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Effect of Metformin Treatment on Multiple Cardiovascular Disease Risk
Factors in Patients With Type 2 Diabetes Mellitus

Fahim Abbasi, James W. Chu, Tracey McLaughlin, Cindy Lamendola, Elizabeth T. Leary,
and Gerald M. Reaven

n light of the conflicting results of the recent United Kingdom Prospective Study (UKPDS), where diabetic patients on

etformin monotherapy had lower all-cause mortality and the addition of metformin in sulfonylurea-treated patients was

ssociated with an increased risk of diabetes-related death, we sought to compare the effects on cardiovascular disease (CVD)

isk factors of metformin monotherapy with metformin treatment when added to a sulfonylurea compound in patients with

ype 2 diabetes. Thirty-one volunteers with type 2 diabetes mellitus, 16 on dietary therapy and 15 on sulfonylurea mono-

herapy (SU), were treated with metformin for 12 weeks. Measurements were made of (1) fasting plasma glucose, hemo-

lobin A1c (HbA1c), lipid, remnant lipoprotein cholesterol (RLP-C) levels, and low-density lipoprotein (LDL) particle size; (2)

aylong plasma glucose, insulin, free fatty acid (FFA), triglyceride (TG), and RLP-C concentrations; and (3) fasting levels of

oluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular cell adhesion molecule-1 (sVCAM-1), and soluble

-selectin (sE-selectin). Fasting plasma glucose concentrations decreased to a similar degree after treatment with metformin

n both the metformin monotherapy group (12.45 � 0.48 v 9.46 � 0.47 mmol/L, P < .001) and the combined SU and metformin

herapy group (14.09 � 0.51 v 10.57 � 0.85 mmol/L, P � .001). Fasting plasma lipid concentrations and LDL particle size did

ot significantly change in either treatment group, whereas fasting RLP-C concentrations were significantly lower in the

etformin monotherapy group (0.43 � 0.09 v 0.34 � 0.07 mmol/L, P � .02). Daylong concentrations of plasma glucose, FFA,

G, and RLP-C were lower to a similar degree in both treatment groups, whereas daylong plasma insulin concentrations were

nchanged. Fasting plasma sVCAM-1 levels were significantly lower in both the metformin monotherapy group (484 � 19 v

46 � 18 ng/mL, P � .02) and the combined SU and metformin therapy group (496 � 29 v 456 � 31 ng/mL, P � .05), whereas

asting plasma sICAM-1 and sE-selectin levels were essentially unchanged. Administration of metformin, either as mono-

herapy or in combination with a sulfonylurea drug, improved glycemic control and led to a decrease in several CVD risk

actors in patients with type 2 diabetes.
2004 Elsevier Inc. All rights reserved.
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ESULTS OF a substudy analysis of the United Kingdom
Prospective Study (UKPDS) demonstrated that im-

roved glycemic control in overweight patients treated with
etformin alone was associated with a decreased risk of com-

ined diabetes-related end points, all-cause deaths, and myo-
ardial infarction compared with the conventionally treated
atients.1 However, the same analysis indicated that addition of
etformin in sulfonylurea (SU)-treated patients was associated
ith an increased risk of diabetes-related death and all-cause
eath compared with those continued on SU alone. The
KPDS investigators addressed this apparent paradox by
ointing out that patients receiving combined SU and met-
ormin were older, with worse glycemic control, less over-
eight, and were monitored for a shorter period. In addition,

hey indicated that the reported differences in outcome were
ased on a relatively small number of end points, and that an
pidemiological analysis of the entire UKPDS population did
ot find an association of diabetes-related deaths with com-
ined SU and metformin therapy.
Since the publication of these findings, 2 epidemiological

tudies have shown increased mortality in patients with type 2
iabetes treated with combined SU and metformin as compared
ith metformin monotherapy.2,3 However, the diabetes in the
atients receiving combined treatment with SU and metformin
n these studies was of longer duration and the glycemia less
ell controlled. Thus, it seemed possible that these differences
ight have contributed to the increased mortality in those

atients receiving combined SU and metformin, as differenti-
ted from an adverse effect of adding metformin to patients
eing treated with SU compounds.
Adding metformin to the treatment program of patients with
ype 2 diabetes who remain hyperglycemic despite treatment

etabolism, Vol 53, No 2 (February), 2004: pp 159-164
ith a SU compound has been clearly shown to be effective,4-7

nd the results of the UKPDS have demonstrated how impor-
ant it is to obtain glycemic control in patients with type 2
iabetes.1,8 The present study is an attempt to respond to
uestions that have been raised concerning the safety of ad-
inistering metformin to patients who are in poor glycemic

ontrol on SU treatment. For this purpose, we compared the
etabolic effects of initiating treatment with metformin in 2

roups of volunteers with type 2 diabetes in relatively poor
lycemic control, matched for other relevant clinical variables,
ut differing in that one group was not receiving any antihy-
erglycemic agent, while the other was treated with a SU drug.
n particular, we assessed the impact of metformin treatment on
ultiple cardiovascular disease (CVD) risk factors in these 2

atient groups.

MATERIALS AND METHODS

The study participants were recruited from the San Francisco Bay
rea by advertisements in local newspapers indicating our interest in
tudying risk factors for CVD in hyperglycemic patients with type 2
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160 ABBASI ET AL
iabetes mellitus. The Stanford Human Subjects Committee approved
he experimental protocol, and each volunteer gave written informed
onsent. The study was performed at the General Clinical Research
enter of Stanford University Medical Center. Thirty-one volunteers
ith type 2 diabetes, 22 men and 9 women, were studied. The main

nclusion criteria were fasting plasma glucose concentration greater
han 9.5 mmol/L on dietary therapy alone or SU monotherapy (glipi-
ide or glyburide 10 to 20 mg/day), body mass index (BMI) less than
0.0 kg/m2, and no apparent CVD. All subjects were required to have
ormal complete blood count, liver function, and serum creatinine
evel. Baseline characteristics of the 31 volunteers are shown in Table
, and it can be seen that the 2 groups were similar in terms of age, sex
istribution, BMI, and resting blood pressure. The 2 groups were also
omparable in terms of the known duration of diabetes and treatment
ith antihypertensive and lipid-lowering drugs. Although both groups
ere in poor glycemic control, the SU-treated volunteers had somewhat
igher fasting plasma glucose concentrations.
After enrollment, study participants met with a research dietitian and

ere instructed on a weight maintenance diet with similar macronutri-
nt composition. Volunteers were admitted to the General Clinical
esearch Center for baseline metabolic studies after at least 4 weeks of
lycemic stability on either diet alone or their usual SU dose. After an
ver night fast, blood samples were drawn for measurement of glucose,
emoglobin A1c (HbA1c), and lipid concentrations as described previ-
usly.4,7 In addition, low-density lipoprotein (LDL) particle size was
etermined by gradient gel electrophoresis.9 Remnant lipoprotein
RLP) particles were isolated by an immunoseparation method, and
LP cholesterol (RLP-C) concentration was quantified by determining

he cholesterol content of these particles with a highly sensitive as-
ay.10-12 Fasting blood samples were also drawn for measurement of
oluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular
ell adhesion molecule-1 (sVCAM-1), and soluble E-selectin (sE-
electin).13

In addition, from 8 AM to 4 PM, hourly measurements were made of
lasma glucose, insulin, and free fatty acid (FFA) concentrations,4,7 and
hourly measurements were made of plasma triglyceride (TG) and

LP-C concentrations. On the day these measurements were made,
atients consumed isocaloric test meals containing 15% protein, 45%
at, and 40% carbohydrate. Subjects were given breakfast at 8 AM (20%
f daily calories) and lunch at noon (40% of daily calories).
Following completion of the baseline studies, patients were given
etformin 500 mg twice per day, and seen at weekly intervals for the

ext 4 weeks, and every 2 weeks thereafter. At these visits patients
ere questioned concerning any side effects, and the dose of metformin
as gradually increased to a total of 2 g (1g twice per day). All patients

olerated this dose of metformin, except for 2 patients who were

Table 1. Baseline Characteristics of the

Characteristic Dietary Therapy

Age (yr) 58
Sex, male/female (n) 10
Body mass index (kg/m2) 29.7
Systolic blood pressure (mm Hg) 147
Diastolic blood pressure (mm Hg) 81
Known duration of diabetes (yr) 5.3
Subjects on antihypertensive therapy (n)
Subjects on lipid-lowering therapy (n)
Fasting plasma glucose (mmol/L) 12.45
HbA1c (%) 11.0

NOTE. Data are mean � SE, n, or percent.
*Twelve of the 15 SU-treated patients were receiving glipizide and
aintained on 1.5 g/d as a result of gastrointestinal symptoms. After 12 t
eeks of metformin treatment patients were readmitted to repeat all
aseline measurements.
Summary statistics are expressed as mean � SE. Baseline charac-

eristics of the 2 groups were compared using unpaired t test and
hi-square test. The effect of metformin treatment within each group
as compared using paired t test, 2-way analysis of variance

ANOVA), and Wilcoxon signed-rank test. Effect of metformin treat-
ent between groups was compared using unpaired t test and Mann-
hitney test.

RESULTS

Neither blood pressure nor weight changed significantly after
etformin treatment in either group. The effect of metformin

n glycemic control in the 2 groups is shown in Table 2. It is
pparent that both fasting plasma glucose and HbA1c concen-
rations decreased significantly (P � .01) in both groups. If
nything, the decrements in both variables were somewhat
reater in those in whom the metformin was added to the SU
ompound, and in this group the improvement in fasting plasma
lucose and HbA1c concentrations were significantly correlated
r � 0.70, P � .005).

Fasting lipid concentrations in the two experimental groups,
efore and after the addition of metformin, are also presented in
able 2. Baseline values were quite similar in the 2 groups, and
id not change significantly following the administration of met-
ormin. The only exception to this generalization was that baseline
LP-C concentrations were somewhat higher in the SU-naive
atients (P � .07), and decreased (P � .02) in association with the
dministration of metformin. It should be noted that baseline
LP-C concentrations were lower in SU-treated patients prior to

he addition of metformin, and did not change when it was added.
t was also of interest that the significant decrements in HbA1c

oncentration seen in both groups were unrelated to changes in the
ipid variables measured.

The changes in daylong plasma glucose, insulin, and FFA
oncentrations associated with metformin administration are
llustrated in Fig 1. These results demonstrate that daylong
lasma glucose and FFA concentrations fell significantly in
esponse to the administration of metformin in both groups
P � .05), whereas insulin concentrations did not change with
etformin treatment. Similar to the situation regarding treat-
ent-related decreases in fasting plasma glucose concentration,

ubjects With Type 2 Diabetes Mellitus

e (n � 16) Sulfonylurea Monotherapy* (n � 15) P

56 � 3 .69
12/3 .28

29.5 � 1.1 .91
137 � 4 .08
81 � 2 .89
4.5 � 0.6 .65

10 .35
6 .61

8 14.09 � 0.51 .03
13.1 � 0.8 .05

re receiving glyburide.
31 S

Alon

� 2
/6
� 2.3
� 4
� 2
� 1.5
8
5
� 0.4
� 0.6
he fall in the daylong postprandial glucose concentration in
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161METFORMIN TREATMENT AND CVD RISK FACTORS
atients treated with combined SU and metformin was corre-
ated with the decrease in HbA1c concentration (r � 0.80, P �
001).

Daylong plasma TG and RLP-C concentrations before and
fter metformin treatment are illustrated in Fig 2. These results
ndicate that daylong plasma concentrations of both TG and

Table 2. Effect of Metformin Trea

Variable

Metformin Monotherapy (MET) (n �

Before After*

Fasting glucose (mmol/L) 12.45 � 0.48 9.46 � 0.47
HbA1c (%) 11.0 � 0.6 9.2 � 0.5
Total cholesterol (mmol/L) 4.90 � 0.21 4.78 � 0.22
Triglycerides (mmol/L) 2.26 � 0.33 2.19 � 0.29
HDL cholesterol (mmol/L) 0.97 � 0.04 0.97 � 0.04
LDL cholesterol (mmol/L) 3.03 � 0.19 2.87 � 0.18
RLP cholesterol (mmol/L) 0.43 � 0.09 0.34 � 0.07
LDL particle diameter (Å) 253 � 2 256 � 2
Small dense LDL particle (%) 56 50

NOTE. Data are mean � SE, or percent of patients. Subjects with LDL
*Baseline variables compared with those measured after 12 weeks
†Changes in variables in the MET group compared with those in th

Fig 1. Plasma glucose, insu-

in, and free fatty acid (FFA) con-

entrations, before (■ ) and after

E) metformin treatment, mea-

ured at hourly intervals from 8

M to 4 PM. Breakfast was served

t 8 AM and lunch at 12 PM. Data
re presented as mean � SE.
LP-C were lower after the addition of metformin, and the
ecrease in the postprandial accumulation of TG-rich lipopro-
eins was similar in both groups.

Table 3 shows the effect of metformin treatment on plasma
oncentrations of sICAM-1, sVCAM-1, and sE-selectin. The
evels of each of these adhesion molecules were similar at

t on Fasting Metabolic Variables

Combined Sulfonylurea and Metformin
Therapy (SU�MET) (n � 15) MET v SU�MET†

Before After* P P

14.09 � 0.51 10.57 � 0.85 .001 .58
13.1 � 0.8 10.7 � 0.7 .002 .30
4.85 � 0.24 4.63 � 0.15 .18 .64
1.93 � 0.26 1.61 � 0.15 .13 .34
1.01 � 0.05 0.97 � 0.05 .20 .48
2.87 � 0.32 2.92 � 0.14 .71 .85
0.24 � 0.02 0.23 � 0.02 .66 .06
254 � 3 254 � 3 1.00 .28

60 60 1.00 .73

le diameter �256 Å were classified as having small dense LDL particles.
etformin treatment.
�MET group.
tmen

16)

P

�.001
�.001

.39

.65

.97

.32

.02

.10

.56

partic
of m
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162 ABBASI ET AL
aseline in the 2 groups. Although sICAM-1 and sE-selectin
evels did not change with treatment, sVCAM-1 levels were
ignificantly lower after metformin treatment in both the mono-
herapy group (484 � 19 v 446 � 18 ng/mL, P � .02) and the
ombined SU and metformin group (496 � 29 v 456 � 31
g/mL, P � .05).

DISCUSSION

Perhaps the most appropriate way to begin discussing our
esults is to make a clear statement that our findings do not
ffer an answer to the question whether or not the long-term
enefits of metformin treatment vary as a function of its use as
onotherapy versus its impact when added to a SU compound

n patients with type 2 diabetes in less than optimal glycemic
ontrol. There is no doubt that its addition will effectively
ower plasma glucose concentrations in SU-treated patients that
emain hyperglycemic, but whether or not this benefit is ren-
ered moot because all cause mortality is increased in patients
eceiving combined SU-metformin treatment can only be de-
nitively answered by a well-planned prospective, intervention

rial.
On the other hand, our findings do have some clinical rele-

ance in the context of the fact that patients with type 2

Table 3. Effect of Metformin Treatment on the C

Variable

Metformin Monotherapy (n �

Before After

sE-selectin (ng/mL) 62 � 9 59 � 9
sICAM-1 (ng/mL) 237 � 14 218 � 13
sVCAM-1 (ng/mL) 484 � 19 446 � 18
NOTE. Data are mean � SE.
iabetes are 2 to 3 times more likely to develop CVD than are
ondiabetic subjects.14 The conventional CVD risk factors
ost commonly seen in patients with type 2 diabetes include

yperglycemia, elevated TG and low high-density lipoprotein
HDL) cholesterol concentrations, and hypertension.15 It is
pparent from our results that the effect of metformin treatment
n these variables was similar in the 2 groups of patients.
pecifically, the improvement in glycemic control in patients
ith type 2 diabetes was comparable when metformin was

dministered as monotherapy, or when added to the treatment
rogram of patients poorly controlled on SU compounds alone.
urthermore, neither blood pressure nor fasting plasma lipid
oncentrations changed significantly following the administra-
ion of metformin to either experimental group. Thus, there is
o reason on the basis of these data to predict that the admin-
stration of metformin to SU-treated patients would lead to an
dverse outcome.

More recently, it has been emphasized that the conventional
isk factors evaluated above cannot entirely account for the
ncreased CVD risk in patients with type 2 diabetes.16 With this
n mind, we also compared the effect of adding metformin to
he 2 experimental groups on three additional CVD risk factors:
1) LDL particle size; (2) the postprandial accumulation of

Fig 2. Plasma triglyceride

and remnant lipoprotein choles-

terol (RLP-C) concentrations, be-

fore (■ ) and after (E) metformin

treatment, measured at 2 hourly

intervals from 8 AM to 4 PM.

Breakfast was served at 8 AM and

lunch at 12 PM. Data are pre-

sented as mean � SE.

trations of Soluble Cellular Adhesion Molecules

Combined Sulfonylurea and Metformin Therapy (n � 15)

P Before After P

.25 58 � 6 55 � 7 .67

.15 205 � 12 194 � 14 .60

.02 496 � 29 456 � 31 .05
oncen

16)



T
s
r
p
t
o
R
m
t
w
d
e
l
d
c
c
p
m

a
c
s
c
r
t
m
M
f
w
s
g
v
s
g
S
a

p
t
t
b
t

m
e
a
w
t
c
m
w
c
m
g
p
m
t
f
d
o
t
a
c
c
m
n

t
p
m
w
d
e
g
c
o
p
h
a
c
C
s
e

t
o
8

t
n
5

t
c
y

f
d
7

163METFORMIN TREATMENT AND CVD RISK FACTORS
G-rich remnant lipoproteins; and (3) plasma concentrations of
oluble cellular adhesion molecules. In 2 of these instances, the
esults have provided additional information concerning the
otential utility of metformin in decreasing CVD risk in pa-
ients with type 2 diabetes. Perhaps the most clinically relevant
f these new findings was the observation that postprandial
LP-C concentrations were lower following metformin treat-
ent. There is considerable evidence as to the atherogenicity of

he postprandial accumulation of TG-rich lipoproteins,17 and
e had previously demonstrated that postprandial lipemia was
ecreased in metformin-treated patients.18 The results in Fig 2
xtend these earlier findings and show that metformin treatment
ed to a decrease in the daylong accumulation of RLP-C as
etermined by a specific method for isolating and quantifying
hylomicron and very-low-density lipoprotein remnant parti-
les.10-12 The results in Fig 2 also show that the decrease in
ostprandial TG and RLP-C concentrations associated with
etformin treatment was seen in both experimental groups.
The second change with metformin treatment that might be

nticipated to reduce CVD risk was the decrease in the plasma
oncentration of sVCAM-1. Several publications have de-
cribed a relationship between an increase in the plasma con-
entration of soluble cellular adhesion molecules and CVD
isk.19-21 Reports have also been published demonstrating that
he plasma concentrations of one or more cellular adhesion
olecules are increased in patients with type 2 diabetes.22,23

oreover, elevated levels of sE-selectin have been shown to
all in response to aggressive treatment of hyperglycemia
ith insulin.24 To the best of our knowledge, evidence that

VCAM-1 concentrations decrease in response to improved
lycemic control with metformin treatment has not been pre-
iously reported. Again, it should be noted that the fall in
VCAM-1 concentrations was at least as pronounced in the
roup of patients in whom metformin was added to their prior
U-treatment program as in those treated with metformin
lone.

Although the discussion to this point has focused on com-
aring the effects of metformin when given as either mono-
herapy or combined with a SU compound, it seems worthwhile
o address as well the more general issue of the relationship
etween metformin treatment and CVD risk in patients with

ype 2 diabetes. In this context, metformin appears to offer m

REFEREN

4:1020-1026, 1992

p
t
1

w
f

c
t
t

g
t
3

any therapeutic advantages. In addition to its well-recognized
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