthermore, those who experienced a 50-minute delay in GETy/, over the
16-week study period were also significantly more likely to experience clinically meaningful
weight loss [OR=2.63 (95% CI: 1.49 to 4.64; P=0.0009)]. An increase in the maximum
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tolerated calories during the nutrient drink test, though not fasting and mean postprandial
peptide YY measurements, was associated with a decreased likelihood of weight loss.

Univariate Predictors and Factors Associated with Weight Loss in Liraglutide Arm

GET4/, measured at baseline and week 16 were not significant predictors or associated
factors with weight loss of >4kg at 16 weeks. GETy/, at week 5 had an OR=1.6 (95% CI:
0.91 to 2.83; P=0.103) for a 50-minute difference. However, total calories consumed during
an ad libitum buffet meal at baseline and 16 weeks were significantly associated with weight
loss >4kg at 16 weeks in the liraglutide group, with an OR = 0.71 (95% ClI: 0.56 to 0.89;
P=0.003) and OR=0.68 (95% CI: 0.53 to 0.87; P=0.0019), respectively. Other variables were
not associated with clinically relevant weight loss and are summarized in Table 3.

Multivariable Logistic Regression Analysis

The final multivariable model using baseline variables to predict weight loss >4kg at 16
weeks included liraglutide treatment and total calories consumed during an ad /ibitum buffet
meal at baseline (which was negatively associated with degree of weight loss). This model
had an AUROC=0.87 (95% CI: 0.81 to 0.92).

The multivariable model that considered all data collected at 5 and 16 weeks to identify
weight loss of >4 kg at 16 weeks among all study subjects revealed two factors that
were significant in the final parsimonious model: GETy,, at 5 weeks (OR=2.5; 95% ClI:
1.57 to 3.99) for 50 minutes of change and kcal intake during ad /ibitum meal at 16
weeks (OR=0.721; 95% CI: 0.602 to 0.864) for 100kcal of change. The AUROC for this
multivariable model was 0.832 (Figure 1).

When limiting the analysis to the liraglutide group only, the ROC curve evaluating weight
loss of >4kg at 16 week showed an AUROC of 0.814 when including baseline and week 5
GETj,, and kcal intake during ad /ibitum meal at 16 weeks (Figure 2). When applying the
parsimonious model the only individual parameter associated with weight loss >4 kg was
kcal intake during ad labium meal at 16 weeks, with an AUROC=0.757.

DISCUSSION

This analysis showed that, among patients with obesity attempting weight loss with either
liraglutide or placebo treatment, a delay in gastric emptying at 5 weeks predicted weight

loss >4kg at 16 weeks, as evident on univariate analysis and in the parsimonious model. The
total calories consumed at baseline during an ad /ibitum buffet meal and maximum tolerated
calories consumed during nutrient drink test were both significant negative predictors of
weight loss of >4kg at 16 weeks. This suggests that obese patients with higher kcal intake at
baseline were less likely to lose >4kg when assigned to treatment with liraglutide or placebo.

When considering only the patients treated with liraglutide, the two factors associated with
weight loss >4kg at 16 weeks were weight loss >1kg in the first 5 weeks (AUROC=0.96)
and reduction in kcal intake during ad /ibitum meal at 16 weeks (AUROC=0.76). Among
these parameters, the observations at 5 weeks could be regarded as predictors of weight loss
>4kg, whereas kcal intake at the 16-week ad libitum meal is an associated factor.

Diabetes Obes Metab. Author manuscript; available in PMC 2024 February 01.
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When considering both placebo- and liraglutide-treated patients, the AUROC curve for the
parsimonious model that incorporated both GET;, at 5 weeks and kcal intake during ad
libitum meal at 16 weeks was 0.832 compared to 0.77 for GET1, at 5 weeks on univariate
analysis. Therefore, retardation of GETy, at 5 weeks remains a relevant predictor of weight
loss at 16 weeks among all study participants even without consideration of the kcal ingested
at ad libitum meal at 16 weeks. On the other hand, the reduced energy intake at ad /ibitum
meal at 16 weeks may reflect the effects of liraglutide on appetite and would likely not serve
pragmatic and prognostic utility.

The parsimonious model using backward selection for the liraglutide group identified only
one significant variable associated with weight loss of >4kg at 16 weeks, which was the

kcal intake at ad /ibitum meal at 16 weeks, and this confirms a prior reports.2> However,
greater delay of GETq; at baseline and 5 weeks trended towards greater weight loss at week
16, but this failed to meet statistical significance. Our study suggests that further research

is necessary to characterize the associations of liraglutide treatment of obesity with central
mechanisms in addition to satiation mediated peripherally by satiation-associated hormones
or gastric functions. Future studies evaluating the mechanisms of GLP-1 receptor agonists
may benefit from exploring the potential role of central appetite suppression by concomitant
measurement of subjective appetite, such as with visual analog scales, as this may explain
that only total energy intake at ad /ibitum meal, rather than GET4,, was associated with
clinically meaningful weight loss. Although most subjects that achieved weight loss >4kg
were in the liraglutide arm, the assessment of predictive value confined to the liraglutide
group and dichotomizing continuous variables (>4kg or not) reduced statistical power to
identify predictors of weight loss in the liraglutide group alone.33 We noted that the odds
ratio of clinically meaningful weight loss among the liraglutide arm was 1.6 (95% CI: 0.91
to 2.83; P=0.1029) when comparing participants with a 50-minute difference in GET,

at 5 weeks; our findings were likely underpowered to demonstrate this association at the
significance level of p<0.05. Otherwise, demographic parameters such as sex, baseline BMI,
baseline serum glucose, and age were of no predictive utility, suggesting they may not need
to be considered when initiating GLP-1 agents.

In an earlier study, gastric emptying was not significantly associated with weight loss

in patients on liraglutide.25 In fact, other studies have suggested that liraglutide was not
associated with delayed gastric emptying.14:34:35 However, gastric emptying in those studies
was measured using a suboptimal methodology that utilizes acetaminophen absorption,
which is an indirect way of assessing liquid emptying rather than solid emptying.3®

One of the strengths of our current studies is the use of gastric emptying scintigraphy based
on a 320kcal egg meal, given the different rates of emptying between liquids and solids.3”
Other strengths of our studies include a much larger sample size of 121 patients analyzed
compared to 61 patients25, and the longer treatment span of 16 weeks compared to 6 weeks
in the most recent study that tried to identify a short-term biomarker for the effectiveness of
liraglutide.2

The main limitation of this study is that it is a post hoc analysis of prospectively acquired
data. Thus, although the gastric emptying prolongation at 5 weeks did not reach statistical
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significance in the liraglutide treatment group alone (P=0.1029), it is worth noting that this
observation may have been impacted by the relatively small sample size of 60 patients and
that, in this cohort, there were few patients with significantly accelerated gastric emptying at
baseline. Interestingly, when analyzing the entire study sample, several predictors of weight
loss >4kg emerged that were not also present in the liraglutide arm alone, such as slower
GET1/2 at week 5 and greater change in GET1/2 between baseline and week 5. The post
hoc nature of the study, relatively small sample treated with liraglutide, and the lack of
consistent predictors of weight loss >4kg when analyzing the liraglutide arm alone require
cautious interpretation. It argues for further studies to identify early predictors of long-term
weight management success with liraglutide and other anti-obesity medications targeting
GLP-1 receptors as well as GIP and glucagon receptors that could also affect gastric motor
functions in addition to their effects on appetite. Furthermore, we did not assess the role of
central appetite suppression which may have helped to elucidate the impact this may play
on energy intake or successful weight loss. Other limitations include the lack of frequent
assessment of caloric intake using ad /ibitum meal or nutrient drink tests at points other

than the beginning and end of the study, the absence of direct measurements of central (e,g.,
hypothalamic) functions, lack of measurements of serum liraglutide concentrations to assess
pharmacokinetic predictors, not correcting for multiple comparisons, and a predominantly
female sample which may limit generalizability.

However, we are encouraged by the facts that this study reports the largest sample size
with the most reliable method of measuring gastric emptying and it provided the finding
that gastric emptying prolongation at 5 weeks of treatment is a significant predictor of
greater than 4kg weight loss at the end of the 16 weeks of treatment with liraglutide.

It will be important to emphasize standardized evaluations of physiological effects of anti-
obesity medications, including more recent agents such as tirzepatide, to better understand
the mechanisms and predictors of weight loss. Multiple reasons have been elucidated in
other studies on why there is interindividual variability in response to liraglutide treatment
including serum levels of liraglutide and genetic factors. In our study, the drug levels were
not assessed, and the genetic factors did not appear to predict successful weight loss.

We conclude that our study has important clinical implications, specifically that weight loss
of >1kg at 5 weeks and gastric emptying (GETq,) retardation at 5 weeks can serve as useful
and valid predictors of weight loss >4kg over 16 weeks. This information may facilitate
assessment of the benefit-to-cost ratio of this relatively expensive treatment that requires
daily subcutaneous injection. Further research is needed to more precisely understand the
likely multifactorial mechanisms of liraglutide of producing weight loss, including gastric
emptying, satiation, satiety, and energy expenditure.
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Figurel.

ROC curve evaluating variables included in the parsimonious model that are associated with
weight loss >4 kilograms at 16 weeks in all patients. Area under the curve=0.832
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Figure2.
ROC curve evaluating weight loss of > 4kg at 16 weeks in the liraglutide group only using

baseline GES Ty, week 5 GES Ty, and meal total kcal at 16 weeks. Area under the
curve=0.814. GES Ty: gastric emptying of solids time to half emptying.
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Demographics and baseline measurements of gastrointestinal functions in two treatment groups. Adapted from

Maselli, Atieh et al.20

Data show median and IQR Placebo, n=69 Liraglutide, n=67
Age, y 37.2(29.3, 45.2) 42 (32, 51)

Sex (% female) 85.5% 88.1%

Race, % white 94.2% 89.6%

BMI, kg/m?

35.6(33.1,39.7)

35.9 (326, 40.2)

Baseline weight, kg

100.0 (92.4, 114.9)

103.1 (89.1, 111.9)

Baseline Gastric emptying Ty, min

108.0 (93.1, 128.6)

117.2 (97.5, 140.0)

Baseline gastric fasting volume, mL

200.8 (179.3, 231.2)

200.4 (179.3, 231.2)

Baseline gastric postprandial vol., mL

587.0 (525.4, 678.0)

593.5 (489.3, 648.6)

Baseline gastric accommodation vol, mL

378.5 (322.5, 455.9)

377.1(322.6, 445.3)

Baseline satiation volume to fullness (VTF), mL

756 (535.5, 945.0)

693 (567.0, 871.0)

Baseline satiation maximum tolerated (MTV), mL

1244.3 (995.4, 1493.1)

1244.3 (995.4, 1244.3)

Baseline VAS aggregate score

206.0 (151.5, 256.5)

204.0 (156.0. 253.0)

Baseline ad libitum meal total calories

878.6 (708.2, 1151.1)

829.5 (665.7, 1088.5)

Weight at 5 weeks (kg)

101.4 (90.5 to 114.2)

100.4 (87.0 to 108.6)

Weight at 16 weeks (kg) 99.0 (90.8 to 114.6) 97.9 (85.9 to 108.3)

A Weight at 5 weeks vs. baseline 0.1(1.5t01.4) 3.8(4.8t02.5)

A Weight at 16 weeks vs. baseline 0.0(3.1t02.1) 5.8 (8.3t03.9)

Baseline ad libitum meal total calories 878.6 (708.2t0 1,151.1) | 829.5 (665.7 to 1,088.5)
Ad libitum meal total calories at 16 weeks 793.7 (624.6 t0 1,019.3) | 647.5 (472.4 t0 826.4)

A Ad libitum meal total calories at 16 weeks vs. baseline

129.2 (197.6 t0 23.2)

184.8 (322.3 0 69.4)
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Odds ratios (OR) and 95% confidence intervals from univariate analysis for factors measured at baseline,
week 5, and week 16 of the study to achieve weight loss of more than 4 kilograms at 16 weeks, based on all
121 patients (liraglutide and placebo groups). The C-statistic is equal to the area under the receiver operating

characteristics curve (AUROC).

95% CI
Oddsratio | Lower | Upper | P-value | c-statistic
Baseline Variables
Liraglutide 12.9 5.35 31.1 <0.0001 0.78
rs6923761 genotype (AG/AA vs. GG) 1.37 0.66 2.82 0.3967 0.54
rs7903146 genotype (CT/TT vs. CC) 1.02 0.50 211 0.9509 0.50
Buffet meal total calories—100 kcal 0.78 0.69 0.90 0.0003 0.70
Nutrient drink test maximum calories—100 kcal 0.88 0.79 0.98 0.0251 0.62
Fasting PYY—10 pg/mL 1.01 0.92 1.11 0.8320 0.50
Mean post prandial PY'Y—10 pg/mL 1.00 0.92 1.09 0.9867 0.50
. . 10 minutes 111 0.96 1.28
Gastric emptying Ty, 0.1438 0.57
50 minutes 171 0.83 3.49
Week 5variables
. . 10 minutes 1.23 1.13 1.35
Gastric emptying Ty, <0.0001 0.77
50 minutes 2.87 1.86 4.43
Change from basdlineto week 5
Weight loss—1 kg body weight 4.45 2.55 7.78 <0.0001 0.96
. . 10 minutes 1.27 1.15 141
Gastric emptying Ty, <0.0001 0.78
50 minutes 3.25 2.01 5.54
Week 16 variables
Fasting PYY—10 pg/mL 0.99 0.87 1.13 0.8875 0.51
Mean post prandial PY'Y—10 pg/mL 1.08 0.98 1.19 0.1280 0.57
. . 10 minutes 1.23 111 1.37
Gastric emptying Ty, 0.0001 0.72
50 minutes 2.86 1.66 491
Buffet meal total calories—100 kcal 0.70 0.58 0.83 <0.0001 0.76
Nutrient drink test maximum calories—100 kcal increase 0.76 0.66 0.88 0.0001 0.73
Change from baseline to week 16
. . 10 minutes 121 1.08 1.36
Gastric emptying Ty, 0.0009 0.70
50 minutes 2.63 1.49 4.64
Buffet meal total calories—2100 kcal increase 0.89 0.73 1.08 0.2485 0.56
Nutrient drink test maximum calories—100 kcal increase 0.88 0.78 1.00 0.0434 0.61
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Odds ratios (OR) and 95% confidence intervals from univariate analysis for factors measured at baseline, week
5, and week 16 of the study to achieve weight loss of more than 4 kilograms at 16 weeks, based on 60 patients
in the liraglutide arm alone. The C-statistic is equal to the area under the receiver operating characteristics

curve (AUROC).

95% CI
Oddsratio | Lower | Upper | P-value | c-statistic
Baseline Variable
rs6923761 genotype (AG/AA vs. GG) 0.98 0.32 3.02 0.9689 0.50
rs7903146 genotype (CT/TT vs. CC) 0.97 0.31 3.05 0.9604 0.50
Buffet meal total calories—100 kcal 0.71 0.56 0.89 0.0030 0.77
Nutrient drink test maximum calories—100 kcal 0.88 0.74 1.04 0.1339 0.60
. . 10 minutes 1.08 0.85 137
Gastric emptying Ty, 0.5249 0.56
50 minutes 1.47 0.45 4.8
Week 5 variable
. . 10 minutes 11 0.98 1.23
Gastric emptying Ty, 0.1029 0.63
50 minutes 1.6 0.91 2.83
Change from baselineto week 5
Weight loss—1 kg body weight 4.34 1.94 9.71 0.0004 0.92
10 minutes 111 0.98 1.27
Gastric emptying T1/2 0.1072 0.64
50 minutes 171 0.89 3.28
Week 16 variables
. . 10 minutes 1.09 0.95 1.26
Gastric emptying Ty, 0.1944 0.64
50 minutes 1.57 0.78 3.12
Buffet meal total calories—2100 kcal 0.68 0.53 0.87 0.0019 0.76
Nutrient drink test maximum calories—100 kcal 0.88 0.74 1.04 0.1339 0.60
Change from baseline to week 16
10 minutes 1.07 0.94 1.23
Gastric emptying T1/2 0.3189 0.61
50 minutes 1.41 0.72 2.80
Buffet meal total calories—100 kcal increase 0.97 0.72 1.29 0.8157 0.48
Nutrient drink test maximum calories—100 kcal increase 0.97 0.82 1.15 0.7682 0.55
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