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 27 

Abstract:  28 

Aims: To assess the effect of the GLP1-analogue liraglutide on measures of cardiac function and 29 

physical performance in patients with type 2 diabetes. 30 

Methods: Design: Phase IV, randomized, double-blind, placebo-controlled, parallel-group, clinical trial. 31 

Setting: Single center, tertiary hospital. Patients: Type 2 diabetes with an HbA1c of 7-10% on oral agents 32 

and/or intermediate/long-acting insulin. Intervention: Liraglutide 1.8mg/d vs placebo for 6 months 33 

(computer-generated randomization sequence, ratio 1:1). Main outcome measures: The primary end-34 

point was the maximal oxygen consumption (VO2 max) during a cycle ergometry. Other procedures 35 

included a 6-min walk test, echocardiography, anthropometry and blood tests. Safety end-points were 36 

monitored. Intention to treat analysis was performed. 37 

Results: Twenty four patients (15 women), aged 52 (11.7) years, with 8.7 (5.8) years' diabetes duration, 38 

BMI 34.98 (6.2) Kg/m2 and HbA1c 8.2 (0.68)% were randomised to liraglutide (12) or placebo. There were 39 

no differences in VO2máx  (17.98 (4.8) vs 15.90 (4.96) ml/Kg/min, p>0.1), in the VE/VCO2 slope (30.18 40 

(4.8) vs 32 (4.49)), left ventricular ejection fraction, or in the 6 min walk test (530.7 (86) vs 503.9 (84) 41 

metres) at 6 months. HbA1c was lower (6.7 vs 7.7% p=0.005) and there was a trend towards lower 42 

maximal systolic blood pressure during the ergometry (171.7 (24.4) vs 192.5 (25.6), p=0.052) in the 43 

liraglutide group at the end of the study. There were no severe adverse events.  44 

Conclusions: In this trial, liraglutide improved glycaemic control in type 2 diabetes, but did not have 45 

significant effects on physical performance or myocardial function.  46 

 47 

Keywords: Randomized controlled trial. Ergometry. Maximal oxygen consumption. Ventricular function. 48 

Diabetes. GLP1-agonist. 49 

 50 

Abbreviations: GLP1: Glucagon-like peptide 1. LIPER2: Effect of LIraglutide on physical PERformance 51 

in type 2 diabetes. ITT: Intention-to-treat. PP: Per-protocol. VO2max: Maximal Oxygen consumption. 52 

SBP: Systolic blood pressure. DBP: Diastolic blood pressure. RER: Respiratory exchange ratio. 53 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 3 

VE/VO2máx: ventilatory equivalent for oxygen (at the time of maximal oxygen consumption). 54 

VE/VCO2AT: ventilatory equivalent for carbon dioxide (at the time of anaerobic threshold). 55 

 	56 

 57 

UTN: U1111-1128-8762.  58 

Registered at:  59 

https://www.clinicaltrialsregister.eu/ctr-search/search?query=eudract_number:2012-005197-63 

Sponsor and PI: Ana Mª Wägner 60 

Funding and drug supplies: Novo Nordisk A/S, Denmark. 61 

 62 

External monitoring: Mayte Gutiérrez-Lázaro and David Valido-Sanromán. CRAnarias, SL. Las Palmas 63 

de Gran Canaria, Spain. 64 

 65 

1. Introduction 66 

Glucagon-like peptide 1 (GLP1) analogues are approved for the treatment of type 2 diabetes and obesity, 67 

based on their glucose and weight-lowering effects. Known cardiovascular effects include reduced blood 68 

pressure [1-3] and increased pulse rate. [2-4] Recently, large clinical trials have been performed to 69 

assess their effect on cardiovascular events. [5-7] Globally, GLP1-analogues seem to be neutral or 70 

protective on the cardiovascular system in patients with type 2 diabetes.  71 

Fewer studies are available specifically assessing their effect on physical performance and measures of 72 

myocardial function. At the time of the design of this study, trials in humans were scarce and their results 73 

controversial. Two small, randomised, controlled trials showed positive effects of acute GLP1 infusion in 74 

patients with ischaemic heart disease, [8, 9] but a larger trial did not show an effect on left ventricular 75 

ejection fraction or infarct size with the intravenous administration of the GLP1 analogue exenatide. [10]  76 

To our knowledge, no trial has previously assessed the effect of a GLP1 analogue on physical 77 

performance. 78 
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The aim of this trial was to assess the effect of liraglutide, a GLP1 agonist, on clinically relevant measures 79 

of physical performance and myocardial function in patients with type 2 diabetes. 80 

 81 

2. Subjects and Methods 82 

A. Trial design and oversight 83 

LIPER2 is a single-center, randomised, double-blind, placebo-controlled, parallel group, phase IV trial, 84 

assessing the effect of liraglutide on physical performance and myocardial function. LIPER2's design has 85 

been published [11] and registered (https://www.clinicaltrialsregister.eu/ctr-86 

search/search?query=eudract_number:2012-005197-63). Participants with type 2 diabetes were 87 

randomised in a 1:1 ratio, to receive 1.8 mg liraglutide (Victoza (R), Novo Nordisk) or placebo daily for 6 88 

months. 89 

The study was approved by the Ethics Committee of the Complejo Hospitalario Universitario Insular 90 

Materno Infantil and by the Spanish Medical Agency. Before inclusion, patients received oral and written 91 

information and a written, informed consent document was signed by each participant. Data accuracy and 92 

compliance with the protocol, with Good Clinical Practice International Guidelines and with national 93 

regulations was assessed by external, qualified staff from CRAnarias SL, Las Palmas de Gran Canaria, 94 

Spain.  95 

 96 

The LIPER2 trial was approved and funded by Novo Nordisk, Bagsvaerd, Denmark. The investigators 97 

designed and conducted the study, performed all study analyses and have written and are responsible for 98 

the contents of this manuscript. 99 

The manufacturer had no role in the collection, analysis, interpretation, writing, or publication of the data. 100 

The principal investigator has full access to all the data and the final responsibility for the decision to 101 

submit for publication.  102 
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B. Patients 103 

Patients were identified and invited to participate in the outpatient clinics at the Endocrinology Department 104 

and at the primary care centres to which the hospital is the referral centre. Inclusion and exclusion criteria 105 

have been described before [11]. Briefly, we included patients with type 2 diabetes, treated with oral 106 

agents (including metformin if tolerated and not contraindicated), a maximum of 2 intermediate or long 107 

acting insulin injections per day or a combination of both and an HbA1c between 7% and 10%. The main 108 

exclusion criteria were severe renal, cardiac or hepatic failure, existing or planned pregnancy or 109 

breastfeeding or inadequate contraception and intolerance, allergy or contraindication to the treatment 110 

with liraglutide (e.g: history of pancreatitis). Participants were also excluded if they were treated with 111 

GLP1 agonists or dipeptidyl-peptidase 4 (DPP4) inhibitors in the 3 months before screening (to avoid 112 

potential overlap in the mechanism of action), if they had exercise-induced myocardial ischaemia, 113 

planned revascularisations or were not able to perform a cycle ergometry. 114 

C. Procedures 115 

Patients were assessed at a screening visit, after signing written, informed consent. If they fulfilled all of 116 

the inclusion criteria and none of the exclusion criteria, a baseline visit was be performed within one 117 

month of the screening visit and participants were randomized. Patients started the assigned intervention 118 

and were then assessed again at 3 months (safety assessment) and 6 months after treatment initiation. 119 

Additional telephone contact was used to evaluate tolerance and the need for concomitant treatment 120 

adjustment within the two weeks following study treatment initiation.  121 

In patients with an HbA1c >8% at the 3-month visit, insulin could be started or adjusted if deemed 122 

appropriate. Concomitant oral agents could be reduced in case of hypoglycemia. 123 

D. Outcomes 124 

Primary end-point 125 

The primary end-point was fitness, or physical performance, defined as the maximal oxygen consumption 126 

(VO2max; Breeze Suite 6.4, Medgraphics, Medical Graphics Corporation, Saint Paul, MN, USA) during a 127 
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cycle ergometer test (Ergoselect, Ergoline, Bitz, Germany) performed at the end of the study. An 128 

incremental protocol was used, where the first 3 minutes were performed without resistance and the latter 129 

was then increased by 10-20 watt/minute (adjusted according to weight, height, age and ethnicity). The 130 

total duration of the test rarely exceeded 10-12 minutes. Before the test was started, the procedure was 131 

described in detail and participants signed written informed consent.	 Ergometry and VO2 máx 132 

measurement were performed according to international guidelines, at the Rehabilitation and Physical 133 

Medicine Department, at baseline and at the end of the study, as previously described. [11] Maximal 134 

exertion ergometry  (HR > 85% theorical maximum and RER > 1.10) was attempted and participants 135 

were encouraged to perform as well as they could. 136 

	137 

Secondary end-points 138 

Secondary endpoints included additional, fitness-related variables, recorded during the ergometry, a 6-139 

minute walk test and transthoracic echocardiograpy. [11] VE/VCO2 slope, a marker of ventilatory 140 

efficiency, was added to the initial list of secondary end-points, following recent guidelines. [12] This was 141 

possible for 10 participants at baseline and 11 at follow-up. Glycaemic control was assessed using 142 

HbA1c, measured by HPLC, using a NGSP/DCCT-based standard, and examining the patients' glucose 143 

registers, as well as questioning them about hypoglycaemic episodes, daily insulin dose and other 144 

concomitant medication. All laboratory measurements were performed in the hospital's Biochemistry 145 

Department. Quality of life was assessed (Spain (Spanish) v.2 © 2009. EQ-5D-5L, EuroQoL Foundation, 146 

Rotterdam, The Netherlands) and spontaneous physical activity was recorded using a physical activity 147 

Holter (SenseWear Pro, BodyMedia, Pittsburgh, PA, USA) for three days. The most complete (usually the 148 

second) day was assessed. 149 

The primary and secondary endpoints were assessed at baseline and at the end of the study (6 months), 150 

except for those related to glucose control, which were evaluated at the 3 months visit, too. 151 

Safety end-points 152 

The safety end-points included standardized adverse event (AE) reporting, blood count, liver and kidney 153 

function, electrolytes, lipase, amylase, CA19.9 and calcitonin. A general physical examination was 154 
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performed at baseline and at the end of the study. A pregnancy test was performed on all women with 155 

childbearing potential before randomisation and during follow-up.  In addition, at the end of the study, an 156 

endoscopic ultrasound was offered to the patients, in order to assess pancreatic architecture. A separate, 157 

standard consent form was provided and signed before the examination. 158 

E. Analysis 159 

After completion of the study and final external monitoring, the treatment assignment list was opened by a 160 

person, external to the study, and the two treatment groups were separated for blind analysis by study 161 

investigators. Analyses were performed on an intention-to-treat (ITT) and per-protocol (PP) basis, as 162 

described earlier in the statistical plan [11] For the ITT analysis, all randomised subjects were included, 163 

regardless of whether they finished the study or not and whether they took the medication throughout the 164 

study or not; when a variable was missing at follow-up, the last available observation was carried forward. 165 

For the PP analysis, only the results of the patients who took their treatment and completed the study 166 

were analysed. No adjustment was made for missing variables in this case. 167 

Comparison between the intervention and placebo groups were performed using chi-squared (qualitative 168 

data), Student's T test (quantitative, Gaussian distribution) and Mann-Whitney's U (quantitative, non-169 

Gaussian). Paired analysis was also performed to compare beginning and end of treatment in each group 170 

(Student's t and Wilcoxon's test). A bilateral p<0.05 was considered significant. 171 

Sample size 172 

Sample size calculation has been described in the statistical protocol [11]. Briefly, we estimated that 173 

including 15 patients per group would allow us to detect a difference between groups of 5ml/Kg*min in 174 

VO2max with 98% power and bilateral alfa of 5%. This is in the lower range of the effect that has been 175 

reported in older men participating in training programmes. [13] Even if an unexpectedly high drop-out 176 

rate of 25% would happen, the power to detect this difference between groups would still be of 90%.  177 
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3. Results 178 

The trial was performed between June 2013 and August 2016. Recruitment was slower than expected, 179 

especially due to the frequent use of DPP4-inhibitors (listed as an exclusion criteria) in our population with 180 

type 2 diabetes. The study was prolonged as long as the expiry date of a second study treatment lot 181 

allowed. A total of 35 participants were screened, 24 were randomized (we initially aimed at 30) and 23 182 

completed the study (see figure 1).   183 

Of the 11 patients excluded after screening, 3 withdrew consent, 4 were excluded because of an 184 

HbA1c>10% at the baseline visit, 2 due to an HbA1c<7%, 1 because of a diagnosis of pancreatitis 185 

according to the review of his clinical records and 1 because she could not perform the baseline 186 

cycloergometry due to knee osteoarthritis. Of the 24 randomised patients, 1 stopped taking the study drug 187 

(placebo) a few weeks into the study because of fear of pancreatic cancer, 1 interrupted the treatment 188 

(liraglutide) 12 weeks into the study due to persistent side effects despite dose reduction and 1 was lost 189 

to follow-up after the baseline visit (placebo group) due to travel.  190 

One patient received statin treatment at the baseline visit and her lipid profile and apolipoprotein B 191 

concentration in the 6-month visit were discarded and replaced by her baseline values. One patient had 192 

CRP values above 5, which were attributed to acute infection/inflammation and omitted for analysis. One 193 

patient (with a known diagnosis of proliferative retinopathy) could not perform the final ergometry due to 194 

active vitreal bleeding. Thus, the missing ergometry results were replaced by the baseline values in the 195 

ITT analysis. 196 

 197 

A. Baseline features 198 

Of the 24 randomised participants, 15 (62.5%) were women, their mean (SD) age was 52.8 (11.7) years, 199 

time since diagnosis of diabetes was 8.7 (5.8) (0-20) years, BMI 34.98 (6.2) Kg/m2, waist girth 112.1 200 

(11.6) cm and HbA1c 8.2 (0.68) (range 7.2-9.6)%. All were treated with metformin: 6 with sulphonylureas, 201 

5 with insulin, 3 with both and 2 with insulin and repaglinide. No differences were found between 202 

treatment groups in sex distribution, age or diabetes duration. These and other baseline features are 203 

displayed in table 1. 204 
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 205 

B. Primary end-point 206 

No significant differences were found between treatment groups in maximal oxygen consumption at the 207 

end of the study (see table 2) 208 

C. Secondary end-points 209 

Other ergometry-related variables 210 

Of the secondary endpoints obtained from the cycloergometry, there were no stastistically significant 211 

differences at baseline or at the end of the study (see table 2). Maximal systolic blood pressure tended to 212 

be lower after treatment with liraglutide.  213 

The increment in VO2máx was calculated by substracting the initial value from that obtained at the end of 214 

the study and compared between treatment groups. An increment of 0.167 (1.80) vs 1.008 (1.92) 215 

ml/Kg/min was seen in the placebo and liraglutide groups, respectively (p=0.20) 216 

  217 

Six-minute walk test: 218 

No significant differences were seen between groups at baseline or follow-up in any of the O2 saturation 219 

measurements (resting, final, minimum)[data not shown], heart rate (resting, 6min, average), meters 220 

walked (see table 2), blood pressure response to walk test or perceived exertion (Borg-scale)[data not 221 

shown]. The increment in meters walked was also calculated and compared between the treatment 222 

groups and no significant differences were found [22.2 (37.0) in the placebo vs 25.9 (34.1)m in the 223 

liraglutide group (p=0.80)]. 224 

 225 

Activity Holter (accelerometer) 226 

No significant diferences were found at baseline or at the end of the study regarding estimated total 227 

calorie expenditure, number of steps, active time, sleep duration or METs/24h (data not shown). 228 

 229 
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Transthoracic echocardiography  230 

Participants had an overall, normal left ventricular ejection fraction at entry [0.63 (0.06)]. A total of 33, 17 231 

and 21% of the participants showed mild, moderate and severe ventricular hypertrophy, respectively. 232 

Regarding diastolic function, 62.5% showed grade 1 and 16.6% grade 2 dysfunction, whereas 20.8% 233 

displayed normal diastolic function. [14] No significant differences were found between treatment groups 234 

in left ventricular ejection fraction, ventricular mass or measures of diastolic function at baseline or at the 235 

end of the treatment period (see table 3). Paired analysis showed no differences between baseline and 6-236 

month values for any of the variables in any of the treatment groups, either. Furthermore, no significant 237 

treatment effects were identified, either, assessed by the comparison of the changes in each variable, 238 

between groups (supplementary table 1).  239 

Glycaemic control and other variables   240 

Fasting glucose and HbA1c were significantly lower in the liraglutide group both at 3 and 6 months, 241 

although paired analysis showed that HbA1c improved significantly in both treatment groups (see table 242 

4). 243 

Three patients started new insulin treatment due to persistent hyperglycaemia (two in the placebo group 244 

and 1 in the liraglutide group) and in one additional patient (in the placebo group), insulin dose was 245 

increased. In 6 patients (1 in the placebo group and 5 in the liraglutide group), insulin/sulphonylurea dose 246 

was reduced during the study. No significant differences were found between groups in the average 247 

insulin dose at baseline or at the end of the study.  248 

Anthropometric and other lab results are shown in table 5. There were some differences between 249 

treatment groups in HDL and LDL cholesterol, triglyceride and C-reactive protein already at baseline. 250 

However, paired analysis showed no significant differences for triglycerides, C-reactive protein or HDL 251 

cholesterol between baseline and the end of the study for any of the treatments.  252 

 253 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 11 

Quality of life  254 

No significant differences were found at baseline [76.3 (17.9) vs 74.3 (14.7) points] or at the end of the 255 

study [85.3 (13.5) vs 76.7 (16.8) points] between the placebo and the liraglutide group in the global score 256 

of the Visual Analog Scale of EQ-5D-5L, EuroQoL or for any of the subscales (data not shown). Paired 257 

analysis did not show significant changes in any of the groups, either. 258 

 259 

D. Per protocol analysis 260 

The maximal total N was reduced to 21 (20 in the ergometry, due to active vitreal haemorrhage in one of 261 

the participants). Analyses were repeated and no significantly different conclusions could be drawn, 262 

except that VO2max tended to be higher (p=0.084) and VE/VCO2AT was significantly lower at the end of 263 

the study in the liraglutide treatment group (p=0.048). 264 

 265 

E. Safety 266 

No serious adverse events were reported or identified during the study. Side effects are recorded in 267 

supplementary table 2. All of the patients in the liraglutide group reported some form of gastrointestinal 268 

symptom, although in 50% (6 patients) they were mild and most were self-limited. In one patient in the 269 

liraglutide group, treatment was interrupted due to side effects (gastrointestinal symptoms and 270 

hypertransaminasaemia) and in another patient, the study drug dose was reduced to 1.2mg/d (diarrhoea). 271 

Nausea was the most common symptom, followed by abdominal pain, diarrhoea and vomitting. Three 272 

patients (25%) in the liraglutide group reported upper respiratory tract infections or flu and one reported 273 

headaches. 274 

 275 

In the placebo group, 3 (25%) patients reported gastrointestinal symptoms, although no patient 276 

interrupted treatment due to side-effects. Two patients reported upper respiratory tract infection or flu and 277 

two reported headaches. A total of 7 patients in the placebo group reported some form of adverse event 278 

during the study. 279 
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 280 

At 3 months' treatment with liraglutide, lipase was higher (p=0.039) and amylase tended to be higher 281 

(p=0.063) and at the end of the study, both amylase (p=0.012) and lipase (p<0.005) were significantly 282 

higher than in the placebo group (see table 4). No episodes of acute pancreatitis were diagnosed during 283 

the study. No differences were seen at baseline or follow-up in CA19.9 or liver enzymes. There were no 284 

significant increases in calcitonin in any of the treatment groups. 285 

Echoendoscopy was only performed on 5 patients at the end of the study (4 in the placebo group and 1 in 286 

the treatment group). Two were normal (one in each group) and the other 3 showed indeterminate 287 

(previously unknown), chronic pancreatitis. 288 

4. Discussion 289 

The LIPER2 is a double-blind, placebo-controlled clinical trial assessing the effect of 6 months' treatment 290 

with liraglutide, on measures of physical performance and ventricular function in patients with type 2 291 

diabetes who had a baseline HbA1c between 7 and 10%. The main outcome, i.e VO2 max at the end of 292 

the study, did not differ significantly between the treatment groups. The increment in VO2 max during the 293 

study, did not differ between groups, either. 294 

 295 

Several trials assessing ventricular function have been published since the beginning of LIPER2, most 296 

using echocardiography (reviewed in [15]).  However, to our knowledge, this is the first study assessing 297 

the effect of a GLP1 analogue on VO2max, the gold standard to assess cardiovascular fitness. Additional 298 

strengths of this study include its nature (placebo-controlled, randomised trial), good patient retention, the 299 

fact that no simultaneous DPP4 inhibitors were used and the extent of the study procedures, combining 300 

ergometry, echocardiography, 6-minute walk test, activity Holter, health-related quality of life and many 301 

clinical and laboratory tests. 302 

Apart from the expected improvement in glycaemic control, a non-significant, 1 ml/Kg.min increase in 303 

VO2max was found in the liraglutide group. Furthermore, the number of steps walked during the 6 minute 304 

test increased significantly only in the liraglutide group, although the increase did not differ between the 305 

groups. 306 
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Several causes could explain this non-significant difference in the primary outcome. [16] First of all, a 307 

truely neutral effect of liraglutide on physical performance is plausible. However, sample size is certainly 308 

an issue, since it was defined to detect a larger (5 ml/Kg.min), maybe somewhat optimistic, change in 309 

VO2max. Indeed, to detect a 1-ml/Kg.min difference (SD 4.8) in VO2max, with a power of 80% and 310 

bilateral alpha of 0.05, a sample size of 726 and a multi-centre trial would have been necessary. It is 311 

reasonable to assume that there could be some minor, undetected effect (type 2 error), as pointed out by 312 

other outcomes. The treatment regimen and dosing are probably adequate, since it has previously proved 313 

a reduction in cardiovascular events and mortality in the LEADER study. [5] However, the 6-month 314 

duration might not be enough to have an effect on physical performance. A randomized trial assessing 315 

diastolic ventricular function and VO2 max in young people with type 2 diabetes treated with liraglutide or 316 

sitagliptin should soon reports its outcomes and add to existing knowledge. [17] 317 

In patients with pre-existing, chronic heart failure, liraglutide has shown no positive effects on ventricular 318 

function. [18,19] The FIGHT trial (Functional Impact of GLP-1 for Heart Failure Treatment) assessed the 319 

effect of liraglutide (vs placebo) on clinical stability in 300 patients with pre-existing chronic heart failure 320 

and recent hospital admission. [19] No significant benefits were proved on death, new admissions due to 321 

heart failure, a 6 minute walk test, left ventricular ejection fraction or markers of myocardial function. 322 

Indeed, in the 178 patients with type 2 diabetes included in the trial, there was an almost significant trend 323 

suggesting harm [HR 1.51 (1.00-2.29), p=0.05 for the combination of death, admission to hospital due to 324 

heart failure or visit to the emergency department]. The LIVE trial assessed the effects of liraglutide (vs 325 

placebo) in 241 patients (30% with diabetes) with LVEF<=45% and stable chronic heart failure. Left 326 

ventricular systolic function was not affected by treatment, but serious cardiac events were more frequent 327 

in the intervention group. [18] 328 

As an adjunct to exercise in patients with type 2 diabetes, liraglutide seemed to blunt some of the positive 329 

effects of the former on left ventricular diastolic function, [20] in agreement with some of the findings in 330 

the LIVE study. [18] A smaller, open, randomized trial, assigning patients with heart failure and ischaemic 331 

heart disease to liraglutide, sitagliptin or glargine, showed an improvement in left ventricular ejection 332 

fraction, 6 minute walk test and other markers of ventricular function only in the liraglutide group. [21] 333 

However, no direct comparisons were made between the treatment groups.  334 

 335 
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We are aware that this trial has some limitations, the main one being small sample size. With the 336 

inclusion of DPP4-inhibitors in the regular treatment of people with type 2 diabetes, recruitment was made 337 

more difficult, given the fact that this was an exclusion criterium, and was prolonged more than initially 338 

planned. VO2 max, our primary end-point, is very dependent on age, sex and body weight. Nevertheless, 339 

we calculated VO2 max per Kg-body weight and age and sex distribution were similar in both treatment 340 

groups. Furthermore, percentage of theoretical VO2max achieved was also considered, but did not differ 341 

between groups, either. We also used the 6 minute walk test to assess physical performance, which is 342 

very useful in patients with functional class II-III, but has a lower predictive value in NYHA class I.  343 

Despite this, a significant increase in this measure was found in the liraglutide group.  344 

 345 

5. Conclusion  346 

This small, randomized, placebo-controlled trial did not show a significant effect of liraglutide on VO2max 347 

or other measures of physical performance or myocardial function 348 

 349 

6. Appendix 350 

See supplementary tables 351 
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Table 1: B
aseline features of the 24 random

ized participants 
437 

 
P

lacebo 
Liraglutide 

A
ge (years) 

52.6 (13.8) 
53.2 (9.7) 

S
ex (N

 of w
om

en) 
8 

7 

D
iabetes duration (years) 

7.42 (4.1) 
10.0 (7.2) 

R
etinopathy (N

) 
1 

2 

C
oronary artery disease (N

) 
0 

2 

Transient ischaem
ic attack (N

) 
0 

1 

D
iabetes treatm

ent (N
) 

M
etform

in 

S
ulphonylurea 

R
epaglinide 

Insulin 

 12 

5 2 7 

 12 

5 0 3 

H
ypertension (N

) 
7 

8 

D
yslipidem

ia (N
) 

5 
6 

C
urrent sm

oking (N
) 

2 
3 

O
ther treatm

ents 

A
spirin 

R
enin-angiotensin axis inhibitor 

S
tatin 

 7 8 6 

 7 10 

7 

438 
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438 

Table 2: E
rgom

etry and 6-m
in w

alk test results at baseline and at the end of the study in the participants treated w
ith placebo and liraglutide 

439 

 
B

aseline 
p (vs placebo) 

End of study 
p (vs placebo) 

p (vs baseline) 

E
rgom

etry 
 

 
 

 
 

VO
2 m

ax (m
l/K

g/m
in) 

              P
lacebo 

              Liraglutide 

 15.88 (4.91) 

16.96 (4.32) 

  0.41 

 15.90 (4.96) 

17.98 (4.8) 

  0.31 

 0.93 

0.095 

Percentage of theoretical VO
2m

ax  

              P
lacebo 

              Liraglutide 

 76.7 (11.7) 

80.9 (12.9) 

  0.42 

 78.2 (11.3) 

83.3 (17.7) 

  0.43 

 0.66 

0.51 

D
uration of cycloergom

etry (sec) 

              P
lacebo 

              Liraglutide 

 691 (180) 

728 (206) 

  0.64 

 702 (178) 

739 (214) 

  0.71 

 0.63 

0.44 

VO
2A

T (m
l/K

g/m
in) 

              P
lacebo 

              Liraglutide 

 9.8 (3.1) 

10.0 (2.2) 

  0.41 

 9.6 (3.2) 

10.0 (2.1) 

  0.61 

 0.29 

0.97 

M
axim

al heart rate (bpm
) 

              P
lacebo 

              Liraglutide 

 140.6 (20.5) 

139.3 (23.5) 

  0.89 

 145.2 (17.5) 

141.9 (22.2) 

  1.00 

 0.25 

0.59 

M
axim

al heart rate (%
m

ax) 
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              P
lacebo 

              Liraglutide 

83.8 (8.3) 

83.3 (11.5) 

 0.92 

86.8 (7.4) 

85.4 (14.5) 

 0.77 

0.22 

0.47 

R
esting Systolic B

lood Pressure (m
m

 H
g) 

              P
lacebo 

              Liraglutide 

 135.8 (20.8) 

130.7 (10.1) 

  0.54 

 127.1 (12.6) 

125.5 (17.4) 

  0.80 

 0.12 

0.34 

R
esting D

iastolic B
lood Pressure (m

m
 H

g) 

              P
lacebo 

              Liraglutide 

 80.0 (12.0) 

78.2 (8.7) 

  0.69 

 77.5 (12.2) 

74.1 (8.3) 

  0.69 

 0.53 

0.20 

M
axim

al Systolic B
lood Pressure (m

m
 H

g) 

             P
lacebo 

             Liraglutide 

 187.5 (32.2) 

179.6 (27.3) 

  0.52 

 192.5 (25.6) 

171.7 (24.4) 

  0.045 

 0.87 

0.18 

M
axim

al D
iastolic B

lood Pressure (m
m

 H
g) 

             P
lacebo 

             Liraglutide 

 86.7 (12.5) 

89.6 (13.7) 

  0.59 

 87.9 (12.0) 

82.1 (10.5) 

  0.22 

 0.86 

0.046 

M
axim

al load (w
att) 

             P
lacebo 

             Liraglutide 

 101.3 (50.5) 

109.2 (47.3) 

  0.84 

 105.0 (52.7) 

108.2 (51.1) 

  0.74 

 0.17 

0.30 

R
ER

 m
ax 

             P
lacebo 

             Liraglutide 

 1.22 (0.13) 

1.21 (0.13) 

  0.88 

 1.23 (0.13) 

1.30 (0.12) 

  0.17 

 0.77 

0.054 
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VE/VO
2m

ax 

             P
lacebo 

             Liraglutide 

 36.9 (5.3) 

37.0 (5.4) 

  0.97 

 39.8 (8.2) 

40.0 (7.9) 

  0.96 

 0.14 

0.27 

VE/VC
O

2 slope 

             P
lacebo 

             Liraglutide 

 29.9 (8.2) 

29.8 (3.3) 

  0.35 

 32.0 (4.5) 

30.2 (4.8) 

  0.36 

 0.31 

0.81 

VE/VC
O

2A
T 

             P
lacebo 

             Liraglutide 

 30.9 (4.7) 

31.3 (3.5) 

  0.53 

 32.1 (4.3) 

29.7 (2.4) 

  0.13 

 0.09 

0.14 

H
eart rate recovery 1st m

inute (bpm
) 

             P
lacebo 

             Liraglutide 

 20.8 (10.2) 

21.0 (9.5) 

  0.95 

 22.8 (8.5) 

24.4 (10.2) 

  0.69 

 0.31 

0.21 

6 m
inute w

alk test 
 

 
 

 
 

D
istance w

alked (m
) 

             P
lacebo 

             Liraglutide 

 481.8 (92) 

504.8 (88) 

  0.54 

 503.9 (84) 

530.7 (86) 

  0.45 

 0.06 

0.023 

R
esting heart rate (bpm

) 

             P
lacebo 

             Liraglutide 

 87.4 (16.5) 

78.6 (13.8) 

  0.17 

 86.6 (16.2) 

81.6 (13.4) 

  0.42 

 0.82 

0.20 

6 m
in heart rate (bpm

) 
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             P
lacebo 

             Liraglutide 

117.1 (18.8) 

116.9 (19.5) 

 0.18 

122.8 (19.7) 

121.1 (29.4) 

 0.87 

0.23 

0.39 

V
O

2 m
ax: m

axim
al oxygen consum

ption. S
B

P
: S

ystolic blood pressure. D
B

P
: D

iastolic blood pressure. R
E

R
: R

espiratory exchange ratio. 
440 

V
E

/V
O

2m
áx: ventilatory equivalent for oxygen (at the tim

e of m
axim

al oxygen consum
ption). V

E
/V

C
O

2A
T: ventilatory equivalent for carbon dioxide 

441 

(at the tim
e of anaerobic threshold). 

442 

443 
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443 

 
444 

Table 3: E
chocardiographic findings at baseline and after 6 m

onths' treatm
ent 

445 

 
B

aseline 
p (vs placebo) 

End of study 
p (vs placebo) 

p (vs baseline) 

Left Ventricular Ejection Fraction 

              P
lacebo 

              Liraglutide 

  0.64 (0.05) 

0.62 (0.07) 

   0.30 

  0.66 (0.04) 

0.63 (0.06) 

   0.26 

  0.32 

0.46 

Left ventricular m
ass (g) 

              P
lacebo 

              Liraglutide 

 202 (63) 

225 (68) 

  0.27 

 195 (56) 

221 (80) 

  0.35 

 0.40 

0.33 

Telediastolic ventricular diam
eter (m

m
) 

              P
lacebo 

              Liraglutide 

  46.7 (7.8) 

46.9 (6.4) 

   0.94 

  49.1 (6.9) 

46.0 (6.0) 

   0.26 

  0.14 

0.58 

E-w
ave deacceleration tim

e (m
s) 

             P
lacebo 

             Liraglutide 

 227 (39) 

205 (34) 

  0.15 

 207 (55) 

194 (37) 

  0.51 

 0.26 

0.27 

E/A
 

             P
lacebo 

 0.87 (0.28) 

  

 0.94 (0.28) 

  

 0.18 
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             Liraglutide 
0.94 (0.21) 

0.27 
0.90 (0.25) 

0.66 
0.48 

A
verage E/e´  

             P
lacebo 

             Liraglutide 

 9.7 (2.6) 

8.8 (2.3) 

  0.49 

 10.6 (3.9) 

10.0 (4.1) 

  0.75 

 0.58 

0.19 

Left A
trium

 diam
eter (m

m
) 

             P
lacebo 

             Liraglutide 

 39.4 (3.8) 

41.8 (5.8) 

  0.26 

 40.7 (5.8) 

40.4 (4.6) 

  0.93 

 0.33 

0.24 
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446 

Table 4: G
lycaem

ic control and other safety variables 
447 

 
B

aseline 
p (vs 

placebo) 

12 w
eeks 

p (vs 

placebo) 

End of study 
p (vs 

placebo) 

p (vs baseline) 

Fasting glucose (m
g/dl) 

             P
lacebo 

             Liraglutide 

 189.9 (57.5) 

162.8 (26.4) 

  0.15 

 181.2 (35.1) 

131.2 (36.9) 

  0.001 

 158.2 (27.0) 

124.7 (22.0) 

  0.003 

 0.083 

0.008 

H
bA

1c (%
) 

             P
lacebo 

             Liraglutide 

 8.4 (0.79) 

8.0 (0.46) 

  0.09 

 8.2 (0.89) 

6.5 (0.73) 

  <0.005 

 7.7 (0.75) 

6.7 (0.69) 

  0.002 

 0.012 

<0.005 

Insulin dose (IU
/d) 

             P
lacebo 

             Liraglutide 

 16.4 (25.7) 

36.8 (86.0) 

  0.98 

  

 
 19.4 (25.5) 

33.8 (84.9) 

  0.76 

 0.11 

0.47 

Insulin dose (IU
/K

g.d) 

             P
lacebo 

             Liraglutide 

 0.18 (0.28) 

0.33 (0.70) 

  0.93 

 
 

 0.21 (0.28) 

0.31 (0.68) 

  0.67 

 0.063 

0.5 

Patients w
ith 

hypoglycaem
ia (N

) 

             P
lacebo 

             Liraglutide 

   

 
  4 3 

   0.67 

  3 3 

   1.0 
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C
 Peptide (ng/m

l) 

             P
lacebo 

             Liraglutide 

 2.71 (0.91) 

2.90 (1.00) 

  0.65 

 
 

 2.68 (1.02) 

2.90 (2.25) 

  0.77 

 0.79 

0.99 

A
m

ylase (U
/L) 

             P
lacebo 

             Liraglutide 

 57.4 (30.6) 

72.1 (33.0) 

  0.03 

 58.5 (22.6) 

82.8 (34.3) 

  0.03 

 55.5 (20.1) 

86.7 (34.0) 

  0.001 

 0.21 

0.005 

 

Lipase (U
/L) 

             P
lacebo 

             Liraglutide 

 36.7 (36.3) 

42.6 (20.0) 

  0.14 

 36.7 (22.6) 

63.1 (32.6) 

  0.01 

 24.0 (9.4) 

58.9 (25.6) 

  0.001 

 0.086 

0.03 

 

To convert glucose to S
I units (m

m
ol/l), divide by 18; to convert C

 P
eptide to nm

ol/l, m
ultiply by 0.333 

448 

 
449 
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450 

Table 5: A
nthropom

etry and other lab results 
451 

 
B

aseline 
p (vs placebo) 

End of study 
p (vs placebo) 

p (vs baseline) 

W
eight (K

g) 

             P
lacebo 

             Liraglutide 

 97.3 (14.8) 

93.2 (21.0) 

  0.59 

 95.8 (14.8) 

88.3 (20.1) 

  0.31 

 0.029 

0.001 

B
M

I (K
g/m

2) 

             P
lacebo 

             Liraglutide 

 35.89 (5.96) 

34.07 (6.56) 

  0.49 

 35.31 (5.68) 

32.25 (6.10) 

  0.078 

 0.033 

0.001 

W
aist girth (cm

) 

             P
lacebo 

             Liraglutide 

 114.2 (10.4) 

110.1 (12.7) 

  0.40 

 112.5 (10.1) 

107.4 (14.1) 

  0.32 

 0.19 

0.006 

Total cholesterol (m
g/dl) 

             P
lacebo 

             Liraglutide 

 196.6 (41.8) 

167.7 (27.4) 

  0.068 

 187.8 (35.9) 

173.8 (50.9) 

  0.44 

 0.16 

0.93 

LD
L cholesterol (m

g/dl) 

             P
lacebo 

             Liraglutide 

 114.8 (28.7) 

91.7 (29.3) 

  0.059 

 114.1 (29.0) 

101.6 (47.5) 

  0.45 

 0.95 

0.60 

H
D

L cholesterol (m
g/dl) 

             P
lacebo 

 50.8 (5.9) 

  

 49.5 (7.1) 

  

 0.25 
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             Liraglutide 
38.2 (7.5) 

<0.005 
40.9 (8.6) 

0.014 
0.10 

Triglycerides (m
g/dl) 

             P
lacebo 

             Liraglutide 

 156.3 (130.6) 

188.3 (55.0) 

  0.052 

 121.2 (75.6) 

184.3 (100.9) 

  0.028 

 0.083 

0.70 

A
polipoprotein B

 (m
g/dl) 

             P
lacebo 

             Liraglutide 

 105.0 (25.1) 

95.3 (15.2) 

  0.27 

 96.5 (23.3) 

91.8 (26.5) 

  0.49 

 0.12 

0.54 

C
-reactive Protein (m

g/dl) 

             P
lacebo 

             Liraglutide 

 0.66 (0.30) 

0.37 (0.24)* 

  0.036 

 0.64 (0.30) 

0.31 (0.29)* 

  0.017 

 0.57 

0.99 

N
T-Pro-B

N
P (pg/m

l) 

             P
lacebo 

             Liraglutide 

 38.3 (31.8) 

53.7 (43.8) 

  0.34 

 41.3 (37.9) 

43.3 (52.7) 

  0.77 

 0.68 

0.48 

To convert cholesterol into m
m

ol/l, m
ultiply by 0.0256; to convert triglyceride into m

m
ol/l, m

ultiply by 0.0113; to convert apolipoprotein B
 to g/l, 

452 

m
ultiply by 0.01; to convert C

-reactive P
rotein to nm

ol/l, m
ultiply by 95.24; to convert N

T-P
ro-B

N
P

 to pm
ol/l, m

ultiply by 0.1182. 
453 
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454 

Figure 1: P
articipant flow

chart. 
455 
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(n= 1) 

Allocated to placebo (n=12) 
♦	Received allocated intervention (n= 12)	
	

Analysed in ITT (n= 12 ) 
Analysed in PP (n=10) 
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Su
p
p
lem

en
tary	tab

le	1
:	Com

pared	treatm
ent	effects	on	echocardiografic	outcom

es	

Echocardiogram
	

B
aselin

e	
En
d
	

D
ifferen

ce	
D
elta	

P
	

Left	ven
tricu

lar	ejection
	fraction

	

P
laceb

o	

Liraglu
tid
e	

	0,64	(0,04)	

0,61	(0,07)	

	0,65	(0,04)	

0,63	(0,06)	

	0.02	(-0.02,	0.05)	

0.02	(-0.03,	0.06)	

	0.0005	

(-0.05,	0.55)	

0.985	

Left	ven
tricu

lar	m
ass	(g)	

P
laceb

o	

Liraglu
tid
e	

	202	(63)	

224	(68)	

	195	(56)	

221	(80)	

	-7.5	(-27.4,	12.4)	

-3.3	(-31.2,	24.6)	

	-4.16	

(-36.67,	28.34)	

0.792	

Left	
ven

tricle	
teled

iastolic	

d
iam

eter	(m
m
)	

P
laceb

o	

Liraglu
tid
e	

	46,7	(7,8)	

46,9	(6,4)	

	49,05	(6,9)	

45,97	(6,0)	

	2.37	(-0.94,	5.69)	

-0.94	(-4.62,	2.74)	

	3.32	

(-1.35,	7.98)	

0.155	

Supplem
entaryTables



E-w
ave	d

eacceleration
	tim

e	(m
s)	

	P
laceb

o	

Liraglu
tid
e	

	227	(38)	

205	(34)	

	207	(55)	

194	(37)	

	-20.7	(-59.1,	17.6)	

-11.4	(-33.2,	10.3)	

	-9.33	

(-51.56,	32.90)	

0.647	

E/A
	

P
laceb

o	

Liraglu
tid
e	

	0,87	(0,28)	

0,94	(0,21)	

	0,94	(0,28)	

0,90	(0,25)	

	0.08	(-0.06,	0.22)	

-0.04	(-0.17,	0.08)	

	0.12	

(-0.06,	0.29)	

0.183	

A
verage	E/e'	

P
laceb

o	

Liraglu
tid
e	

	9,6	(2,6)	

8,8	(2,3)	

	10,6	(3,9)	

10,0	(4,1)	

	0.53	(-1.61,	2.67)	

1.2	(-0.69,	3.10)	

	-0.67	

(-3.35,	2.00)	

0.382	

Left	atriu
m
	d
iam

eter		(m
m
)	

P
laceb

o	

Liraglu
tid
e	

	39,4	(3,8)	

41,7	(6,1)	

	40,7	(5,8)	

40,4	(4,6)	

	1.34	(-1.66,	4.33)	

-1.33	(-3.71,	1.05)	

2.67	

(-0.89,	6.23)	
0.134	

		



Su
p
p
lem

en
tary	tab

le	2
:	Side	effects	during	the	treatm

ent	period	

	
Placebo	(12)	

Liraglutide	(12)	

G
astrointestinal	sym

ptom
s	

			N
ausea/vom

itting	

			D
iarrhoea	

			Constipation	

			H
eartburn/reflux	

			A
bdom

inal	discom
fort/pain	

3	2	1	1		1	

12	

6	1	1	2	6	

H
eadaches	

2	
1	

Infections	

			U
pper	respiratory	tract/flu	

			Plantar	w
art	

			U
rinary	tract	infection	

3	2	1		

4	3		1	

N
eurologic	sym

ptom
s	

	
	



			Paresthesia	

			T
rem

or	

			A
cute	urinary	retention	

			D
ry	m

outh	

1	1	

		1	1	

O
ther	

Flushing	

A
trial	fibrillation	

A
sthaenia/w

eakness	

A
bnorm

al	liver	tests	

	
	1	1	1	1	

		



  

Data Statement
Click here to download Data Statement: dataprofile.xml.pdf


