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The objective of this study was to examine the effect of
the antihyperglycemic agents metformin (insulin sensi-
tizer) and glibenclamide (insulin secretory agent) on
the serum level of C-reactive protein (CRP) in well-con-
trolled type 2 diabetics with metabolic syndrome. The
participants were diabetic patients being followed in
the medical outpatient clinic of King Abdulaziz Uni-
versity Hospital. The inclusion criteria were type 2 dia-
betics with the metabolic syndrome, well-controlled
blood glucose on metformin alone or glibenclamide
alone, and exclusion of major medical illness. Patients
were divided into two groups according to the antihyper-
glycemic agent used. CRP level was measured 4-wk apart
and the mean was calculated. The following data were
collected from the study groups: age, sex, body mass
index (BMI), duration of diabetes, smoking history, pres-
ence of hypertension, hyperlipidemia, and mean CRP
level. A total of 110 patients were studied, 65 using
metformin and 45 using glibenclamide. CRP level was
significantly lower in patients using metformin for blood
glucose control compared with those using glibencla-
mide, 5.56 and 8.3 mg/L, respectively (p = 0.01). A sig-
nificantly higher level was observed in hypertensive
and hyperlipidemic patients compared with normoten-
sive and normolipidemic, 5.3 vs 3.2 mg/L and 7.1 vs 4.3
mg/L, respectively (p = 0.02, 0.01). There was a statisti-
cally significant correlation between CRP and BMI (r =
0.37) and age (r = 0.36) (all p = 0.01). The data showed
that metformin decreases the level of circulating CRP,
a marker of inflammation, more than glibenclamide.
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Introduction

Diabetic individuals have a two- to fivefold increased

risk of developing angina, myocardial infarction, and con-

gestive heart failure (1). A predominant complication of

type 2 diabetes is accelerated development of atheroscle-

rosis. Traditional risk factors, including hypertension, ele-

vated plasma triglyceride, and low high-density lipoprotein

(HDL) cholesterol level, only partly explain the excess risk

of developing atherosclerosis in type 2 diabetics (2,3). It

has become increasingly evident that atherosclerosis is a

very complex event with multiple etiologies and mecha-

nisms. There is increasing appreciation of less widely rec-

ognized (nontraditional) risk factors, including C-reactive

protein (CRP); plasma activator inhibitor-1; fibrinogen;

and small, dense low-density lipoprotein (LDL), that may

contribute to these events or at least reflect the activity of

these processes. It has been recognized that type 2 diabetes

is associated with increased prevalence of several traditional

risk factors, which may result, in part, because of insulin

resistance (2,4,5). It is now apparent also that many nontra-

ditional risk factors may be part of the insulin resistance syn-

drome (metabolic syndrome) (6–10). There is clear evidence

that metabolic syndrome is associated with greatly increased

risk of coronary heart disease (CHD) (11,12). It would seem

logical that reduction of these risk factors (traditional and

nontraditional) may result in inhibition of atherosclerosis

and reduction of CHD risk in diabetics. It remains unclear

whether lowering glucose, a fundamental component of

diabetic therapy, is an effective method to reduce the inci-

dence or progression of CHD in type 2 diabetics (13,14).

It is becoming increasingly important to study the effect

of diabetic medications on the levels of traditional and

nontraditional risk factors. In 2002, a study conducted by

Chu et al. (15) suggested that both metformin and troglita-

zon have beneficial effects on several traditional and non-

traditional cardiovascular risk factors. Several studies have

demonstrated that the thiazolidinedione class of medica-

tion can have a favorable effect on coagulation/fibrinolysis

factors, LDL particle size, and CRP (16,17). A recent study

by Minamikawa et al. (18) showed that troglitazon success-

fully reduces carotid arterial wall thickness in patients with
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type 2 diabetes. In a randomized crossover study by Yudkin

et al. (19), 16 wk of treatment with insulin resulted in reduc-

tion of CRP level.

Sulfonylurea and biguanide metformin are the oldest and

most commonly used class of oral hypoglycemic drugs (20,

21). The aim of the present work was to compare the effect

of these two antidiabetic medications with different mecha-

nisms of action, metformin (insulin sensitizing agent) and

glibenclamide (insulin secretory agent), on CRP level (one

of the nontraditional risk factors) in patients with type 2

diabetes and metabolic syndrome. Patients with metabolic

syndrome were chosen to ensure the presence of insulin re-

sistance and a high level of CRP. To ensure that differences

in the level of CRP resulting from these therapies were not

a consequence of dissimilar glycemic control, the study

was conducted on subjects with reasonably well-controlled

blood glucose.

Results

A total of 110 patients fulfilled the inclusion criteria.

Sixty-five were taking metformin (group 1) and 45 taking

glibenclamide (group 2). The duration of use was 3.5 ± 2.1

yr for metformin and 4.2 ± 2.3 yr for glibenclamide. As

shown in Table 1, mean CRP was significantly lower in

patients using metformin for blood glucose control com-

pared with those using glibenclamide. There was a statis-

tically significant positive correlation (p = 0.01) between

CRP level and BMI (r = 0.37) and also between CRP level

and age (r = 0.36). Mean CRP was significantly higher in

hypertensive compared with normotensive patients, 5.3 ±

1 vs 3.2 ± 1.2 mg/L (p = 0.02) and in hyperlipidemic com-

pared with normolipidemic patients, 7.1 ± 0.3 vs 4.3 ± 1.2

mg/L (p = 0.01). A statistically significant sex difference was

observed in the mean CRP level, being higher in females com-

pared with males: 7.1 ± 1.5 vs 4.9 ± 1.1 mg/L (p = 0.002).

Discussion

The present study has shown that patients taking met-

formin have a lower CRP level compared with those tak-

ing glibenclamide. CRP is an acute-phase protein produced

in response to a wide range of stimuli including infection,

inflammation, and injury (22). It has previously been shown

that CRP is higher in patients with diabetes or glucose in-

tolerance than in control subjects (23). In a study conducted

by Pickup et al. (24), CRP was higher in 19 patients with

noninsulin-dependent diabetes (NIDD) and syndrome-X

than in patients with NIDD without syndrome-X. Cluster-

ing of cardiovascular risk factors such as hypertension, dys-

lipidemia, obesity, and glucose intolerance had been given

several names including syndrome-X, metabolic syndrome,

the deadly quarter, and insulin resistance syndrome (25,26).

According to the World Health Organization (WHO) defi-

nition of the metabolic syndrome (MS) proposed in 1998

(27), insulin resistance as measured by the homeostasis

model assessment (HOMA) was not included as a compo-

nent of the syndrome because insulin resistance is seen in

~90% of patients with type 2 diabetes and the prevalence of

the MS did not change much when insulin resistance was

included as a component (28).

The present study showed a strong positive correlation

between CRP level and BMI, hypertension, and dyslipide-

mia. The Cardiovascular Health Study (29) showed a sig-

nificant positive correlation between CRP and BMI,

triglyceride (TG), and uric acid and a negative correlation

with HDL cholesterol. Haverkate et al. (30) and others (31–

33) have also shown that CRP level increased significantly

with BMI and blood pressure.

There is clear evidence that increased CRP is an inde-

pendent risk factor for CHD (30,31,34,35). This might be

explained by its proatherogenic and prothrombotic action

(36), its capacity to stimulate tissue factor production by

macrophage (37), and its interaction with LDL (38). Inter-

estingly, we observed a higher level of CRP in females

compared with males, which was also observed by Frohlich

et al. (32). This may explain the high risk of CHD in female

diabetics noticed in other studies (39–43). A strong corre-

lation was also observed between CRP and age, which is in

agreement with others finding (44). Both groups in the pres-

ent study had fairly controlled blood glucose, which suggests

that the different effects on CRP level detected between

metformin and glibenclamide are not related to a difference

in glucose control.

Metformin is an insulin-sensitizing agent. It increases

insulin-mediated glucose disposal and decreases hepatic glu-

cose output. As noted earlier, many cardiovascular risk fac-

tors (traditional and nontraditional) are modulated by insulin

resistance and are frequently elevated in insulin resistance

Table 1

Distribution of Variables

in Patients Using Metformin and Glibenclamidea

Group 1 Group 2

(n = 65) (n = 45) P value

Age (yr) (mean ± SD) 51 ± 6 52.4 ± 9 0.3

Sex (F:M) 43:22 (2:1) 28:17 (1.6:1) 0.5

Duration of diabetes (yr) 4.5 ± 2.9 5 ± 2.2 0.4

(mean ± SD)

BMI (kg/m2) 29 ± 3.8 30.8 ± 6.3 0.3

(mean ± SD)

CRP (mg/L) 5.56 ± 1.5 8.3 ± 1.4 0.01

(mean ± SD)

Hypertension (n [%]) 24 (37) 18 (40) 0.3

Hyperlipidemia (n [%]) 30 (46) 21 (48) 0.4

Smoking (n [%]) 25 (38) 18 (40) 0.6

aGroup 1 = diabetics using metformin; Group 2 = diabetics

using glibenclamide.
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syndrome (4,15,45–47). Agents that substantially improve

insulin resistance such as metformin may therefore prove

more useful in reducing levels of these factors. In the UK

Prospective Diabetes Study, it was shown that metformin

used as monotherapy in obese subjects was associated with

a significant decrease in diabetes-related deaths and all-

cause mortality by 42 and 36%, respectively (48). The cur-

rent study showed that metformin seemed to have a greater

effect on CRP level than did glibenclamide. The difference

between diabetic agents may have important implications in

the progression of atherosclerosis and development of car-

diovascular events. Further long-term studies are needed

on this important issue.

Materials and Methods

Subjects

King Abdulaziz University Hospital is a teaching hospi-

tal in Jeddah, the western province of Saudi Arabia. Diabe-

tic patients being followed in the medical outpatient clinic

were studied. Those who fulfilled the following criteria

were selected:

1. Type 2 diabetics with the MS—defined according to the WHO

criteria (22) as a person with type 2 diabetes who fulfills two

of the following criteria: hypertension (if the patient is known

to have hypertension or his or her blood pressure is >160

mmHg systolic and >90 mmHg diastolic), dyslipidemia

(elevated TG >1.7 mmol/L and/or low HDL: <0.9 mmol/L

in men and <1.0 mmol/L in women), obesity (BMI > 30 kg/

m2 and/or high waist hip ratio of >0.9 in men and >0.85 in

women), and microalbuminuria [urinary albumin excretion

ratio (AER) >20 µg/min]).

2. Well-controlled blood glucose (glycated hemoglobin <8%

on two consecutive occasions) while taking metformin alone

or glibenclamide alone.

3. No clinical evidence of acute diabetic complications or major

medical illness (e.g., myocardial infarction, heart failure,

infection, recent intensive care admission, or injury).

Patients taking antihypertensive or lipid-lowering medi-

cations were maintained on stable doses of these medica-

tions during the study. All subjects provided informed con-

sent before participation. Patients were divided into two

groups according to the antihyperglycemic agents used, either

metformin alone or glibenclamide alone. CRP was mea-

sured on two separate occasions 4 wk apart and the mean

was calculated. Quantitative determination of CRP was done

by means of particle enhanced immunoephelometry. The

following data were collected from the study groups: age;

sex; BMI (calculated by weight in kilograms divided by the

height in square meters); duration of diabetes; smoking his-

tory; presence of hypertension, hyperlipidemia, and obesity

according to the WHO criteria mentioned before; duration

of metformin and glibenclamide use; and mean CRP level.

The two groups were compared regarding age, sex, BMI,

hypertension, hyperlipidemia, and mean CRP level.

Statistical Analyses

Statistical analysis was done using SPSS 9.1. �2 was used

to analyze group difference for categorical variables. For

continuous variable, student’s t-test was used when com-

paring two groups. Spearman correlation analysis was per-

formed for comparison of values for CRP, age, and BMI.

p < 0.05 was considered significant.
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