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associated metabolic phenotypes
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ABSTRACT

Background: It is known that there are different meta-
bolic phenotypes associated with obesity, each of them
imposing distinct cardiovascular risk. Metformin is a drug
with wide and diverse applications in cardiometabolic
disorders. Aims: To determine the effect of metformin
on lipid profile, glucose metabolism and anthropometric
variables of different phenotypes of obesity. Material and
methods: We conducted a «before and after» clinical trial
in order to evaluate the response to metformin treatment
(850 mg/day for 24 weeks). Variables like body weight,
body mass index (BMI), waist-hip index (WHI), blood
pressure, glycemia, total cholesterol (TC) and its frac-
tions, HDL, LDL as well as triglycerides and TC/HDL-c
and TG/HDL-c lipoprotein indexes were analyzed at
baseline and at the end of the trial. Results: HDL-c and
TC/HDL-c ratios showed a considerable improvement
after treatment. A reduction in LDL fraction was observed.
Triglyceride levels had no significant changes. An average
weight reduction of 0.48 Kg was obtained alongside with
an improvement of the BMI. Both systolic and diastolic
blood pressures did not show meaningful changes. Con-
clusions: Sustained administration of metformin had a
beneficial effect on lipid profile, weight reduction and

cardiovascular risk predictors.

BACKGROUND

besity has become a worldwide health
problem. According to the World Health
Organization, only in 2014, more than 1900
million adults were overweight and more than
600 million were obese." It is also known that
pathologies like metabolic syndrome (MS),

RESUMEN

Antecedentes: Se sabe que los diferentes fenotipos me-
tabolicos asociados a la obesidad imponen un riesgo
cardiovascular distinto. La metformina es un farmaco con
amplias y diversas aplicaciones en trastornos cardiome-

tabolicos. Objetivos: Determinar el efecto del tratamiento
con metformina sobre el perfil lipidico, las alteraciones
del metabolismo de carbohidratos, y sobre las variables
antropométricas observadas en los fenotipos metabdlicos
de la obesidad. Material y métodos: Se realizo un ensayo
clinico «antes y despuésy para evaluar la respuesta al
tratamiento con metformina (850 mg/dia durante 24 sema-
nas). Variables como peso, indice de masa corporal (IMC),
indice cintura-cadera (ICC), presion arterial, glucemia,
colesterol total y sus fracciones HDL, LDL, triglicéridos
e indices lipoproteicos CT/c-HDL y TG/c-HDL fueron
analizados al inicio y al final del estudio. Resultados: El
c-HDL y el indice CT/c-HDL tuvieron una mejoria signi-
ficativa posterior al tratamiento. Se observo un descenso
en c-LDL. Se obtuvo un descenso de peso promedio de
0.48 kg y paralelo a ello una mejora del IMC. La presion
arterial tanto sistolica como diastolica no mostré cam-
bios significativos. Conclusiones: La administracion de
metformina tuvo un efecto benéfico sobre el perfil lipidico,
la reduccion del peso corporal y algunos predictores de
riesgo cardiovascular.

Type 2 diabetes mellitus (T2DM) and cardio-
vascular diseases (CVD) are directly related to
obesity.2 While inflammatory and metabolic
alterations strongly associated to central adi-
posity have been thoroughly described,? it is
important to observe that not all individuals
with metabolic dysfunction are obese, nor do
all obese patients express metabolic anoma-
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lies.* Thus, the individuals metabolically obese
but with normal weight (MONW), initially
identified by Ruderman?® are characterized by
hyperinsulinemia, hyperglycemia, resistance
to insulin, dyslipidemia (hypercholesterolemia
and hypertriglyceridemia) but with normal
adipose mass and body mass index (BMI).
Meanwhile, individuals who are metabolically
healthy obese (MHO) have in fact visceral obe-
sity but not the characteristic comorbidities of
the so-called metabolic syndrome.® Although
initially it was believed that this phenotype was
not associated to an augmented cardiovascular
risk,” recent studies have suggested an incre-
mented cardiovascular and global risk in these
subjects.?? In general, the prevalence of MHO
in the general obese adult population is about
25-30%."0 However, several reports suggest
differences in this percentage.’™"3 The first
report regarding the prevalence of different
metabolic phenotypes associated with obesity
in Mexican population had been shown in
the Opus Prime Study.' This trial found the
MHO phenotype in just 5.4% of its cohort and
MONW individuals in 5.8%."* An important
highlight of this study was the identification of
intermediate phenotypes, composed by sub-
jects with only one or two of the determinant
traits of the MS, who represented the more
ample segment of the cohort.

Metformin and lifestyle modifications are
the first line treatment of T2DM."> The effect
of metformin is exerted through mechanisms
dependent on AMP-activated protein kinase
(AMPK) and from a transitory and mild inhibi-
tion of complex | of the mitochondrial oxidative
chain.™ These effects are mostly expressed
on carbohydrate metabolism by decreasing
hepatic production of glucose and improving
insulin sensitivity, enhancing the recruitment
and activity of type 4 glucose transporter
(GLUT-4), modulating the incretin system (with
increased concentrations of the glucagon like
peptide, GLP-1),'” and exerting an antioroxi-
genic effect, as well as a reduction of intestinal
absorption of carbohydrates,'® among others.
On lipid metabolism, it increases the esterifi-
cation of free fatty acids and inhibits lipolysis
on adipose tissue, providing protection for the
B cell against glucotoxicity and lipotoxicity.!
Also, a cardioprotective effect secondary to
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body weight loss and improvement of lipid
profile has been reported with the prolonged
administration of metformin.2® Other clinical
studies?!22 have also shown an improvement
of anthropometric and metabolic variables with
the use of metformin in non-diabetic popula-
tion. However, some reports have pointed out
the failure of metformin in attaining weight
control in overweight and obesity.

In this work we analyze the effects of met-
formin treatment (850 mg/day for 24 weeks)
in obesity-associated phenotypes, to explore
the possibility of using it as a preventive tool in
subjects with an altered metabolism.

MATERIAL AND METHODS

A non-controlled (i.e., «before and after») clini-
cal trial was performed with the objective of
determining the effect of metformin on doses of
850 mg/day for 24 weeks on metabolic and an-
thropometric abnormalities seen in metabolic
phenotypes associated to obesity. The study was
approved by both; the institutional Research
and Ethic Committees, and was conducted
according with the Helsinki Declaration, and
the Mexican Federal Regulations.

Individuals of any gender, > 20 years old,
thin, overweighed or obese (according to their
BMI) who had one or more of the MS traits
(defined with the last harmonized criteria??)
were recruited on convenience. In addition,
only those subjects with glucose metabolism
abnormalities (impaired fasting glucose or
impaired glucose intolerance) were selected,
excluding subjects with diagnosed T2DM
or under pharmacological treatment. Non-
inclusion criteria include hypertriglyceridemia
> 500 mg/dL, total plasma cholesterol > 400
mg/dL, serum creatinine > 1.4 mg/dL (women)
and > 1.5 mg/dL (men), serum transaminases
> 3 times above the normal superior limit,
total bilirubin > 2.0 mg/dL or malign diseases.
All individuals with clinical contraindications
for the use of metformin were excluded from
the study.

Fasting glycemia, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-c),
low-density lipoprotein cholesterol (LDL-c), and
serum triglycerides (TG) obtained during the
initial visit were considered as basal determina-
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tions. The TC/HDL-c and TG/HDL-c ratios were
calculated. Anthropometric features as body
weight, height, waist and hip circumferences,
BMI and waist-hip relationship (WHI) were
obtained at the baseline. Patients were weighed
barefoot with a calibrated clinical scale; they
were asked to stand in the center of the scale,
with separated feet for uniform distribution of
weight and the result was recorded to the clos-
est 0.1 kg. Waist circumference was measured
with a non-elastic fiber-glass tape placed be-
tween the iliac spine and the last rib, at mid ex-
piration, while hip circumference was obtained
placing the measuring tape at the trochanter
level. Blood pressure was measured by means
of a calibrated aneroid sphygmomanometer on
sitting position, following the recommendations
of the American Heart Association,?* register-
ing the average number obtained from three
determinations.

Thin, overweight and obese individuals with
one or more of the MS features entered the ac-
tive phase of the study, receiving 850 mg/day
of metformin. Thus, the following categories of
patients were considered: 1) Intermediate thin
(1-2 metabolic anomalies), 2) Dysmetabolic
thin (> 2 metabolic anomalies), 3) Interme-

Table L. Overall study results.

Effect of metformin on obesity associated

metabolic phenotypes

Variable Before After p

Glucose (mg/dL) 88.46 90.35 0.341
TC (mg/dL) 191.98 190.83 0.860
HDL-c (mg/dL) 39.73 43.50 0.005
LDL-c (mg/dL) 147.64 139.14 0.136
TG (mg/dL) 181.80 188.90 0.565
TC/HDL-c 5.02 4.44 0.003
TG/HDL-c 4.90 4.41 0.302
Weight (kg) 80.99 80.53 0.001
BMI (kg/m?) 30.82 30.62 0.001
SBP (mmHg) 117.80 116.40 0.326
DBP (mmHg) 75.81 75.10 0.407
WHR 0.9414 0.9558 0.395

Initials as in the text, p after Student’s test for paired samples.

diate overweight (1-2 metabolic anomalies),
4) Dysmetabolic overweight (> 2 metabolic
anomalies), 5) Intermediate obese (1-2 meta-
bolic anomalies) and 6) Dysmetabolic obese (>
2 metabolic anomalies). At the first visit, diet
and lifestyle modifications were recommended.
At the end of the study, laboratory and anthro-
pometric measurements were repeated. Each
individual served as his or her own control.

Statistical analysis. Sample size was de-
termined through comparison of two paired
means in one single group, taken as a reference
the value change of HDL-c in the MEFISTO
study.?> To compare differences between the
continuous numeric variables at the beginning
and end of the study, the Student'’s t test for
related samples was used. In order to reveal
the differences in basal characteristics of the
different sample groups the ANOVA test was
used, followed by Tukey’s post hoc test. The
variable contrast in the different metabolic
phenotypes was carried out through Wilcoxon’s
test. Statistical significance was defined as a
value of p < 0.05.

RESULTS

Fifty six patients were included in the study,
corresponding to the following categories:
2 patients of thin dysmetabolic phenotype;
6 individuals intermediate overweight; 19
dysmetabolic overweight; 12 intermediate
obese and 17 dysmetabolic obese. The age
of the sample was 44.13 £ 11.39 years with
a range from 20 to 75 years old. According to
the gender condition, a predominantly female
distribution (~60%) was found.

The mean values and standard deviations
of variables (Table I) were: glycemia 88.46
+12.46 mg/dL, HDL-c 39.73 + 9.08 mg/dL,
LDL-c 147.64 = 37.26 mg/dL, TG 181.80 =
74.75 mg/dL; systolic and diastolic blood pres-
sures 117.8 = 14.15and 75.81 = 8.51 mmHg,
respectively. An average body weight of 80.99
+ 15.17 Kg was found, minimum 57.30 and
maximum 126 kg, the average waist perimeter
was of 102.30 = 9.57 cm.

The most frequent anthropometric ab-
normality at baseline was the increased waist
perimeter in 96% of the patients. Regarding the
biochemical defects, the reduction of HDL-c
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Figure 1. Change in HDL-c and ratio TC/HDL-c after 24 weeks of treatment. Results are presented as mean + standard
deviation.
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Figure 2. Change in TG/HDL-c ratio after 24 weeks of
treatment. Results are presented as mean + standard de-
viation.

was the more frequent, followed by hyper-
triglyceridemia and hypercholesterolemia.
Thirteen individuals (23%) exhibited impaired
fasting glucose, the less observed initial bio-
chemical abnormality.

In an analysis of the forty-eight patients that
completed the study, an increase of 1.89 mg/
dL of serum glucose was found, with a mean
initial value of glucose of 88.46 = 12.46 mg/
dL and a final one of 90.35 = 13.12 mg/dL,
p = 0.34. In the lipid profile, it was observed

Figure 3. Change in weight after 24 weeks of treatment.
Results are presented as mean + standard deviation.

an increase of the HDL-c of 3.77 mg/dL at
the end of the study, (from an initial value of
39.73 = 9.08 mg/dL to 43.50 + 6.85 mg/dL,
p = 0.005).

The TC/HDL-c ratio showed an average
decrease of 0.58 with an initial average of 5.02
+ 1.36 and at the end of the study of 4.44 +
0.97 (IC: 0.20 to 0.96), p = 0.003 (Figure 1).
An average decrease of 8.50 mg/dL of the LDL-c
fraction was observed. The average concentra-
tion of triglycerides had an increase of 7.10
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Table II. Anthropometric and demographic baseline data.

Lean Overweight Overweight Obese Obese

dysmetabolic intermediate dysmetabolic intermediate dysmetabolic
Glucose (mg/dL) 93.5+£10.6 81.8+83 932+15.7 82.5£5.6 92.7+13.8
Total cholesterol 188 £59.3 190.1 +42.8 194 +£33.1* 180.6 £ 52.2% 188 £40.8
(mg/dL)
HDL-¢ (mg/dL) 425+49 2+122 38.5+8.8 44496 36.6£1.50
LDL-c (mg/dL) 169.5 £ 30.4 148.1 £ 34.6 150.6 +38.7 1345+ 46.4 145.5+44.5
Triglycerides 135+£21.2 165.1+£557  2022+83 119.5+37.1 188.7 £ 68.6
(mg/dL)
SBP (mmHg) 130+ 0 108.3+7.5 117.8+£13.3 116.4+6.2 115.5+35.1
DBP (mmHg) 82.5+35 68 + 6.4 76.8+7.9 74.6£6.5 742+£21.6
Weight (kg) 55.7+45 72.5+£22 71.5+£9.4 89.1£10.3 87.2+17.5
Waist (cm) 77.5+0.7* 98.1+6.1 95.6+£7.1* 106.7 + 8.1* 106.9 £9.6

Initials as in the text. Data are presented as median + standard error.

*p <0.05 vs. lean normal
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Figure 4. Change in TC/HDL-c ratio among the obese-
dysmetabolic phenotype after 24 weeks of treatment.
Results are presented as median + standard error.

mg/dL, going from 181.80 + 74.75 mg/dL to
188.91 = 98.16 mg/dL (IC: -32.02 to 17.73),
p = 0.56. The TG/HDL-c index went from the
initial value of 4.90 + 2.62 to 4.41 = 2.97 at
the end of the study (IC: -0.45 to 1.43) p =
0.302 (Figure 2).

A mean body weight loss of 0.46 kg (from
80.99 + 15.17 kg to 80.53 + 14.97 kg, p <
0.001) was observed, with a maximum reduc-
tion range of -2.75 kg (Figure 3). Parallel to the
loss of body weight, a slight improvement of

BMI was also observed, from 30.82 + 4.62
kg/m? to 30.62 = 4.60 kg/m? at the end of the
study p = 0.001, (IC: 0.77 to 0.30). The waist
perimeter was reduced, from 102.47 to 102.29
cm (IC: -0.10 to 0.42), p = 0.229.

Both systolic and diastolic pressures in-
creased non-significantly, 4.13 and 2.54
mmHg, respectively. The general results of the
study are summarized in Table I.

There were dissimilarities of several vari-
ables among subjects pertaining to different
phenotypes. For example, waist circumference
between subjects with normal weight in com-
parison with the other groups (Table II).

Upon follow up, the next findings were
made: the patients of dysmetabolic thin phe-
notype were lost in the follow-up. In the inter-
mediate overweight group a reduction of 0.61
kg in body weight was observed after 24 weeks
of treatment, from 72.58 + 2.22 kgto 71.97 +
2.24 kg, p = 0.035. Alongside with the weight
reduction, a BMI significant improvement was
also observed with an initial value of 27.33 +
1.59 and final of 27.06 = 1.61 (IC: 0.172 to
0.368) p = 0.0009.

In overweighed individuals belonging to the
dysmetabolic phenotype, no significant changes
in biochemical patterns, lipoprotein quotients
or anthropometric measurements were ob-
served. On the contrary, obese subjects within
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the dysmetabolic phenotype experienced the
most remarkable changes in concentrations of
HDL-c (from 36.65 = 1.50 mg/dL at the begin-
ning of the study to 40.79 + 1.17 mg/dL at the
end of it) (IC: 20.50 to 84.50, p = 0.47). Also,
the TC/HDL ratio diminished from 5.25 = 0.33
at base data to 4.31 = 0.25 at the end of the
trial (Cl: 96.0 to -9.0, p = 0.004) (Figure 4).

DISCUSSION

The aim of this study was to explore the impact
of metformin on anthropometric and metabolic
abnormalities in different phenotypes associ-
ated with obesity. Metformin was selected due
to its known beneficial effect on carbohydrate
and insulin metabolism?¢?” and its documented
pleitropic effects capable to reduce cardiovas-
cular risk in both diabetic and non-diabetic
subjects.?8:29

Within the defining anthropometric and
metabolic characteristic of the MS found at
the beginning of the study, the increase in
the abdominal waist perimeter was the most
prominent, 96% patients of the sample were
overweighed or obese. The second and third
most frequent anomalies found were low con-
centrations of HDL-c and hypertriglyceridemia,
which are in line to several recent surveys
are the characteristic lipid abnormalities in
contemporary Mexican urban population 3031
According with those studies half of Mexican
subjects with hypertriglyceridemia also have
mixed dyslipidemia or low concentrations of
HDL-c.?" These findings are consistent with our
own study in which 60% of patients at base had
hypertriglyceridemia and 93% hypoalphalipo-
proteinemia (low HDL-c).

After the administration of 850 mg/day of
metformin for 24 weeks, an increase of HDL-
c was observed (3.77 mg/dL). This increase
is similar to the one observed by Quintero-
Castillo et al,>?> who found in obese patients
with polycystic ovaries syndrome, significant
changes in TC, LDL-c, HDL-c and triglycerides
after the administration of metformin for a pe-
riod identical of the one used in our study, but
with doses up to 2,000 mg/day. The increase in
HDL-c reported was of 7.24 mg/dL, an increase
close to double of the figures in our study. Giu-
gliano?? found an increase of 28.32% (p < 0.01)

31

of HDL-c after the daily administration of 1,700
mg of metformin in a sample of non-diabetics,
hypertensive, obese, female patients, a much
larger increment than the one observed in our
study (9.5%) that comprised subjects with simi-
lar characteristics. Interestingly, other studies in
non-obese population with polycystic ovaries
syndrome failed tofind significant differences
in the HDL-c concentrations after 16 weeks
with doses up to 2,500 mg/day of metformin.3
Lastly, the MEFISTO? study, whose objective
was to evaluate nitroxidative stress, vascular
stiffness and inflammation (PCR) as well as
the carotid intima-media’s thickness after the
treatment with metformin, did not show any
significant change in the values of HDL-c, LDL-
¢, glucose, weight and BMI in the group treated
with metformin. However, a significant reduc-
tion of the TC concentrations was observed.
Differences can be attributed to the distinct
doses used or perhaps to methodological dif-
ferences. Thus, the improvement of HDL-c after
administration of metformin in non-diabetic
patients has given inconsistent results. Still,
the increase on HDL-c in our study is far from
what was reported in other studies, however,
unlike our study, most of the clinical essays that
have tried to prove the effect of metformin on
MS parameters have used medium-high doses
of metformin (> 1,500 day). Anyhow, the
Framingham?3> and other studies, have shown
that an increase of 1 mg/dL of HDL leads to a
2-3% of reduction of cardiovascular risk. In our
study, an increase of 14.6 mg/dL of the serum
TG concentrations was observed. This is in
contradiction with Quintero-Castillo report,
who found a significant reduction of TG and
LDL-c concentrations in obese patients with
polycystic ovaries syndrome.3? The obtained
results could be related to several factors: 1)
a large proportion of patients included in the
present study, had a history of mixed dyslip-
idemia and the suspension of hypolipidemic
drugs was requested upon entering the study,
2) bad alimentary habits, 3) lack of adherence
to the study drug and 4) biological variability
of serum TG.3%37 However, the rise of TG did
not reach statistical difference.

On the other hand, the importance of
evaluating the TC/HDL-c index lies in that it is
an excellent coronary heart disease predictor,
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better than the isolated fractions LDL-c and
TC.?® Thus Gaziano et al®*? together with the
Physicians Health Study*® evidenced that an
increase of just one unit of the TC/HDL-c ratio
is associated to an increase of 49% of coronary
acute syndromes. In our study a reduction of
less than half of a unit of the TC/HDL-c ratio was
observed. We believe that this small reduction
has a beneficial impact, reducing coronary risk.
Changes in the TC/HDL-c ratio were obtained
with a low metformin dose. On the other hand,
the TG/HDL-c index, aside from being conside-
red as good cardiovascular risk marker,*142 it
is also an acceptable sign of insulin resistance.
This index is in inverse relationship with B-cell
function suggests that can be used as a relevant
predictive marker of T2DM.*3 In our study the
ratio decreased almost a half of a unit, although
the descent was not significant.

The small doses of metformin used in this
study had proved useful in other trials?> done
by our group, reducing nitroxidative processes,
left ventricular hypertrophy and carotid intima
thickness, improving diastolic dysfunction and
antioxidant effect of HDL. Evidently, in order to
better improve BMI, waist circumference and
lipid profile greater doses of metformin have
to be used. However, with the results reported
here, it is difficult to determine the prognostic
impact of cardiovascular and cardiometabolic
risks and longer and larger studies are necessary
to assess this possibility.

CONCLUSIONS

The sustained administration of metformin at a
dose of 850 mg/day had a beneficial effect in the
lipid profile, and cardiovascular risk predictors.
Within the metabolic phenotype categories,
the greatest impact was observed in the dys-
metabolic obese, where an increase of plasma
concentrations of HDL-c and an improvement
of the TC/HDL-c ratio were observed.
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