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ABSTRACT

RESUMEN

Objective: To evaluate the effect of exenatide alone or in
combination with metformin on adiposity, glycemic control,
and lipid profile in prediabetic and obese patients. Patients
and methods: A randomized, double-blind, placebo-con-
trolled clinical trial was carried out in 30 prediabetic obese
adults. All patients received exenatide (5 pg) twice daily for a
month. Afterwards and during the next two months, doses
were increased to 10 pg twice daily. For three months, 15
patients received metformin (850 mg/day) and 15 patients
received placebo. Fasting and 2-hour post-load (75 g anhy-
drous glucose) glucose levels as well as lipid profile were as-
sessed at study initiation and again after three months. Wil-
coxon signed-rank and Mann-Whitney U tests were used for
statistical analyses. Results: After pharmacological interven-
tion, a decrease of body weight, body mass index, waist cir-
cumference, and fasting and post-load glucose levels were
observed in both groups, but significant reductions in adipo-
sity (42.9 + 4.4 vs. 41.0 + 6.0%; p < 0.01) and total cholesterol
(5.7 £ 0.9 vs. 45 = 0.9 mmol/l; p < 0.01) and low-density
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Objetivo: Evaluar el efecto de exenatida sola o en combina-
cién con metformina sobre adiposidad, control glucémico y
perfil de lipidos en pacientes con prediabetes y obesidad.
Material y métodos: Se llevé a cabo un ensayo clinico, alea-
torizado, doble ciego, controlado con placebo, en 30 adultos
con prediabetes y obesidad. Todos recibieron exenatida
(5 ng) dos veces al dia por un mes; posteriormente 10 ug dos
veces al dia durante dos meses. Quince pacientes recibieron
metformina (850 mg/dia) y 15 placebo. Al inicio y tres meses
después se midi6 glucosa de ayuno y dos horas posterior a
una carga de 75 g de glucosa anhidra, asi como un perfil de
lipidos. Andlisis estadistico: Wilcoxon y U de Mann-Whitney.
Resultados: Después de la intervencién en ambos grupos
se disminuyo peso corporal, indice de masa corporal (IMC),
circunferencia de cintura y las concentraciones de glucemia
de ayuno y poscarga; ademas de una significativa reduccién
con metformina de adiposidad (42.9 + 4.4 vs. 41.0 + 6.0%;
p < 0.01), colesterol total (5.7 = 0.9 vs. 4.5 + 0.9 mmol/l;
p < 0.01) y de las lipoproteinas de baja densidad (LDL-C)
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lipoprotein cholesterol (3.6 + 0.8 vs. 2.7 £ 0.5 mmol/l; p < 0.01)
were reached only in the metformin group. Conclusion: Ex-
enatide alone or in combination with metformin decreased
body weight, body mass index, waist circumference, and
fasting and post-load glucose levels. The combination of
drugs also decreased adiposity and total cholesterol and
low-density lipoprotein cholesterol levels. (REV MEX ENDO-
CRINOL METAB NUTR. 2016;3:66-71)
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INTRODUCTION

Overweight and obesity have reached worldwide
pandemic proportions with prevalence in some
countries close to 70%'. Obesity is related to insulin
resistance and other metabolic abnormalities, be-
coming important risk factors for the development
of type 2 diabetes mellitus and cardiovascular dis-
eases?.

Several pharmacological interventions have shown
a decrease in body weight and improvement in the
metabolic environment. One of these medications
is exenatide, a glucagon-like peptide receptor agon-
ist (GLP1 RA) which, in clinical studies, has shown
increasing first- and second-phase glucose-stimu-
lated insulin secretion, improving glucose control
and lipid profile, accompanied by a reduction in
body weight3. Another medication is metformin, a
biguanide that activates the 5-adenosine-mono-
phosphate-activated protein kinase in several tis-
sues, mainly liver, improving insulin sensitivity and
producing significant beneficial changes in glu-
cose control with moderate changes in body
weight, li-pids, insulin levels, and diastolic blood
pressure®,

The beneficial metabolic effects of the combination
of the above-mentioned drugs have been investi-
gated in diabetic patients, showing improvement of
insulin sensitivity, glucose control, lipid profile, and
markers of inflammation, as well as decrease of
body weight mainly in women and with a major

(3.6 £0.8 vs. 2.7 £ 0.5 mmol/l; p < 0.01). Conclusién: Exena-
tida sola o en combinacion con metformina disminuyé peso
corporal, IMC, circunferencia de cintura y las concentracio-
nes de glucosa de ayuno y poscarga; la combinacién con
metformina también disminuy6 adiposidad, colesterol total
y LDL-C.

Palabras clave: Exenatida. Metformina. Adiposidad. Obe-
sidad. Prediabetes.

long-term impact>®. This combination has not been
studied in high-risk populations without diabetes.
Therefore, the aim of this study was to evaluate the
effect of exenatide alone or in combination with
metformin on adiposity, glycemic control, and lipid
profile in prediabetic and obese patients.

Patients and methods

A randomized, double-blind, placebo-controlled
clinical trial was carried out in 30 adults (30-50 years
of age) with prediabetes (American Diabetes Asso-
ciation criteria)’ and obesity (body mass index [BMI]
30-39.9 kg/m?). Subjects were selected from the
same geographic area and socioeconomic status.
All individuals were nonsmokers. Their body weight
had been stable for at least three months prior to
the study. No patient was excessively sedentary or
participated in excessive physical activity. Subjects
were instructed to continue with their normal phys-
ical activity. Blood pressure was < 140/90 mmHg.
Subjects had not taken any medications known to
affect metabolism.

During the course of the study, all patients received
medical nutritional therapy as well as subcutaneous-
ly injected exenatide (5 pg, Baietta®, Eli Lilly Co.,
Mexico City, Mexico) twice daily for one month. Af-
terwards and during the next two months, doses
were increased to 10 ug twice daily. After simple
random allocation using a random number list, 15
patients received metformin (850 mg/day) (Labora-
torios Silanes, S.A., Mexico) and 15 patients received
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placebo, with the same pharmacological presenta-
tion for three months.

Prior to testing, an isocaloric diet of at least 250 g
of carbohydrates/day was followed for three days.
Tests were performed at 8:00 a.m. after a 10- to 12-
hour overnight fast. Body weight and height were
recorded with the subjects wearing light clothing
and without shoes. Height was measured and
rounded off to the nearest centimeter with the sub-
jects standing. Waist circumference was taken at the
midline between the highest point of the iliac crest
and the lowest rib in the mid-axillary line. The BMI
was calculated as body weight (kg) divided by
height squared (m?). Adiposity (% of fat mass) was
assessed by bioelectrical impedance analysis using
a contact electrode foot-foot body fat analyzer sys-
tem (TBF-300-A, Tanita Corporation of America, Inc.,
Arlington Heights, IL, USA). Blood pressure was
measured three times at the left arm with a digital
sphygmomanometer (Omron Hem-907 XL°) with
the subject seated in a chair after a 5-minute rest.
The mean of the three measurements was consi-
dered as the value of systolic blood pressure (SBP)
and diastolic blood pressure (DBP) expressed in
mmHg. Venous blood was obtained with the sub-
ject lying supine in a quiet room. Blood was allowed
to clot for 30 minutes at room temperature and
then centrifuged. The resulting serum was placed
into an aliquot, which was immediately used for
measurement of serum glucose, total cholesterol,
high-density lipoprotein cholesterol (HDL-C) and
triglycerides. Two-hour post-load (75 g anhydrous
glucose) glucose level was measured.

Serum glucose was determined by the glucose-
oxidase technique (Beckman Instruments, Inc., Brea,
CA, USA) with an intra- and inter-assay coefficient
of variation of < 1%. Serum lipid levels (total choles-
terol, HDL-C and triglycerides) were measured enzy-
matically. In particular, HDL-C was assessed after
selective precipitation of non-HDL fractions. Deter-
minations were performed with commercially avail-
able equipment (Ortho-Clinical Diagnostics, Inc.,
Rochester, NY, USA) with an intra- and inter-assay
coefficient of variation of < 3%. Low-density lipo-
protein cholesterol (LDL-C) was estimated by the
Friedewald formula:

LDL-C = total cholesterol — HDL-C - triglycerides/5.
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Statistical analyses

Sample size was calculated with a formula for clin-
ical trials® with a statistical confidence of 95% (95%
Cl), statistical power of 80%, standard deviation for
adiposity of 7.5% and 0.70 mmol/I for glucose con-
centration, and expected between-group differ-
ences of at least 8.6% for adiposity and 0.85 mmol/I
for glucose level, obtaining a total of 15 patients
per group including 20% of expected loss. Values
are presented as mean * standard deviation. In-
tra-group differences were tested using the Wil-
coxon signed-rank test and inter-group differences
with Mann-Whitney U-test; p < 0.05 was consid-
ered statistically significant.

Ethical considerations

The study protocol was reviewed and approved by
an Institutional Ethics Committee (DF/CB029/10).
Written informed consent was obtained from all
volunteers.

RESULTS

Both groups were comprised of seven females and
eight males. There were no significant differences in
age between groups (41.9 £ 7.3 and 42.3 £ 7.5 years
in placebo and metformin groups, respectively; p =
0.788). Clinical and laboratory baseline characteris-
tics were similar between groups (Table 1).

After the pharmacological intervention, a decrease
of body weight, BMI, waist circumference, and
fasting and post-load glucose levels were observed
in both groups, with a significant reduction in adi-
posity, total cholesterol, and LDL-C levels only in the
metformin group (Table 1).

Written informed consent was withdrawn immedi-
ately after the first month of treatment in one pa-
tient from the metformin group. One patient from
the placebo group presented venous thromboem-
bolic disease during the second month of treatment
and was excluded from the study. Adverse events
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Table 1. Baseline and post-intervention characteristics of the studied groups

Exenatide + Placebo

Exenatide + Metformin

n =15 n=14 n=15 n=14

Before After Before After
Body weight, kg 916114 86.8 +11.21 913+158 849 + 1571
BMI, kg/m2 343 +33 327 £357 347 £ 36 326 + 497
Fat mass, % 406 +53 40.1 +59 429 + 44 410 + 6.0
Waist, cm 108 £ 10 104 + 11°F 109+ 12 103 + 10*
Systolic BR, mmHg 118+ 8 118+ 6 126 + 4 124 £ 15
Diastolic B, mmHg 78 £4 80+8 80+6 77 £4
Fasting glucose, mmol/I 60+05 54+ 041 58+ 06 49 + 0.9*
Post-load glucose, mmol/I 78+ 15 58+ 121 78+17 58+ 0.9*%
Total cholesterol, mmol/I 49+08 49+ 1.1 57+09 45+ 09
HDL-C, mmol/I 1.1+02 1.1+02 1.1+0.2 1.0+0.2
LDL-C, mmol/I 29+05 30+09 36+08 2.7 £05*
Triglycerides, mmol/I 1.7+£06 1.7+£07 20+06 14+02

Statistical analyses before and after interventions: *p = 0.05; 'p = 0.02; *p = 0.01; %p = 0.008.

Conversion factors:
Glucose in mg/dl = glucose in mmol/l * 18.

Total, HDL- or LDL-cholesterol in mg/dl = total, HDL or LDL-cholesterol in mmol/I * 38.67.

Triglycerides in mg/dl = triglycerides in mmol/I * 88.57.

BMI: body mass index; BP: blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.

reported during the study were mainly nausea
(three patients in the placebo group and four in the
metformin group) and headache (two patients in
each group). Adherence to treatment was > 80% in
all patients.

DISCUSSION

Obesity is a global health problem with a gradual
worldwide effect. This is a heterogeneous disor-
der associated with cardiovascular risk and other
adverse health effects including prediabetes. The
biological causes of obesity are complex. The
rapid increase in obesity prevalence during the
past few decades is due primarily to major socie-
tal changes, leading to an increase in the diabetic
population®.

It is fundamental to find treatment strategies for
obtaining and maintaining long-term body
weight reduction. One strategy could be use of

the combination of several pharmacological medi-
cations with different and complementary mech-
anisms of actions, achieving greater body weight
loss among other beneficial metabolic effects’®.

The effect of metformin to decrease body weight
in obese diabetic and nondiabetic patients is con-
troversial; however, decreases of > 1 kg at one year
and 0.5 kg at two years have been observed. In
patients with prediabetes at 2.8 years, the average
body weight loss was 2.1 kg, with a 31% reduction
in diabetes incidence’®. Long-term data on body
weight reduction in diabetic patients are available
from the United Kingdom Prediabetes Study (UK-
PDS)'3. In obese insulin-resistant children, six-
months administration of metformin decreased to-
tal body fat mass by 1.4 kg'4. The effect of metformin
to decrease appetite is likely to be multifactorial.
Changes in hypothalamic physiology including lep-
tin and insulin sensitivity have been documented.
In addition, the gastrointestinal physiology and cir-
cadian rhythm changes by metformin not only
affect food intake but also the regulation of fat
oxidation and storage in liver, skeletal muscle, and
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adipose tissue that could be participating in loss of
body weight'®.

Metformin had a beneficial effect on total choles-
terol, glucose control, and systolic and diastolic
blood pressures, decreasing all-cause mortality and
myocardial infarction-related mortality'®.

The mechanisms involved in the pleiotropic effects
of GLP1 RA have yet to be completely elucidated;
however, satiety is stimulated, leading to reductions
in food intake and body weight. Gastric distension,
peripheral vagal nerve activation, and central regu-
lation of feeding have been proposed'”.

In prediabetic and obese patients, administration of
exenatide for six months decreased body weight >
5 kg'8. One-month administration of exenatide has
shown a significant (4.4%) decrease of subcutane-
ous fat deposition in patients with metabolic syn-
drome’. Exenatide/metformin-treated patients
with type 2 diabetes display progressive dose-de-
pendent body weight loss up to -2.8 kg after 30
weeks?0, For patients with diabetes and BMI > 30 kg/
m?, body weight change from baseline with the ad-
ministration of exenatide for three years in patients
with previous treatment of metformin or sulfonyl-
ureas was -5.8 kg?'.

Our results showed that administration of exenatide
alone or in combination with metformin decreased
BMI at the same magnitude, probably due to the
fact that the effect of exenatide in decreasing total
body weight was more powerful in both groups
than that offered by the addition of metformin in
this short period of time. Therefore, we believe that
administration of exenatide alone is adequate if the
purpose is to decrease body weight as an inducer
only. However, this could be considered as a limita-
tion of our study, and long-term investigations
should be carried out to prove such affirmation.
There is no information about the effect of the com-
bination of exenatide plus metformin on fat depo-
sition in diabetic patients and less information in
nondiabetic individuals. In our study, adiposity was
improved only with the combinations of metformin.
One possible explanation may be that, in similar
populations, exenatide administration as mono-
therapy has shown to only reduce subcutaneous
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fat’® unlike metformin as monotherapy, which has
decreased total body fat mass'*. In regard to glu-
cose control, fasting and post-load levels were de-
creased in both groups as expected. The results
observed in the lipid profile were also as expected
in accordance with the short time of metformin ad-
ministration.

Based on the above-mentioned studies among
others, the American Association of Clinical Endo-
crinologists has recommended the use of metfor-
min to reduce the risk of future diabetes in predia-
betic patients. On the other hand, glucagon-like
peptide receptor agonists have demonstrated to
prevent diabetes and restore normoglycemia in the
vast of majority of subjects with prediabetes. Both
medications are relatively well tolerated and safe
and may confer a cardiovascular risk benefit?2,

In conclusion, exenatide alone or in combination
with metformin showed similar results in decreas-
ing body weight, BMI, waist circumference, and
fasting and post-load glucose levels. The combina-
tion with metformin also decreased adiposity and
total cholesterol and LDL-C concentrations.
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