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central fat distribution: the BIGPRO 1.2 trial
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Abstract

Background In the BIGPRO 1 trial, one year of treatment with metformin in
non-diabetic obese subjects with a central fat distribution had no signi®cant
effect on fasting plasma triglyceride concentration or on blood pressure
despite a decrease in weight, fasting plasma insulin and glucose concentra-
tions. To re-evaluate the effect of metformin on fasting triglyceride
concentration and on blood pressure, the BIGPRO 1.2 trial included non-
diabetic men (n=168) with a fasting plasma triglyceride concentration i1.7
and j6.5 mmol/l, high blood pressure (systolic i140 and j180 and/or
diastolic i90 and j105 mmHg, or treatment for hypertension) and a waist-
to-hip ratio i0.95.

Methods A randomised double-blind trial comparing metformin treatment
(850 mg bid) with placebo.

Results Metformin had no signi®cant effect either on blood pressure or
plasma triglyceride concentration. In comparison with the placebo group,
fasting plasma insulin ( p<0.04), total cholesterol ( p<0.05) and Apo B
( p<0.008) concentrations decreased more in the metformin group in the
BIGPRO 1.2 trial, con®rming most of the previous results of the BIGPRO 1
trial. Tissue plasminogen activator antigen concentration decreased sig-
ni®cantly ( p<0.01) only in the metformin group, but this was not
signi®cantly different from the placebo group ( p<0.12); further, there
were no signi®cant differences in the change in plasminogen activator
inhibitor 1.

Conclusions The consistency of the two BIGPRO trials supports the
conclusion that metformin affects several cardiovascular risk factors
favourably in non-diabetic subjects with a central fat distribution. Copyright
# 2000 John Wiley & Sons, Ltd.

Keywords metformin; waist-to-hip ratio; triglyceride; hypertension; central
obesity

Introduction

Upper body fat distribution is a risk factor for cardiovascular morbidity
and mortality, independent of classical cardiovascular risk factors [1±3].
Subjects with this type of fat distribution often present with decreased insulin
sensitivity along with glucose intolerance, hypertriglyceridaemia and a
low HDL-cholesterol concentration, and mild hypertension [4]. This
constellation of abnormalities, known as the insulin resistance or metabolic
syndrome, is thought to be responsible for the increased cardiovascular
risk [5]. The BIGPRO 1 trial [6], in 324 obese non-diabetic men and women
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with a high waist-to-hip ratio, was initiated to test

whether a one-year treatment with metformin would

reduce insulin resistance (as measured by fasting plasma

insulin concentrations) and the other features of the

insulin resistance syndrome. Metformin decreased the

fasting plasma insulin and glucose concentrations, and

encouraged maintenance of weight loss [6]. However,

these effects did not translate into a signi®cant change

either in blood pressure, plasma triglyceride or HDL-

cholesterol concentrations, in comparison with the

placebo group. One hypothesis was that the subjects

included in the BIGPRO 1 trial, two-thirds of whom

were women, were too normal in terms of their initial

blood pressure and plasma triglyceride concentrations.

The aim of BIGPRO 1.2 was to re-evaluate in non-diabetic

subjects the effect of metformin on plasma fasting

triglyceride concentration, the main end-point, and on

blood pressure. The population selected to answer

this question was men with a high waist-to-hip ratio,

a high fasting plasma triglyceride concentration and

treated or untreated mild hypertension. The study was

designed as a randomised, double-blind, placebo con-

trolled trial in parallel groups. A second aim was to

con®rm the effect of metformin observed in BIGPRO 1,

on cardiovascular risk factors that are not classically

included in the insulin resistance syndrome, namely

total and LDL plasma cholesterol [6], and two plasma

markers of endothelial damage, the tissue plasminogen

activator antigen (t-PA-ag) and the von Willebrand factor

(vWF) [7].

Subjects and methods

Patients and study protocol

The study investigators were 105 general practitioners

from throughout France. They recruited men aged

between 18 and 55 years without diabetes, patent

cardiovascular disease, known renal or hepatic in-

suf®ciency, mental illness or any life-threatening con-

dition. Height and weight (measured in underwear

without shoes) were recorded along with waist and

hip circumferences, measured respectively at the mid-

distance between the lower rib margin and the iliac crest,

and at the level of the buttock which yielded the greatest

circumference. Blood pressure was recorded twice at a

one minute interval with a large cuff on subjects resting in

the supine position, and the average was used.
Men were included in the study if they agreed to

participate in a therapeutic trial and had both:

$ systolic blood pressure i140 and j180 mmHg and/

or diastolic blood pressure i90 and j105 mmHg,

and/or treatment for hypertension
$ a waist-to-hip circumference ratio 0.95 with a

body mass index (BMI) [weight (kg)/height2 (cm)]

<33 kg/m2.

Inclusion in the trial was con®rmed between 10 and 60
days later, if:

$ the above clinical criteria were met again
$ the fasting plasma triglyceride concentration was i1.7

and j6.8 mmol/l (150 and 600 mg/dl)
$ the plasma creatinine concentration was <130 mmol/l,

the SGOT and SGPT concentrations were lower than
four times the upper limit of normal, and the fasting
blood glucose concentration was <7.8 mmol/l.

Subjects taking lipid-lowering drugs could be included
if they had a fasting plasma triglyceride concentration in
the required range after at least one month of treatment
withdrawal.

The men were randomised to receive oral metformin
(850 mg twice daily) or placebo for three months
following a double blind procedure. They were not
given any dietary counselling. Treatment by antidiabetic
or lipid-lowering drugs was not permitted during the trial
and it was recommended not to change other medica-
tions. Clinical examinations were performed one and a
half, and three months after inclusion, with assessments
of treatment compliance and side-effects.

Biological evaluations

Blood samples were taken just after the ®rst visit with the
general practitioner (pre-inclusion) and 10 days before
the end of the three-month treatment period. Venous
blood was drawn with minimal stasis from fasting
subjects in a local laboratory. Plasma and serum samples
were stored at x30uC until collection by the central
laboratory (CERBA, Cergy Pontoise, France) for measure-
ments of:

$ plasma glucose, creatinine, uric acid, SGOT, SGPT,
GGT, total cholesterol, HDL-cholesterol (after selective
precipitation of VLDL and LDL) and triglyceride con-
centrations by enzymatic methods adapted to an auto-
matic analyser (Hitachi 911, Boehringer Manheim)

$ serum Apo AI and Apo B by immunonephelemetry
(Behring).

At the ®nal biological evaluation, the above parameters
were measured, excepting creatinine, SGPT and SGOT.

In addition, plasma insulin (by radioimmunoassay at
CERBA) and haemostatic parameters were measured after
the end of the study, using frozen samples obtained at the
inclusion and ®nal evaluations. Haemostatic parameters
were assayed at the Haematology Department of La
Timone Hospital in Marseille: PAI-1 activity (PAI-1-act)
using a commercially available kit (Biopool, Umea,
Sweden); PAI-1 antigen (PAI-1-ag), t-PA-ag and vWF
by ELISA with kits from Diagnostica Stago, AsnieÁres,
France; ®brinogen was estimated by a chronometric
method. Plasma for measurements of haemostatic
parameters was available for 139 subjects at inclusion
and for 113 subjects at both the inclusion and ®nal
evaluations.
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Statistical analyses

Results for the variables that had a skewed distribution
(BMI, concentrations of plasma insulin, triglyceride and
of the haemostatic parameters) were expressed as
geometric means and 95% con®dence intervals. Placebo
and metformin groups were compared at baseline by
Student's t-test and x2 test. The treatment effect was
evaluated by comparing, between the metformin and
placebo groups, the changes between the inclusion and
three-month visits, with paired t-tests, on an intent-to-
treat-basis. There were three values of the changes in
fasting insulin concentration that exceeded the meant3
SD, which were re-coded to the next highest value of the
distribution. We estimated that a sample size of 85
subjects per group was adequate to enable demonstration
of a difference in the average change in plasma
triglyceride concentration of at least 0.34 mmol/l
(30 mg/dl) with an a risk of 0.05 and a power of 80%.
All analyses were performed with the SAS package (SAS
Institute Inc., Cary, NC, USA).

Results

The inclusion period lasted one and a half years. Among
the 340 subjects included in the trial, only 168 could be
randomised to the metformin or placebo treatments. The
main reasons for non inclusion were: 20% of the subjects
did not return for the inclusion visit, 64% had a fasting
plasma triglyceride concentration that was too low and in
10% it was too high. One subject had a fasting blood
glucose concentration greater than 7.8 mmol/l. Among
the 85 subjects assigned to the placebo group and the 83
subjects assigned to the metformin group, clinical data
were missing at the ®nal evaluation in six (7%) and in two
(2%) subjects respectively (ns). Corresponding ®gures for
the biological evaluation were four (5%) and ®ve (6%),
(ns). Three subjects (4%) in the placebo group and eight
(10%) in the metformin group stopped the treatment
before the end of the trial (because of side-effects in ®ve
of the metformin-treated subjects and in none of the
placebo-treated subjects). Five (6%) in the placebo group
and 30 subjects (36%) in the metformin group
( p<0.001) complained of gastro-intestinal side-effects,
mainly diarrhoea. Other adverse side effects were
reported by 10.5% of the placebo and 7.0% of the
metformin treated subjects (ns) but no speci®c effect was
described by more than two subjects.

Men included in the trial had a mean fasting plasma
triglyceride concentration of 2.77 and 2.83 mmol/l in
the metformin and placebo groups, respectively (ns)
(Table 1). Of the subjects 37% (metformin: 42%, placebo
34%) were treated for hypertension, mainly with b-
blockers (45%) and ACE inhibitors (22%). The men
included in the two treatment groups were comparable
except for the GGT and the vWF concentrations, which
were higher in the metformin group ( p<0.06 and
p<0.04, respectively) (Table 1).

There were signi®cant differences between the two
treatment groups for changes in fasting insulin ( p<0.04),
total cholesterol ( p<0.05), Apo B ( p<0.008) and GGT

( p<0.02) concentrations, which all decreased in the
metformin group but did not change in the placebo group
(Table 2). There was also a trend for a greater decrease
in weight ( p<0.14) and fasting glucose ( p<0.15)

(Table 2). Plasma triglyceride concentration fell both in
the metformin and in the placebo groups, by an average

Table 1. Clinical features of the men included in the metformin
and placebo groups at baseline

Metformin Placebo

Number 83 85
Age (y) (median, range) 45, 20±56 46, 26±55
BMI (kg/m2) 28 (24±33) 29 (24±35)
WHR 1.00t0.03 1.01t0.04
Systolic blood pressure (mmHg) 144t11 144t13
Diastolic blood pressure (mmHg) 91t8 91t10
% with antihypertensive treatment 42% 34%
SGPT (U/l) 50t31 46t22
SGOT (U/l) 31t13 28t9
GGT (U/l) 76t57 61t41
Fasting blood glucose (mmol/l) 5.60t0.74 5.55t0.79
Fasting insulin (pmol/l) 61 (20±190) 62 (20±186)
Total cholesterol (mmol/l) 6.68t1.31 6.56t1.26
HDL-cholesterol (mmol/l) 1.06t0.34 1.09t0.46
Apo AI (g/l) 1.55t0.23 1.47t0.34
Apo B (g/l) 1.53t0.38 49t0.36
Triglyceride (mmol/l) 2.77 (1.48±5.17) 2.83 (1.52±5.28)
PAI1 activity (IU/ml)a 24 (6±100) 24 (4±157)
PAI1-ag (ng/ml)a 75 (17±328) 78 (20±314)
t-PA-ag (ng/ml)a 12 (7±22) 12 (7±23)
vWF (U/l)a 1.2 (0.5±2.5) 1.0 (0.4±2.5)
Fibrinogen (g/l)a 3.2 (2.1±4.9) 3.1 (1.9±5.0)

Quantitative variables expressed as arithmetic meantSD, or geometric mean
(95% con®dence interval).
aResults for 69 and 70 subjects in the metformin and placebo groups,
respectively.

Table 2. Comparison of the changes (three months ± entry ) in
clinical and biological variables between the metformin and
the placebo groups

Metformin Placebo p-value

Number 83 85
Weight (kg) x0.5t2.8 0.1t2.1 0.14
WHR x0.008t0.034 x0.015t0.032 0.16
Systolic blood pressure

(mmHg)
x5t11 x2t12 0.18

Diastolic blood pressure
(mmHg)

x4t9 x2t9 0.26

GGT (U/l) x12t25 0t28 0.02
Fasting blood glucose

(mmol/l)
x0.16t0.83 0.02t0.66 0.15

Fasting insulin (pmol/l) x10t38 0t29 0.04
Total cholesterol (mmol/l) x0.34t0.94 x0.02t1.10 0.05
HDL-cholesterol (mmol/l) x0.06t0.31 x0.12t0.42 0.33
Apo AI (g/l) x0.01t0.21 0.03t0.31 0.31
Apo B (g/l) x0.09t0.22 0.02t0.30 0.008
Triglyceride (mmol/l) x0.23t1.05 x0.11t1.20 0.51
PAI1 activity (IU/ml)a x4t15 x5t18 0.85
PAI1-ag (ng/ml)a x21t64 x16t62 0.72
t-PA-ag (ng/ml)a x1.2t3.0 x0.4t2.5 0.12
vWF (U/l)a x0.06t0.42 0.02t0.46 0.40
Fibrinogen (g/l)a x0.09t0.82 0.06t0.80 0.39

MeantSD.
aResults for 55 and 58 subjects in the metformin and placebo groups,
respectively.
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of 0.23 and 0.11 mmol/l respectively (ns) (Table 2). The
results on lipid changes were unaffected by excluding
men treated by b-adrenoceptor blockers. The PAI1
activity and antigen decreased signi®cantly ( p<0.05)
during the trial, equally in the metformin and placebo
groups. In contrast, t-PA-ag decreased signi®cantly in the
metformin group ( p<0.01), but the mean changes did
not differ signi®cantly between the metformin and
placebo groups ( p<0.12).

Discussion

The BIGPRO 1.2 study was designed speci®cally to test for
an effect of metformin on fasting plasma triglyceride
concentration: it had 80% power to detect a change of at
least 0.34 mmol/l. However, in these middle-aged men
with a central fat distribution, hypertension and high
fasting plasma triglyceride concentration, the reduction
in triglyceride concentration that was observed after three
months of treatment with metformin was not signi®cant
compared with that observed in the placebo group. The
difference between the changes in the two groups was
only 0.12 mmol/l, about one-third of the 0.34 mmol/l
difference that had been considered to be of clinical
importance in these hypertriglyceridaemic subjects and
used for the calculation of the number of subjects
required for the trial. This non-signi®cant result con®rms
several other negative randomised clinical trials, in non-
diabetic hypertensive [8,9], dyslipidaemic [10,11] or
centrally obese [BIGPRO1: 6] subjects, and in subjects
with Type 2 diabetes (comparing metformin with either
placebo [12]: protocol 1, [13±15], guar [16], sulphonyl-
ureas [17±21] or insulin [22±24]). There is no obvious
explanation why some studies concluded that metfor-
min had an effect on plasma triglyceride concentrations
[25], 12: protocol 2, [26±29]; in terms of the baseline
characteristics of the subjects, quality of glycaemic
control, weight loss, duration of the study, dose of
metformin or study power. However, particular attention
has to be given to the largest of these clinical trials [12]:
protocol 2], which compared the effect of metformin to
that of glyburide and of a combination of the two drugs.
In this trial, 632 patients with type 2 diabetes with an
initial mean fasting plasma triglyceride concentration
of 2.5 mmol/l (220 mg/dl) were included. There was
a signi®cant fall in triglyceride concentration (of on
average 0.20 mmol/l, 18 mg/dl) in the metformin and in
the combination groups compared to the glyburide group,
despite similar glycaemic control. Most of the other
studies did not have the power to detect such a small
effect. Therefore, metformin may have a modest effect on
fasting plasma triglyceride concentration in hypertrigly-
ceridaemic patients with Type 2 diabetes. In non-diabetic
hypertriglyceridaemic subjects, only a large size effect of
metformin can be excluded.

All the studies discussed above considered only fasting
plasma triglyceride concentrations. In Type 2 diabetic and
glucose intolerant subjects [30±32], three months of

treatment with metformin has been shown to greatly
affect postprandial lipaemia Whether this effect of met-
formin exists in subjects with normal glucose tolerance is
not known but deserves further attention, given the
potential impact of postprandial lipaemia on cardio-
vascular risk [33,34].

Because hypertriglyceridaemia is the main lipid
abnormality in Type 2 diabetic, obese or hypertensive
subjects, most of the attention about the effect of met-
formin on plasma lipid concentration has been focused on
triglyceride. However, in contrast to the mostly negative
results for triglyceride, there is evidence that metformin is
able to decrease plasma total and LDL cholesterol, and
Apo B concentrations in Type 2 diabetic as well as in non-
diabetic subjects. In addition to the BIGPRO 1 [6] and
BIGPRO 1.2 studies, all [9±11,25] but one [8] of the
randomised clinical trials in non-diabetic subjects and
10 [12]: protocol 1 and [2,15,16,22,24,26±29] of the
randomised trials in Type 2 diabetic patients, including
the two largest studies [12] have reached this conclusion.
The size of the effect is modest, between 3 and 10% in
most studies, but the mean baseline total cholesterol
concentrations were either normal or only moderately
elevated.

The second main end-point studied in the BIGPRO 1.2
trial, the change in blood pressure with metformin
treatment, did not differ signi®cantly from that observed
in the placebo group. This result is again concordant with
BIGPRO 1 and is in agreement with most published
randomised clinical trials in diabetic [12,14,19,22,26,29]
as well as in non-diabetic [8,9,35,36] subjects except in
three studies [24,25,28].

In the BIGPRO 1.2 trial, there was a signi®cant decrease
in fasting insulin and in GGT concentration with
metformin treatment. The effect on fasting insulin is
a well known action of the drug which had been
documented both in diabetic and non-diabetic subjects
and is interpreted as resulting from an improvement in
insulin sensitivity [37]. In BIGPRO 1.2, this action was
observed in the metformin group in the absence of
signi®cant weight loss. The effect on GGT was unex-
pected. As GGT concentrations were higher in the
metformin group at baseline ( p<0.06), a regression to
the mean effect cannot be excluded. However if con-
®rmed, this effect may be of interest in view of the strong
predictive effect of GGT concentration for conversion to
Type 2 diabetes [38].

The most signi®cant effects of metformin in BIGPRO 1
were the reductions in two markers of endothelial
damage, the t-PA-ag and vWF concentrations, which led
to the hypothesis that metformin could have a bene®cial
effect at the endothelial level [7]. There was a similar
decline in t-PA-ag concentration after three months of
treatment with metformin in BIGPRO 1.2 (x1.2t3.0 ng/
ml, Table 2) as that observed after one year in BIGPRO 1
(x1.1t3.1 ng/ml) [6]. However, because of a greater
decline in the placebo group in BIGPRO 1.2 (x0.3 vs
x0.2 ng/ml), the change in BIGPRO 1.2 was not
signi®cant ( p<0.12). The situation is quite different for
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the vWF for which a slow steady decrease was observed in
BIGPRO 1 [7]. The change in comparison with the
placebo group reached statistical signi®cance only after
one year of treatment, but was not signi®cant at the six
month evaluation. Therefore, it is not surprising to see
only a slight and insigni®cant reduction in the vWF
concentration in the metformin group at three months in
the present study. As for the ®brinolysis parameters, PAI1
activity and PAI1 antigen, neither BIGPRO 1 [7] nor
BIGPRO 1.2 demonstrated a signi®cant action of metfor-
min. Weight loss was at least partly responsible for the
decline in PAI1 observed both in the placebo and the
metformin groups in BIGPRO 1 [7]. In BIGPRO 1.2, a
more modest but still signi®cant decrease in PAI1 was
observed in the placebo group, despite an average weight
rise of 0.1 kg.

The consistency of the metformin effect in two BIGPRO
studies permits us to conclude that in non-diabetic
subjects with a central fat distribution, treatment with
metformin can be expected to improve insulin sensitivity
and decrease blood glucose concentrations in glucose
intolerant subjects (shown in BIGPRO 1), to decrease
total and LDL-cholesterol concentration and two markers
of endothelial damage. In addition, if dietary recommen-
dations are associated, as was the case in BIGPRO 1,
metformin favours the maintenance of weight loss and of
its consequences, namely a further increase in insulin
sensitivity and improved ®brinolysis [6,7]. A fall in blood
pressure and in plasma triglyceride concentrations may
occur as a consequence of the weight loss.
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