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Abstract

Background: We aimed to evaluate the short-term metabolic effects of a
GLP-1a, (liraglutide) versus a DPP-4i, (vildagliptin) in a group of sub-Saharan
type 2 diabetes patients. Methods: We conducted a randomized controlled sin-
gle blinded clinical trial in 14 uncontrolled type 2 diabetes patients (HbAlc >
53 mmol/mol) with mean duration of diabetes of 8 [1 - 12] years and median
age of 57 [49 - 61] years. Baseline treatment consisted of metformin in mo-
notherapy or metformin plus sulfonylureas. Participants were randomly allo-
cated to 2 groups of add-on 1.2 mg/day subcutaneous liraglutide in group 1
or 100 mg/day of oral vildagliptin in group 2 for 2 weeks. In all participants,
insulin secretion in response to mixed meal tolerance test, insulin sensitivity
by 80 mU/m?*/min hyperinsulinemic-euglycemic clamp, body composition,
and lipid profile were measured before and after intervention. Results: At the
end of intervention, insulin sensitivity remained unchanged both with lirag-
lutide from 6.6 [4.2 - 7.9] to 6.9 [4.3 - 10.8] mg/kg/min; p = 0.61 and vildag-
liptin from 7.1 [5.3 - 9.0] to 6.5 [5.6 - 9.4] mg/kg/min (p = 0.86). The area
under the C-peptide curve varied from 5.5 [1.0 - 10.9] to 14.9 [10.8 - 17.2]
nmol/L/120min, p = 0.09 in group 1 and from 1.1 [0.5 - 14.1] to 13.0 [9.6 -
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16.9] nmol/L/120min (p = 0.17) in group 2. LDL Cholesterol levels decreased
significantly with liraglutide from 0.85 g/L [0.51 - 1.02] to 0.54 g/L [0.50 -
0.73] (p = 0.04) but not with Vildagliptin. Body weight tended to decrease in
group 1 (—0.6 kg) versus modest increase in group 2 (+1.1 kg). Conclusion:
Short-term metabolic effects of Liraglutide and Vildagliptin add-on therapy
are comparable in sub-Saharan type 2 diabetes patients with a more favorable
trend for Liraglutide on body weight, lipid profile, and insulin secretion.

Keywords

Insulin Sensitivity, Insulin Secretion, Liraglutide, Vildagliptin,
Incretinomimetics

1. Introduction

Type 2 diabetes is a major public health threat with complex pathophysiology.
The pharmacological management of type 2 diabetes has undergone recent
changes that parallel the unravelling of its etiology [1]. Because of decrease of the
incretin effect in type 2 diabetes [2], two classes of incretinomimetics were de-
veloped including exogenous Glucagon-Like Peptide analogs (GLP1la) such as
Liraglutide, and the inhibitors of Dipeptidyl peptidase IV (DPP4i) that prolong
the half-life of endogenous GLP1 such as Vildagliptin [3]. These two drugs are
effective in terms of blood glucose control associated with a reduction of 0.8 to
1%, and both improve insulin sensitivity and secretion [4] [5] [6]. However, the
time-to-appearance of the metabolic benefits of these two classes is not known.
Also, it remains unclear which of the two strategies—GLP1 analogs or prolong-
ing half-life of endogenous GLP1—have a better effect on insulin sensitivity and
insulin secretion in people living with type 2 diabetes. Head-to-head studies
comparing both treatment strategies on insulin secretion and sensitivity are
scarce. Hence our aim was to assess the short-term effects of Liraglutide ver-
sus Vildagliptin on insulin sensitivity, insulin secretion, lipid profile, anthro-
pometry and resting energy expenditure (REE) in an understudied popula-

tion.

2. Methods

2.1. Research Participants

We carried out a single-blinded randomised controlled clinical trial at the En-
docrinology and Metabolic disease unit of the Yaoundé Central Hospital of Ca-
meroon for 7 months (October 2015 to May 2016). 14 uncontrolled type 2 di-
abetes patients on one or two oral anti-diabetic drugs, naive of any incretino-
mimetic treatment were enrolled (HbAlc = 7% or 53 mmol/mol) and randomly
allocated to two groups. Patients with a previous history of pancreatitis, hepatic
cytolysis or estimated glomerular filtration rate: eGFR < 30 ml/min/1.73m’

(Modified Diet Renal Disease equation) were excluded, as well as patients with
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acute complications of diabetes, anaemia pregnant and breastfeeding women.
The study was powered to detect a 20% change in insulin sensitivity using the

following formula [7]: N = (2/d") x Cp where N = Sample size per group; d =

Standardised difference = target difference/standard deviation; Cp = Power

which is a constant. The calculated sample size was 9 subjects per group.

2.2. Randomization, Allocation and Intervention

Participants were randomized and allocated to 2 groups using the software ran-
dom allocation 2.0. Due to the different presentations of the 2 drugs to be used,
oral and injectable, the study was blinded only to the investigator but not the pa-
tient. In group 1, subcutaneous liraglutide (Victoza™) was administered at 0.6
mg/day for 1 week and increased to 1.2 mg the second week. In group 2, oral
vildagliptin (Galvus®) was administered at 50 mg bid for two weeks. The
study treatment was given as add-on therapy with no change in baseline

treatment.

2.3. Outcomes

The primary outcome was the variation of insulin sensitivity from baseline, after
2 weeks of treatment. The secondary outcomes included the variation of insulin
secretion, plasma glucose, body composition and parameters of the lipid profile

after treatment.

2.4. Procedure

Data were collected using a pre-designed questionnaire. Clinical and anthropo-
metric data, body composition analysis and metabolic explorations and indirect
calorimetry were performed before intervention and repeated the day following
the end of intervention period. Insulin sensitivity was assessed using a 2-hour
euglycemic hyperinsulinemic clamp at 80 mU/m*/min of insulin infusion rate.
Resting energy expenditure (REE) was measured using indirect calorimetry. A
mixed meal tolerance test with the assessment of plasma glucose and C-peptide
at 0, 30, 90 and 120 minutes for the evaluation of insulin secretion. All side ef-
fects were also recorded.

Body composition analysis: This was evaluated using bio-electrical imped-
ance. It consisted of using an impedancemeter TANITA BC 418 MA (TANITA®,
TANITA Corporation 1-14-2 Maeno-cho, Itabashi-ku, Tokyo-Japan). This non-
invasive test involves the placement of two electrodes under the person’s feet and
two electrodes in their hands. A low level, imperceptible electrical current is sent
through the body. This device measures how this signal is impeded through dif-
ferent types of tissue. The weight is recorded automatically. The output variables
include the percent body fat, fat mass, fat-free mass and bone mass with a coeffi-
cient of variation being between 3% and 4%.

Indirect calorimetry: The Korr® Reevue indirect calorimetry (Korr Medical
Technologies, Inc. Salt Lake City, UT USA 84120) was performed after at least

3-hour fast. Participants were required not to smoke, drink alcoholic beverages
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or exercise 24 hours prior to the exploration. They were installed supine and
resting for 20 minutes. The calibrated calorimeter then recorded their breathing
over 10 minutes and resting energy expenditure adjusted for total mass was ob-
tained.

Euglycemic-hyperinsulinemic clamp: After an overnight fast, participants
were admitted into the Clinical Research Facility of the Endocrine Unit of
Yaoundé Central Hospital. Participants were required not to exercise one week
prior to procedure.

Rapid insulin (Actrapid® HM Novo Nordisk A/S, DK-2880 Bagsvaerd, Den-
mark) concentrated at 100 mU/mL installed in a syringe pump (ALARIS®
MEDICAL SYSTEMS UK Ltd., Basingstoke, RG22 4BS, UK) and 10% dextrose
solution were infused via the right antecubital vein. Blood was sampled through
the left antecubital vein. A priming dose of insulin was given over the first 10
minutes followed by a constant infusion rate of 80 mU/m?*/min up to the 120"

1™ minute at vari-

minutes. The 10% dextrose solution was infused as from the 1
able rates modifiable every 5 minutes using an infusion pump (IVAC Corpora-
tion-Model 598, San Diego, California) with the aim of maintaining capillary
blood glucose levels at 5.5 + 0.5 mmol/L. Capillary blood glucose measurements
were done with a glucometer and strips (ONE TOUCH" Ultra” 2, LifeScan Eu-
rope Division of Cilag GmbH International 6300 Zug, Switzerland). Blood sam-
ples were collected at baseline, and at the 100", 110" and 120" min. Insulin sensi-
tivity was estimated using the M-value (mg/min/kg) which represents the glucose
disposal rate during insulin infusion. It was calculated as the space of glucose
correction (SC) subtracted by the rate of glucose infusion, and adjusted to lean
body mass. During the last 20 minutes of the hyperinsulinemic-euglycemic clamp,
glycaemia was not always constant therefore, SC was adjusted for glycaemic le-
vels and variations of glucose infusion rate. This was calculate using the differ-
ence of glucose levels from the beginning and to the end of the steady state pe-
riod multiplied by 0.095.

Mixed meal tolerance test and insulin secretion measurement

This test was performed after an overnight fast the day before intervention
and the day after the last dose of study treatment. The meal test consisted of a
skimmed milk preparation containing 51 g of carbohydrates, 35 g of proteins
and 0.8 g of fats to which we added 20 g of rice powder and 21 g of oil to obtain a
total of 580 kcal and comparable nutrient composition as Boost. Blood samples
were collected before, 30 minutes, 90 minutes, and 120 minutes after the inges-
tion of the meal for plasma glucose and C-peptide determination. Plasma glu-
cose was measured using the glucose oxidase method. C-peptide was measured
using the sandwich ELISA method with the ultrasensitive Mercodia test (Merco-
dia AB, Sylveniusgatan 8A, SE-754 50 Uppsala, Sweden). Hs-CRp was measured
using the latex-enhanced immunoturbidimetric assay. Insulin secretion was es-
timated as Area Under the Curve (AUC) of glycemia and C-peptide using the
Tai formula ( AUC =1/2Z:=Xl. —l(yi —1+yl.)) [8].
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2.5. Statistical Analysis

Data were entered, encoded and analysed using IBM SPSS for Windows, version
21.0 for Windows (IBM Corp. Released 2011. IBM SPSS Statistics for Windows,
version 23.0. Armonk, NY: IBM Corp.). Data are expressed as medians [inter-
quartile range] for quantitative data and percentage for qualitative data. Com-
parisons were performed using non-parametric tests namely the Mann-Whitney
test for difference between the two groups and Wilcoxon test for difference

within the same group. Significant threshold was set at p = 0.05.

2.6. Ethical Considerations

The study protocol was approved by the institutional Ethical committee for Re-
search of the Faculty of Medicine and Biomedical Sciences of Yaoundé I Univer-
sity. The study was performed in accordance with the Declaration of Helsinki.
All eligible participants provided a signed informed consent. The study was reg-
istered at ClinicalTrial.gov (ClinicalTrial.gov identifier: NCT02832999).

3. Results

As shown in Figure 1, we obtained a total of 14 patients randomized into 2
groups of 7. The first group on liraglutide and the second group on vildagliptin.
The median [interquartile range, IQR] age of the study participants was 57 [41 -
61] years with a median diabetes duration of 8 [1 - 12] years. The median HbA1lc
was 76 [67 - 97] mmol/mol and the median weight was 85.1 [71.0 - 94.9] Kg.
Baseline characteristics were similar in both groups as shown in Table 1.

There was little difference on clinical parameters after intervention between
the two groups, however, body weight decreased by —0.6 kg in the liraglutide
group while it increased by +1.1 kg in the vildagliptin group (p = 0.11). Resting
energy expenditure (REE) significantly decreased in the liraglutide group but not
in the vildagliptin group (p-value = 0.02 vs 0.50) (Table 2).

Fasting blood glucose significantly dropped in both groups after intervention
with a similar trend (Table 3), while the LDL Cholesterol level decreased in the
liraglutide group (—37%) but not in the vildagliptin group. Conversely, Hs-CRp
decreased in the vildagliptin group only (Table 3). Insulin sensitivity remained
unchanged in both groups (Table 4). Concerning insulin secretion, the area un-
der the curve of C-peptide (AUC) increased more in the liraglutide group than
in the vildagliptin group, showing a non-significant trend towards improvement
(Table 4). There was no significant change in the M-value (Table 4).

The most reported side effects were gastro intestinal (Table 5). All side effects

were mild and subsided within the first week of intervention.

4. Discussion

This study aimed to compare the metabolic effects after 2 weeks of therapy by
replacing endogenous GLP-1 by a GLP-1 analog (Liraglutide) on one side,
and/or extending endogenous GLP-1 half-life using DPP4i (Vildagliptin). Both
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Figure 1. Flow diagram of patients.

Table 1. General characteristics of the study population.

Analysed (n=7)
Excluded from analysis (give reasons) (n=0)

Characteristics Study population Liraglutide Vildagliptin P

Age M [IQR] 57 [49 - 61.5] 57 [41 - 61] 51 [49 - 63] 0.74

Sex n (%) 0.56
Male 4 3 (42.9) 1(14.3)
Female 10 4(57.1) 6 (85.7)

Duration of diabetes 0.26
<10 ans 9 6 (85.7) 3 (42.9)
>10 ans 5 1(14.3) 4(57.1)

Family history of diabetes 1.00
Yes 9 5(71.4) 4(57.1)
No 5 2 (28.6) 3 (42.9)

Initial treatment 1.00
Biguanides 9 5(71.4) 4(57.1)
Biguanides and sulfonylureas 5 2 (28.6) 3 (42.9)
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Table 2. Changes in clinical characteristics before and after the intervention.

Liraglutide Vildagliptin P between
Characteristics P within P within group
Before After Before After
group group
SBP sitting (mmHg) 131 [121-139] 124 [114-127]  0.50 131[120 - 143]  120[115-131]  0.08 0.74
DBP sitting (mmHg) 77 [71 - 90] 77 [65 - 85] 0.67 81 [72 - 83] 70 [69 - 78] 0.07 0.60
SBP upright (mmHg) 130 [120 - 145] 118 [113-123]  0.04 134 [118 - 146] 120 [105-139]  0.03 0.94
DBP upright (mmHg) 88 [78 - 98] 80 [72 - 88] 0.12 80 [76 - 89] 79 [71 - 80] 0.31 0.24
HR (bpm) 78 [72 - 90] 89 [77 - 97] 0.13 91 [80 - 96] 85 [70 - 90] 0.08 0.40
Weight (kg) 91.7 [81.6 - 100] 91.1[79.8-97.1] 0.07  77.5[66.1 -92.4] 78.6 [58.7 - 92.0] 0.87 0.11
BMI (kg/m?) 29.6 [28.5 - 35.8] 28.9[27.5-35.6] 0.06  30.3[23.1-32.7] 30.7[22.2-32.9] 0.87 0.56
WC (cm) 103 [94-109]  102[90-108]  0.49 95 [81 - 98] 93 [77 - 98] 0.08 0.06
HC (cm) 110[103 - 115]  110[101 - 113] 0.34 111 [95 - 119] 105 [94 - 123] 0.92 0.44

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; WC: Waist circumference; HC: Hip circumference.

P between
Liraglutide Vildagliptin v
-~ groups
Characteristics P withi P withi
ithin ithin
Before After v Before After v
group group
Waist-to-hip ratio  0.96 [0.81 - 0.97]  0.93 [0.79 - 0.98] 020  0.87[0.83-0.89] 0.82[0.81-0.89]  0.07 0.10
Fat mass (kg) 257 [24.3-38.2] 25.1[23.2- 38.7] 012  29.9[17.4-44.0] 259[16.5-43.8]  0.31 0.65
Lean mass (kg)  59.6 [53.4 - 66.7] 58.6 [52.3 - 69.8] 0.61 483 [41.0-53.3] 48.1[42.2-54.0] 0.61 0.03
Total body fat
33.3[29.5-41.7]  30.0 [26.6 - 42.3] 0.67 36.9[26.4-47.6] 37.3[265-47.7] 0.73 0.56
percentage (%)
REE (Kcal/day) 1699 [1426 - 1771] 1454 [1377 - 1590]  0.02 1382 [154 - 1771] 1598 [1138 - 1714]  0.50 0.94
REE: resting energy expenditure.
Table 3. Biological characteristics of the study population before and after the intervention.
P between
Liraglutide Vildagliptin etwee
L groups
Characteristics P withi P withi
within within
Before After Before After
group group
Fasting blood glucose
13.6[11.0-17.2] 69[6.2-7.8] 0.018 157[11.4-17.6] 8.8[6.6-13.1] 0.04 0.11
(mmol/L)
Creatininemia (mg/L) 11.6 [9.3-12.0] 10.0 [9.3-11.0] 0.046 10 [9.1 - 11.0] 10 [7.3 - 11.0] 0.71 0.78
ALAT (UI) 12 [8 - 15] 159 - 21] 0.46 17 [13 - 37] 17 [13 - 22] 1.00 0.44
Hs-CRp (mg/L) 33[2.1-165] 3.0[0.6-122]  0.13 43 (3.7 - 4.8] 1.0[1.0-4.1]  0.04 0.48
Total Cholesterol (g/L) 1.49 [1.15- 1.64] 1.18 [1.08-1.42] 0.09  1.44[1.19-1.66] 1.38[1.10-1.41] 0.31 0.79
HDL-C (g/L) 0.40 [0.35 - 0.46] 0.46 [0.44 - 0.48] 0.07  0.44[0.43 - 0.52] 0.46 [0.42 - 0.48]  0.40 0.74
LDL-C (g/L) 0.85[0.51 - 1.02] 0.54[0.50 - 0.73] 0.04  0.84[0.52-0.96] 0.60 [0.37 - 0.80] 0.23 0.84
TG (g/L) 1.13 [0.77 - 1.34] 0.73 [0.66-1.26] 0.31  0.83[0.63-1.26] 1.20[1.06-1.23] 0.13 0.14

Hs-CRp; highly sensitive C reactive protein, HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein choles-
terol, TG: triglycerides.
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Table 4. Change in insulin secretion, insulin sensitivity, glycaemia before and after treatment.

P between
Liraglutide Vildagliptin erwee
groups
Characteristics P within P
w.
Before After Before After within
group
group
Baseline C peptide
0.03 [0.02-0.10]  0.11 [0.09 - 0.17] 0.23 0.00 [0.00 - 0.13]  0.02 [0.00 - 0.17]  0.86 0.18
(nmol/L)
AUC glycaemia
745.8 [617.5 - 935.8]640.0 [541.6 - 746.6]  0.12  705.0 [525 - 1165] 720 [588.3 - 818.3] 0.49 0.48
(nmol/L/120mn)
AUC C peptide
55[1.0-10.9]  14.9[10.8 - 17.2] 0.09 12[05-14.1] 13.0[9.6-169] 0.17 0.56
(nmol/L/120mn)
HOMA-IR  0.01 [0.01-0.08]  0.03 [0.01 - 0.06] 0.61  0.00[0.00-0.06] 0.00[0.00-0.05] 0.86 0.27
M-value
, 6.6 [4.2 - 7.9] 6.9 [4.3 - 10.8] 0.39 7.2 5.3 -9.0] 65[5.6-94] 0.6l 0.84
(mg/kg/min)
M adjusted for
lean mass 100 [7.0-13.5] 110 [7.5- 14.9] 0.39 10.5[8.4-149] 10.8[9.9-13.1] 0.74 0.84
(Mg/kg/min)

AUC: Area Under the Curve; HOMA-IR: Homeostasis model assessment-Insulin Resistance.

Table 5. Reported side effects.

Sides effects L1r12g(1;)t)1 de Vll(:\z;g(loztme p
Nausea

Yes 2 (28.6) 3 (42.9) 1.00
No 5(71.4) 4(57.1)

Vomiting
Yes 1(14.3) 1(14.3) 1.00
No 6 (85.7) 6 (85.7)

Abdominal pain

Yes 2 (28.6) 2 (28.6) 1.00
No 5(71.4) 5(71.4)

Headache
Yes 0 (0) 3 (42.9) 0.19
No 7 (100) 4(57.1)

Vertigo
Yes 3 (42.9) 3 (42.9) 1.00
No 4 (57.1) 4 (57.1)

Asthenia
Yes 3 (42.9) 1(14.3) 0.56
No 4 (57.1) 6 (85.7)

Anorexia
Yes 2 (28.6) 0 (0) 0.46
No 5(71.4) 7 (100)
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classes used as add-on therapy exhibit similar short term metabolic effects in sub
Saharan uncontrolled type 2 diabetes patients within the observation period. Li-
raglutide was more effective on LDL-C and body weight, while vildagliptin has a
better effect on reducing inflammation (Hs-CRp). Both strategies tended to im-
prove insulin secretion, but no change in insulin sensitivity was observed after 2
weeks of treatment.

Several studies have shown an improvement of insulin sensitivity using these
molecules over much longer treatment periods [4] [6] [9]. This was explained by
the anti-inflammatory effects of the two drugs [10] [11]. However, we noted a
significant decrease in Hs-CRp only with Vildagliptin within two weeks of
treatment suggesting that a reduction in insulin resistance could be expected
earlier with Vildagliptin compared to Liraglutide.

Both drugs showed a trend towards an improvement of insulin secretion after
2 weeks of treatment. However, it seemed to be more favorable under Liraglutide
as expected. In fact liraglutide like other GLP1a causes a higher, pharmacological
increase in GLP-1 whereas vildagliptin like other DPP-IV inhibitors trigger a
physiological GLP-1 increase [1]. The non-significant change found in our study
may be explained by the sample size, as it was powered to detect changes in in-
sulin sensitivity but not secretion.

Body composition analysis showed a tendency towards weight loss in the li-
raglutide group and weight gain in the vildagliptin group. In addition, we noted
a downward trend in the body fat percentage only under liraglutide, showing
early weight effects of liraglutide despite insufficient glycaemic control. In this
sub-Saharan population, Liraglutide proves to have beneficial anthropometric
effects observed elsewhere [12] [13] [14] [15] [16], and this occurs very early af-
ter the initiation of treatment.

Participants on liraglutide had a reduction of nearly 37% of LDL cholesterol in
2 weeks but not those on vildagliptin. This effect is equivalent to the decrease in
LDL cholesterol observed after 6 weeks with atorvastatin 10 mg or simvastatin
20 mg [17]. The effect on lipids has been attributed to the action of liraglutide on
the expression of the genes involved in lipogenesis [18]. The effects of Liraglu-
tide on the weight and lipid profile have been described in clinical trials and they
partly explain the cardiovascular benefit of this drug as demonstrated in the
LEADER trial [19]. Both strategies have shown a comparable and significant ef-
ficacy on glycaemic control as described in the literature [20] [21] [22]. The dif-
ference in short-term variation in resting energy expenditure with liraglutide vs.
vildagliptin could provide an explanation for the difference in the lipid profile
and weight between the two molecules. This was a paradoxical decrease in REE
under liraglutide and a non-significant increase under vildagliptin. This effect on
the REE has not been found after 4 weeks of treatment with liraglutide and vil-
dagliptin in earlier studies [23] [24].

Systolic blood pressure decreased significantly in both groups. This result is
consistent with the results of the LEAD studies where a reduction of the SBP under
Liraglutide is observed from the second week of treatment [13] [14] [15] [25] [26].
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5. Conclusion

Liraglutide tends to have better metabolic effects than vildagliptin after two
weeks of treatment, especially on insulin secretion and LDL cholesterol.
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