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In light of the conflicting results of the recent United Kingdom Prospective Study (UKPDS), where diabetic patients on
metformin monotherapy had lower all-cause mortality and the addition of metformin in sulfonylurea-treated patients was
associated with an increased risk of diabetes-related death, we sought to compare the effects on cardiovascular disease (CVD)
risk factors of metformin monotherapy with metformin treatment when added to a sulfonylurea compound in patients with
type 2 diabetes. Thirty-one volunteers with type 2 diabetes mellitus, 16 on dietary therapy and 15 on sulfonylurea mono-
therapy (SU), were treated with metformin for 12 weeks. Measurements were made of (1) fasting plasma glucose, hemo-
globin A,_ (HbA,,), lipid, remnant lipoprotein cholesterol (RLP-C) levels, and low-density lipoprotein (LDL) particle size; (2)
daylong plasma glucose, insulin, free fatty acid (FFA), triglyceride (TG), and RLP-C concentrations; and (3) fasting levels of
soluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular cell adhesion molecule-1 (sVCAM-1), and soluble
E-selectin (sE-selectin). Fasting plasma glucose concentrations decreased to a similar degree after treatment with metformin
in both the metformin monotherapy group (12.45 + 0.48 v9.46 = 0.47 mmol/L, P < .001) and the combined SU and metformin
therapy group (14.09 + 0.51 v 10.57 = 0.85 mmol/L, P = .001). Fasting plasma lipid concentrations and LDL particle size did
not significantly change in either treatment group, whereas fasting RLP-C concentrations were significantly lower in the
metformin monotherapy group (0.43 + 0.09 v 0.34 = 0.07 mmol/L, P = .02). Daylong concentrations of plasma glucose, FFA,
TG, and RLP-C were lower to a similar degree in both treatment groups, whereas daylong plasma insulin concentrations were
unchanged. Fasting plasma sVCAM-1 levels were significantly lower in both the metformin monotherapy group (484 + 19 v
446 = 18 ng/mL, P = .02) and the combined SU and metformin therapy group (496 = 29 v 456 + 31 ng/mL, P = .05), whereas
fasting plasma sICAM-1 and sE-selectin levels were essentially unchanged. Administration of metformin, either as mono-
therapy or in combination with a sulfonylurea drug, improved glycemic control and led to a decrease in several CVD risk

factors in patients with type 2 diabetes.
© 2004 Elsevier Inc. All rights reserved.

ESULTS OF a substudy analysis of the United Kingdom

Prospective Study (UKPDS) demonstrated that im-
proved glycemic control in overweight patients treated with
metformin alone was associated with a decreased risk of com-
bined diabetes-related end points, all-cause deaths, and myo-
cardia infarction compared with the conventionally treated
patients.r However, the same analysisindicated that addition of
metformin in sulfonylurea (SU)-treated patients was associated
with an increased risk of diabetes-related death and all-cause
death compared with those continued on SU aone. The
UKPDS investigators addressed this apparent paradox by
pointing out that patients receiving combined SU and met-
formin were older, with worse glycemic control, less over-
weight, and were monitored for a shorter period. In addition,
they indicated that the reported differences in outcome were
based on a relatively small number of end points, and that an
epidemiological analysis of the entire UKPDS population did
not find an association of diabetes-related deaths with com-
bined SU and metformin therapy.

Since the publication of these findings, 2 epidemiological
studies have shown increased mortality in patients with type 2
diabetes treated with combined SU and metformin as compared
with metformin monotherapy.23 However, the diabetes in the
patients receiving combined treatment with SU and metformin
in these studies was of longer duration and the glycemia less
well controlled. Thus, it seemed possible that these differences
might have contributed to the increased mortality in those
patients receiving combined SU and metformin, as differenti-
ated from an adverse effect of adding metformin to patients
being treated with SU compounds.

Adding metformin to the treatment program of patients with
type 2 diabetes who remain hyperglycemic despite treatment
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with a SU compound has been clearly shown to be effective47
and the results of the UKPDS have demonstrated how impor-
tant it is to obtain glycemic control in patients with type 2
diabetes.18 The present study is an attempt to respond to
questions that have been raised concerning the safety of ad-
ministering metformin to patients who are in poor glycemic
control on SU treatment. For this purpose, we compared the
metabolic effects of initiating treatment with metformin in 2
groups of volunteers with type 2 diabetes in relatively poor
glycemic control, matched for other relevant clinical variables,
but differing in that one group was not receiving any antihy-
perglycemic agent, while the other was treated with a SU drug.
In particular, we assessed the impact of metformin treatment on
multiple cardiovascular disease (CVD) risk factors in these 2
patient groups.

MATERIALS AND METHODS

The study participants were recruited from the San Francisco Bay
area by advertisements in local newspapers indicating our interest in
studying risk factors for CVD in hyperglycemic patients with type 2
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Table 1. Baseline Characteristics of the 31 Subjects With Type 2 Diabetes Mellitus

Characteristic Dietary Therapy Alone (n = 16) Sulfonylurea Monotherapy* (n = 15) P
Age (yr) 58 + 2 56 + 3 .69
Sex, male/female (n) 10/6 12/3 .28
Body mass index (kg/m?) 29.7 + 2.3 295+ 1.1 91
Systolic blood pressure (mm Hg) 147 + 4 137 + 4 .08
Diastolic blood pressure (mm Hg) 81=+2 812 .89
Known duration of diabetes (yr) 53+ 156 45+ 0.6 .65
Subjects on antihypertensive therapy (n) 10 .35
Subjects on lipid-lowering therapy (n) 6 .61
Fasting plasma glucose (mmol/L) 12.45 + 0.48 14.09 + 0.51 .03
HbA, . (%) 11.0 = 0.6 13.1 £ 0.8 .05

NOTE. Data are mean = SE, n, or percent.

*Twelve of the 15 SU-treated patients were receiving glipizide and 3 were receiving glyburide.

diabetes mellitus. The Stanford Human Subjects Committee approved
the experimental protocol, and each volunteer gave written informed
consent. The study was performed at the General Clinical Research
Center of Stanford University Medical Center. Thirty-one volunteers
with type 2 diabetes, 22 men and 9 women, were studied. The main
inclusion criteria were fasting plasma glucose concentration greater
than 9.5 mmol/L on dietary therapy alone or SU monotherapy (glipi-
zide or glyburide 10 to 20 mg/day), body mass index (BMI) less than
40.0 kg/m?, and no apparent CVD. All subjects were required to have
normal complete blood count, liver function, and serum creatinine
level. Baseline characteristics of the 31 volunteers are shown in Table
1, and it can be seen that the 2 groups were similar in terms of age, sex
distribution, BMI, and resting blood pressure. The 2 groups were aso
comparable in terms of the known duration of diabetes and treatment
with antihypertensive and lipid-lowering drugs. Although both groups
werein poor glycemic control, the SU-treated volunteers had somewhat
higher fasting plasma glucose concentrations.

After enrollment, study participants met with aresearch dietitian and
were instructed on a weight maintenance diet with similar macronutri-
ent composition. Volunteers were admitted to the Genera Clinical
Research Center for baseline metabolic studies after at least 4 weeks of
glycemic stability on either diet alone or their usual SU dose. After an
over night fast, blood samples were drawn for measurement of glucose,
hemoglobin A, (HbA,.), and lipid concentrations as described previ-
ously.#7 In addition, low-density lipoprotein (LDL) particle size was
determined by gradient gel electrophoresis.® Remnant lipoprotein
(RLP) particles were isolated by an immunoseparation method, and
RLP cholesterol (RLP-C) concentration was quantified by determining
the cholesterol content of these particles with a highly sensitive as-
say.10-12 Fasting blood samples were also drawn for measurement of
soluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular
cell adhesion molecule-1 (sVCAM-1), and soluble E-selectin (SE-
selectin).13

In addition, from 8 am to 4 pm, hourly measurements were made of
plasmaglucose, insulin, and free fatty acid (FFA) concentrations,*? and
2 hourly measurements were made of plasma triglyceride (TG) and
RLP-C concentrations. On the day these measurements were made,
patients consumed isocaloric test meals containing 15% protein, 45%
fat, and 40% carbohydrate. Subjects were given breakfast at 8 Am (20%
of daily calories) and lunch at noon (40% of daily calories).

Following completion of the baseline studies, patients were given
metformin 500 mg twice per day, and seen at weekly intervals for the
next 4 weeks, and every 2 weeks thereafter. At these visits patients
were questioned concerning any side effects, and the dose of metformin
was gradually increased to atotal of 2 g (1g twice per day). All patients
tolerated this dose of metformin, except for 2 patients who were
maintained on 1.5 g/d as aresult of gastrointestinal symptoms. After 12

weeks of metformin treatment patients were readmitted to repeat al
baseline measurements.

Summary statistics are expressed as mean = SE. Baseline charac-
teristics of the 2 groups were compared using unpaired t test and
chi-sgquare test. The effect of metformin treatment within each group
was compared using paired t test, 2-way anaysis of variance
(ANOVA), and Wilcoxon signed-rank test. Effect of metformin treat-
ment between groups was compared using unpaired t test and Mann-
Whitney test.

RESULTS

Neither blood pressure nor weight changed significantly after
metformin treatment in either group. The effect of metformin
on glycemic control in the 2 groups is shown in Table 2. It is
apparent that both fasting plasma glucose and HbA . concen-
trations decreased significantly (P < .01) in both groups. If
anything, the decrements in both variables were somewhat
greater in those in whom the metformin was added to the SU
compound, and in this group the improvement in fasting plasma
glucose and HbA ;. concentrations were significantly correlated
(r = 0.70, P = .005).

Fadting lipid concentrations in the two experimental groups,
before and after the addition of metformin, are also presented in
Table 2. Basdline vaues were quite similar in the 2 groups, and
did not change significantly following the administration of met-
formin. The only exception to this generalization was that basdline
RLP-C concentrations were somewhat higher in the SU-naive
patients (P = .07), and decreased (P = .02) in association with the
administration of metformin. It should be noted that basdline
RLP-C concentrations were lower in SU-treated patients prior to
the addition of metformin, and did not change when it was added.
It was also of interest thet the significant decrements in HbA .
concentration seen in both groups were unrelated to changesin the
lipid variables measured.

The changes in daylong plasma glucose, insulin, and FFA
concentrations associated with metformin administration are
illustrated in Fig 1. These results demonstrate that daylong
plasma glucose and FFA concentrations fell significantly in
response to the administration of metformin in both groups
(P < .05), whereas insulin concentrations did not change with
metformin treatment. Similar to the situation regarding treat-
ment-related decreases in fasting plasma glucose concentration,
the fall in the daylong postprandial glucose concentration in
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Table 2. Effect of Metformin Treatment on Fasting Metabolic Variables

Metformin Monotherapy (MET) (n = 16)

Combined Sulfonylurea and Metformin

Therapy (SU+MET) (n = 15) MET v SU+METt

Variable Before After* P Before After* P P
Fasting glucose (mmol/L) 12.45 + 0.48 9.46 = 0.47 <.001 14.09 + 0.51 10.57 = 0.85 .001 .68
HbA; . (%) 11.0 = 0.6 9.2+ 05 <.001 13.1 = 0.8 10.7 = 0.7 .002 .30
Total cholesterol (mmol/L) 4.90 = 0.21 4.78 = 0.22 .39 4.85 = 0.24 4.63 = 0.15 .18 .64
Triglycerides (mmol/L) 2.26 = 0.33 2.19 = 0.29 .65 1.93 = 0.26 1.61 = 0.15 13 .34
HDL cholesterol (mmol/L) 0.97 = 0.04 0.97 = 0.04 .97 1.01 = 0.05 0.97 = 0.05 .20 .48
LDL cholesterol (mmol/L) 3.03 = 0.19 2.87 £ 0.18 .32 2.87 £ 0.32 2.92 £0.14 71 .85
RLP cholesterol (mmol/L) 0.43 = 0.09 0.34 = 0.07 .02 0.24 = 0.02 0.23 = 0.02 .66 .06
LDL particle diameter (A) 253 *+ 2 256 *+ 2 .10 254 + 3 254 + 3 1.00 .28
Small dense LDL particle (%) 56 50 .56 60 60 1.00 73

NOTE. Data are mean + SE, or percent of patients. Subjects with LDL particle diameter <256 A were classified as having small dense LDL particles.
*Baseline variables compared with those measured after 12 weeks of metformin treatment.
tChanges in variables in the MET group compared with those in the SU+MET group.

patients treated with combined SU and metformin was corre-
lated with the decrease in HbA . concentration (r = 0.80, P =
.001).

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

RLP-C were lower after the addition of metformin, and the
decrease in the postprandia accumulation of TG-rich lipopro-
teins was similar in both groups.

Table 3 shows the effect of metformin treatment on plasma
concentrations of sSICAM-1, sVCAM-1, and sE-selectin. The
levels of each of these adhesion molecules were similar at
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baseline in the 2 groups. Although sICAM-1 and sE-selectin
levels did not change with treatment, SVCAM-1 levels were
significantly lower after metformin treatment in both the mono-
therapy group (484 + 19 v 446 = 18 ng/mL, P = .02) and the
combined SU and metformin group (496 = 29 v 456 = 31
ng/mL, P = .05).

DISCUSSION

Perhaps the most appropriate way to begin discussing our
results is to make a clear statement that our findings do not
offer an answer to the question whether or not the long-term
benefits of metformin treatment vary as a function of its use as
monotherapy versus its impact when added to a SU compound
in patients with type 2 diabetes in less than optimal glycemic
control. There is no doubt that its addition will effectively
lower plasma glucose concentrations in SU-treated patients that
remain hyperglycemic, but whether or not this benefit is ren-
dered moot because all cause mortality is increased in patients
receiving combined SU-metformin treatment can only be de-
finitively answered by a well-planned prospective, intervention
trial.

On the other hand, our findings do have some clinical rele-
vance in the context of the fact that patients with type 2

10am ) 12pm 2pm 4pm lunch at 12 em. Data are pre-
Time of Day sented as mean * SE.

diabetes are 2 to 3 times more likely to develop CVD than are
nondiabetic subjects.’4 The conventional CVD risk factors
most commonly seen in patients with type 2 diabetes include
hyperglycemia, elevated TG and low high-density lipoprotein
(HDL) cholesterol concentrations, and hypertension.’s It is
apparent from our results that the effect of metformin treatment
on these variables was similar in the 2 groups of patients.
Specifically, the improvement in glycemic control in patients
with type 2 diabetes was comparable when metformin was
administered as monotherapy, or when added to the treatment
program of patients poorly controlled on SU compounds alone.
Furthermore, neither blood pressure nor fasting plasma lipid
concentrations changed significantly following the administra-
tion of metformin to either experimental group. Thus, there is
no reason on the basis of these data to predict that the admin-
istration of metformin to SU-treated patients would lead to an
adverse outcome.

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

Table 3. Effect of Metformin Treatment on the Concentrations of Soluble Cellular Adhesion Molecules

Metformin Monotherapy (n = 16)

Combined Sulfonylurea and Metformin Therapy (n = 15)

Variable Before After P Before After P
sE-selectin (ng/mL) 62=*9 59 +9 .25 58 + 6 55 +7 .67
sICAM-1 (ng/mL) 237 =14 218 £ 13 .15 205 £ 12 194 = 14 .60
sVCAM-1 (ng/mL) 484 = 19 446 = 18 .02 496 + 29 456 + 31 .05

NOTE. Data are mean = SE.
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TG-rich remnant lipoproteins; and (3) plasma concentrations of
soluble cellular adhesion molecules. In 2 of these instances, the
results have provided additiona information concerning the
potential utility of metformin in decreasing CVD risk in pa
tients with type 2 diabetes. Perhaps the most clinically relevant
of these new findings was the observation that postprandia
RLP-C concentrations were lower following metformin treat-
ment. There is considerable evidence as to the atherogenicity of
the postprandial accumulation of TG-rich lipoproteins,*” and
we had previously demonstrated that postprandia lipemia was
decreased in metformin-treated patients.’® The resultsin Fig 2
extend these earlier findings and show that metformin treatment
led to a decrease in the daylong accumulation of RLP-C as
determined by a specific method for isolating and quantifying
chylomicron and very-low-density lipoprotein remnant parti-
cles.10-12 The results in Fig 2 aso show that the decrease in
postprandial TG and RLP-C concentrations associated with
metformin treatment was seen in both experimental groups.

The second change with metformin treatment that might be
anticipated to reduce CVD risk was the decrease in the plasma
concentration of sVCAM-1. Several publications have de-
scribed a relationship between an increase in the plasma con-
centration of soluble cellular adhesion molecules and CVD
risk.19-21 Reports have also been published demonstrating that
the plasma concentrations of one or more cellular adhesion
molecules are increased in patients with type 2 diabetes.22.23
Moreover, elevated levels of sE-selectin have been shown to
fall in response to aggressive treatment of hyperglycemia
with insulin.24 To the best of our knowledge, evidence that
sVCAM-1 concentrations decrease in response to improved
glycemic control with metformin treatment has not been pre-
viously reported. Again, it should be noted that the fall in
SVCAM-1 concentrations was at least as pronounced in the
group of patients in whom metformin was added to their prior
SU-treatment program as in those treated with metformin
alone.

Although the discussion to this point has focused on com-
paring the effects of metformin when given as either mono-
therapy or combined with a SU compound, it seems worthwhile
to address as well the more general issue of the relationship
between metformin treatment and CVD risk in patients with
type 2 diabetes. In this context, metformin appears to offer
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many therapeutic advantages. In addition to its well-recognized
effectiveness as an antihyperglycemic agent, metformin has the
additional benefit of being the drug associated with the least
weight gain when glycemic control isimproved in patients with
type 2 diabetes. If the recent finding that plasma insulin con-
centrations predict CVD in type 2 diabetes?> is confirmed,
metformin has the advantage of improving glycemic control
without increasing plasma insulin concentrations.” Given re-
cent evidence that chronic elevations in FFA concentrations
may predict increased risk of CVD26 as well as downregulate
glucose-stimulated insulin secretion,?” the fact that daylong
plasma FFA concentrations decrease following metformin ad-
ministration? is of considerable interest. Thereis also evidence
that endothelial-dependent vasodilation improves in met-
formin-treated patients,28 a finding consistent with the present
demonstration of a decrease in sVCAM-1 concentrations and
our previous finding that asymmetric dimethylarginine concen-
trations fall in response to metformin treatment.2® Finaly,
athough we could not demonstrate any change in fasting lipid
concentrations, the decrease in postprandial TG and RLP-C
concentrations in the current study shows that metformin treat-
ment can also decrease CVD risk factors associated with ab-
normal lipoprotein metabolism.

In conclusion, we have attempted to evaluate the hypothesis
that the adverse outcomes that have been reported to occur in
patients with type 2 diabetes treated with combined SU and
metformin, as compared to metformin aone, -3 were due to
worsening of multiple CVD risk factors. The results presented
do not support this hypothesis. Not only were the metabolic
effects of metformin comparable, when used as sole antihyper-
glycemic agent or in combination with a SU compound, the
clinical benefits were considerable in both instances. On the
other hand, it should be pointed out that 12 of the 15 SU-treated
patients were receiving glipizide, and similar results might not
have been achieved with other compoundsin thisclass. Finally,
as emphasized at the outset of the discussion, the fact that we
could not discern any evidence of an adverse effect on severd
CVD risk of the use of combined SU and metformin treatment,
should not be extrapolated to imply that these results negate the
epidemiological evidence suggesting that all cause mortality
may be increased in patients treated in this manner.

REFERENCES

1. UK Prospective Diabetes Study (UKPDS) Group: Effect of in-
tensive blood-glucose control with metformin on complications in
overweight patients with type 2 diabetes (UKPDS 34). Lancet 352:854-
865, 1998

2. Olsson J, Lindberg G, Gottsater M, et a: Increased mortality in
type |1 diabetic patients using sulphonylurea and metformin in combi-
nation: A population-based observational study. Diabetologia 43:558-
560, 2000

3. Fisman EZ, Tenenbaum A, Boyko V, et a: Ora anti-diabetic
treatment in patients with coronary artery disease: Time-related in-
creased mortality on combined glyburide/metformin therapy over a7.7
year follow-up. Clin Cardiol 24:151-158, 2001

4. Reaven GM, Johnston P, Hollenbeck CB, et a: Combined met-
formin-sulfonylurea treatment of patients with noninsulin-dependent
diabetes in fair to poor glycemic control. J Clin Endocrinol Metab
74:1020-1026, 1992

5. Hermann LS, Schersten B, Bitzen PO, et a: Therapeutic com-
parison of metformin and sulfonylurea, alone and in various combina-
tions. A double-blind controlled study. Diabetes Care 17:1100-1109,
1994

6. DeFronzo RA, Goodman AM: Efficacy of metformin in patients
with non-insulin-dependent diabetes mellitus. The Multicenter Met-
formin Study Group. N Engl J Med 333:541-549, 1995

7. Abbasi F, Kamath V, Rizvi AA, et a: Results of a placebo-
controlled study of the metabolic effects of the addition of metformin
to sulfonylurea-treated patients. Evidence for a central role of adipose
tissue. Diabetes Care 20:1863-1869, 1997

8. UK Prospective Diabetes Study (UKPDS) Group: Association of
glycaemia with macrovascular and microvascular complications of
type 2 diabetes (UKPDS 35): Prospective observational study. BMJ
321:405-412, 2000

9. Krauss RM, Burke DJ; Identification of multiple subclasses of



164

plasma low density lipoproteins in normal humans. J Lipid Res 23:97-
104, 1982

10. Leary ET, Wang T, Baker DJ, et a: Evauation of an immu-
noseparation method for quantitative measurement of remnant-like
particle-cholesteral in serum and plasma Clin Chem 44:2490-2498,
1988

11. Ai M, Tanaka A, Ogita K, et a: Relationship between hyperin-
sulinemia and remnant lipoprotein concentrations in patients with im-
paired glucose tolerance. J Clin Endocrinol Metab 85:3557-3560, 2000

12. Abbas F, McLaughlin T, Lamendola C, et al: Fasting remnant
lipoprotein cholesterol and triglyceride concentrations are elevated in
nondiabetic, insulin-resistant, female volunteers. J Clin Endocrinol
Metab 84:3903-3906, 1999

13. Chen NG, Holmes M, Reaven GM: Relationship between insu-
lin resistance, soluble adhesion molecules, and mononuclear cell bind-
ing in healthy volunteers. J Clin Endocrinol Metab 84:3485-3489, 1999

14. Haffner SM, Lehto S, Rénnemaa T, et a: Mortality from coro-
nary heart disease in subjects with type 2 diabetes and in nondiabetic
subjects with and without prior myocardia infarction. N Engl J Med
339:229-234, 1998

15. Turner RC, Millns H, Neil HA, et a: Risk factors for coronary
heart disease in non-insulin dependent diabetes mellitus: United King-
dom prospective study (UKPDS: 23). BMJ 316:823-828, 1998

16. Hayden JM, Reaven PD: Cardiovascular disease in diabetes
mellitus type 2: A potential role for novel cardiovascular risk factors.
Curr Opin Lipidol 11:519-528, 2000

17. Zilversmit DB: Atherogenesis. A postprandia phenonmenon.
Circulation 60:473-485, 1979

18. Jeppesen J, Zhou MY, Chen YD, et al: Effect of metformin on
postprandial lipemia in patients with fairly to poorly controlled
NIDDM. Diabetes Care 17:1093-1099, 1994

19. Cappuccio FP, Miller MA: Soluble adhesion molecules and
coronary heart disease. Lancet 359:526-527, 2002

20. Hwang SJ, Balantyne CM, Sharrett AR, et al: Circulating
adhesion molecules VCAM-1, ICAM-1, and E-selectin in carotid ath-

ABBASI ET AL

erosclerosis and incident coronary heart disease cases: The Atheroscle-
rosis Risk In Communities (ARIC) study. Circulation 96:4219-4225,
1997

21. Ridker PM, Hennekens CH, Roitman-Johnson B, et a: Plasma
concentration of soluble intercellular adhesion molecule 1 and risks of
future myocardial infarction in apparently healthy men. Lancet 351:
88-92, 1998

22. Matsumoto K, Sera 'Y, NakamuraH, et al: Serum concentrations
of soluble adhesion molecules are related to degree of hyperglycemia
and insulin resistance in patients with type 2 diabetes mellitus. Diabetes
Res Clin Pract 55:131-138, 2002

23. Lim SC, Caballero AE, Smakowski P, et al: Solubleintercellular
adhesion molecule, vascular cell adhesion molecule, and impaired
microvascular reactivity are early markers of vasculopathy in type 2
diabetic individuals without microalbuminuria. Diabetes Care 22:1865-
1870, 1999

24. Ryysy L, Yki-Jarvinen H: Improvement of glycemic control by
1 year of insulin therapy leads to a sustained decrease in sE-selectin
concentrations in type 2 diabetes. Diabetes Care 24:549-554, 2001

25. Kuusisto J, Lempiainen P, Mykkanen L, et a: Insulin resistance
syndrome predicts coronary heart disease events in elderly type 2
diabetic men. Diabetes Care 24:1629-1633, 2001

26. Pirro M, Mauriege P, Tchernof A, et a: Plasma free fatty acid
levels and the risk of ischemic heart disease in men: Prospective results
from the Quebec Cardiovascular Study. Atherosclerosis 160:377-384,
2002

27. Paolisso G, Howard BV: Role of non-esterified fatty acidsin the
pathogenesis of type 2 diabetes mellitus. Diabet Med 15:360-366, 1998

28. Mather KJ, Verma S, Anderson TJ: Improved endothelial func-
tion with metformin in type 2 diabetes mellitus. J Am Coll Cardiol
37:1344-1350, 2001

29. Asagami T, Abbasi F, Stuelinger M, et a: Metformin treatment
lowers asymmetric dimethylarginine concentrations in patients with
type 2 diabetes. Metabolism 51:843-846, 2002



	Effect of Metformin Treatment on Multiple Cardiovascular Disease Risk Factors in Patients With Type 2 Diabetes Mellitus
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


