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ABSTRACT 

Introduction: Management of hyperglycemia in 
type2 diabetes mellitus (T2DM) becomes the top 
priority. When single antidiabetic drug is inef-
fective, combination is required for good gly-
cemic control. There is a dearth of studies that 
provide head to head comparison of the ability 
of combinations and therefore need further 
study. Objectives: To assess and compare the 
glycemic control and physical parameter alter-
ing effect of glibenclamide, glibenclamide & Pio- 
glitazone, glibenclamide & metformin in T2DM. 
Methods and materials: 100 T2DM patients were 
selected from outpatients department of medi-
cine following prefixed inclusion and exclusion 
criteria. Fasting and postprandial blood glucose 
(fbg & ppbg) and physical parameters (waist, hip 
and thigh circumference) were measured before 
and after treatment with study drugs and ad-
verse effects of these drugs were recorded. Data 
were analyzed by employing paired t-test and 
chi-square test. Results: 11 patients lost the 
follow up. A some total of 89 middle aged, pre-
dominantly male, non obese T2DM patients after 
exposure to the study drugs showed significant 
(p < 0.05) reduction of blood glucose from base-
line. Reduction of blood glucose and waist:hip 
ratio were observed significantly (p < 0.05) more 
with glibenclamide and metformin combination 
with some tolerable side effects. Discussion: 
Metformin and Pioglitazone both are insulin 
sensitizer but metformin & glibenclamide com-
bination showed significantly (p < 0.001) more 
reduction of fbg, ppbg and central obesity (waist: 
hip ratio) than Pioglitazone & glibenclamide 
combination. Therefore Judicious use of low 
dose of glibenclamide and full dose of metfor-  

min become safe, effective and cheap for the 
treatment of type 2 diabetes patients in poor 
country like India. 
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1. INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a leading cause of 
morbidity and mortality accounting for 90% of total dia-
betes cases globally [1]; and is a chronic and progressive 
disease demanding intense management from diagnosis 
[2,3]. The recognition that achieving specific glycemic 
goal can substantially reduce morbidity, have made the 
effective treatment of hyperglycemia a top priority [4]. 
Life style change and the use of pharmaceutical therapies 
are considered pivotal to achieve good control of hyper-
glycemia [5]. The selection of best medication or com-
binations of medication for the management of hyper-
glycemia in patients with T2DM, while based in science, 
remains to a large degree in the realm of “art” [6]. Un-
fortunately there is a dearth of high quality studies that 
provide head to head comparisons of the ability of medi-
cations to achieve the currently recommended glycemic 
level [7]. T2DM is associated with defect in insulin ac-
tion (insulin resistance) and secretion where Insulin re-
sistance is a consistent finding present years before the 
onset of diabetes [8]. So the treatment of T2DM should 
comprise of secretagouges to stimulate the secretion of 
insulin and Insulin sensitizer to facilitate insulin action. 
Decline in β-cell function, characteristic of T2DM, has 
been postulated to detrimental effects of insulin resis-
tance [9]. Metformin (MET) and Pioglitazone (PIO) are 
the commonly used insulin sensitizer. MET Suppresses 
hepatic gluconeogenesis, reduces the effect of glucagon, 
increases insulin mediated muscle glucose uptake and 
utilization, increases the translocation of insulin sensitive 
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glucose transporters into the cell membrane and pro-
motes the insulin and glucose sensitive transport proper-
ties of glucose transporters [10]. PIO activates the Per-
oxisome Proliferator-Activated Receptor Gama (PPAR-γ) 
receptor, regulates adipocyte differentiation, improves 
lipid homeostasis and insulin action, reduces insulin re-
sistance, decreases the release of free fatty acids and cy-
tokines, increases adiponectin, augments glucose trans- 
port in muscle, raises glycogen synthesis in liver, gener-
ates nitric oxide in vascular endothelium and slow the 
rate of loss of β-cell insulin secretary function [11]. Both 
have several beneficial effects on T2DM management. 
Therefore the purpose of this study is to make a head to 
head comparison of the ability of these two insulin sensi-
tizer in reducing hyperglycemia and altering waist hip 
ratio when used individually along with sulfonylurea as 
add on therapy among uncontrolled T2DM patients. The 
objectives of this study were to assess the glycemic con-
trol effect and to compare the waist: hip ratio altering 
effect of glibenclamide (GBCM), glibenclamide & met-
formin (GBCM & MET) combination, glibenclamide & 
Pioglitazone (GBCM & PIO) combination when used 
sequentially in the same group of T2DM patients. 

2. MATERIALS AND METHODS 

This study was conducted in the out patients depart-
ment of Medicine and dept of Biochemistry and Phar-
macology of Burdwan Medical College & Hospital for a 
period of 6months in the year 2009-2010. 100 T2DM 
patients of both sexes and all ages not controlled by 
monotherapy were selected randomly for this study .The 
exclusion criteria were unable to give informed consent, 
renal impairment, hepatic disease, heart failure, lactic 
acidosis, alcoholics, pregnancy, female subjects planning 
for pregnancy, subjects having chronic hypoxic lung dis-
ease, taking low calorie diet and h/o long standing re-
peated fasting. This study was approved by the institu-
tional ethics committee. Written informed consent was 
taken from all the study subjects. The study design was 
open level self controlled sequential interventional pro-
spective study. Study was conducted by following the 
Helsinki declaration 1975 and ICMR guideline. Patients 
were selected randomly and all were advised to follow 
the medical nutrition therapy and life style modification 
as per direction; and oral antidiabetic drug was change to 
glibenclamide (GBCM) as sulfonylurea at a dose of 5 mg 
or 10 mg once daily according to the patient in a period 
of two weeks; and fasting and postprandial blood glucose 
(fbg & ppbg) and physical parameters (waist, hip and 
thigh circumference) were measured as base line for all 
the study patients. Fbg & ppbg and other physical pa-
rameters were measured after four weeks of glibencla-
mide therapy. Then, PIO was started initially at a dose of  

15 mg/day along with previous same dose of GBCM and 
dose escalation of PIO was done up to 30 mg/day within 
a period of two weeks. Then after six weeks fbg & ppbg 
and other physical parameters were measured. PIO was 
then withdrawn from all patients keeping GBCM at the 
same previous dose for a period of two weeks (washout 
period of PIO). Then MET was added, along with the 
same previous dose of GBCM, initially 850 mg once 
daily dose, later dose escalation was done gradually with 
the maximum dose of 850 mg three times daily(total 
2550 mg/day) in a period of two weeks. Then after six 
weeks fbg & ppbg and other physical parameters were 
measured. Adverse effects of all these drugs were moni-
tored in all visits during the whole study period by using 
standard case reporting form of adverse drug reaction. 
Study subjects were trained regarding the signs and 
symptoms of hypoglycemia at the beginning of the study 
and were asked to inform immediately if they feel any 
such at any time. All the observed data was analyzed 
critically. 

Statistical analysis: Data has been presented with 
mean and standard deviation. Paired t-test has been em-
ployed to test the significance of difference of glycemic 
control and physical parameter alteration. Chi-square test 
has been used to test the significance of association of 
adverse effects produced by GBCM + PIO and GBCM + 
MET combination. For all analyses p-value < 0.05 has 
considered as statistically significant. Statistical analysis 
has performed by using spss –17 software. 

3. RESULTS 

Among the total 100 patients only 89 patients had 
completed this study and were accepted for analysis. 
There demographic profiles are mentioned in Table 1. 
Study subjects were predominantly male (65.17%), mid-
dle aged (mean age 47.91 ± 10.5 yrs), Hindu (71.8%), 
non-obese (mean BMI 20.97 ± 4.86 kg/M2), poor (per 
capita monthly income is Rs 853.81/−) and literate 
(83.1%). Mean duration of diabetes was 4.89 yrs. Mean 
base line Insulin, fbg and ppbg level of all these patients 
were 11.61 ± 4.61 µu/ml, 186.37 ± 36.98 mg/dl and 
274.68 ± 47.89 mg/dl respectively. Family history of 
diabetes was positive in only 24 patients (27%). Occupa-
tion was mixed like house wife, service and others. Rural 
and urban distribution of patients was 48 vs. 41 patients 
(53.9% and 46.1%). 

After completion of baseline examination intervention 
had been done by employing the study drugs sequentially 
and following results were obtained as mentioned in Ta-
ble 2. 

Results showed that fbg & ppbg was effectively and 
significantly (p < 0.001) reduced from the base line by 
GBCM (SEM 3.43, 95% CI 47.53 to 61.18 for fbg and     
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Table 1. Demographic profile of the study subjects. 

Number of patients 89 

Age in years (mean ± SD) 47.91 ± 1058 

Sex Male-58, female-31 

Religion Hindu-55, muslim-34 

Body weight in Kg (mean ± SD) 53.95 ± 10.65 

Percapita monthly income in Rs (mean) 853.81 

Duration of diabetes in years (mean) 4.8977 

Family history of diabetes Positive-24 cases and negative-65casses 

Education Literate-15 illeterate-74 

Occupation House wife-29, govt. service-20, others-40 

Residence Urban-41, rural-48 

Body Mass Index in Kg/m2 (mean ± SD) 20.97 ± 4.86 

Note: SD: standard deviation, kg/m2: kilogram/square meter of body height. 

 
Table 2. Change of values from baseline after therapy with GBCM, GBCM & PIO, GBCM & MET. 

character 
Base line 

(mean with SD) 
GBCM 

(mean with SD) 
GBCM&PIO 

(mean with SD) 
GBCM&MET 

(mean with SD) 
P-value*

Fbg (mg/dl) 186.37 ± 36.98 132.02 ± 21.94 119.08 ± 19.52 104.15 ± 15.67 0.000 

Ppbg (mg/dl) 274.68 ± 47.89 197.39 ± 32.71 177.23 ± 28.59 156.30 ± 19.46 0.000 

Waist cir (in inch) 31.97 ± 3.90 32.80 ± 3.78 32.56 ± 3.85 31.01 ± 3.74 0.000 

Hip cir (in inch) 34.00 ± 4.05 34.47 ± 4.03 34.08 ± 4.11 33.37 ± 3.98 0.000 

w/h ratio 0.944 0.955 0.961 0.933 0.000 

Thigh cir (inch) 16.44 ± 1.64 16.46 ± 1.65 16.47 ± 1.64 16.41 ± 1.63 0.068 

Note: fbg-fasting blood glucose, ppbg-postprandial blood glucose, w/h ratio: waist:hip ratio, SD: standard deviation, mg/dl: milligram/deciliter, cir: circumfer- 
ence, *p-value of paired t-test between GBCM & PIO and GBCM & PIO group. 

 
SEM 4.44, 95% CI 68.45 to 86.13 for ppbg), by GBCM 
& PIO (mean reduction 67.29 mg%, SEM 3.43, 95% CI 
60.45 - 74.12, for fbg and mean reduction 97.44 mg%; 
SEM 4.46; and 95% CI 88.56 - 106.33 for ppbg), by 
GBCM & MET (mean reduction 82.22 mg%, SEM 3.34, 
95% CI 75.58 - 88.86 for fbg and mean reduction 118.38 
mg% SEM 4.18; and 95% CI 110.7 - 126.69 for ppbg) 
when tested with paired t-test. Such reduction was ob-
served significantly more with GBCM & MET than 
GBCM & PIO and GBCM therapy. Waist circumference 
was reduced significantly (p < 0.001) by the GBCM & 
MET from 31.97 ± 3.90 inch (base line) to 31.01 ± 3.74 
inch where as it was modestly increased by GBCM 
(32.80 ± 3.78 inch) and GBCM & PIO (32.56 ± 3.85 
inch). Similar results were also observed with thigh cir-
cumference but not statistically significant. Waist hip 
ratio was significantly reduced from base line by GBCM 
& MET (p < 0.001, mean reduction 0.01105 ± 0.03105, 
SEM 0.00329, 95% CI 0.00450 - 0.01759) but it was  

raised by GBCM alone and GBCM & PIO. 
Some adverse effects were found following drug ther-

apy among the study subjects and they are as mentioned 
in Table 3. 

Flatulence, dyspepsia, distaste, loss of appetite were 
significantly more with GBCM & MET combination 
than GBCM & PIO combination. But all these sign and 
symptoms disappeared shortly during study and none 
discontinued the therapy. 

4. DISCUSSION 

Non-obese middle aged male was predominant in this 
study though it is common in women [12]. Male pre-
ponderance, increased drop out rate (11%) and two 
weeks interval visit in this study are the reflection of 
outpatient department based hospital study. Sulfonylurea 
is arguably the most cost effective glucose lowering 
agents [12]. GBCM, a low cost sulfonylurea, one of the    
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Table 3. The adverse effects observed in this study following GBCM, GBCM + MET, GBCM + PIO therapy. 

Adverse effects GBCM (%) GBCM + MET (%) GBCM + PIO (%) X2-test 

Hypoglycemia Nil Nil Nil - 

Weight gain Mild Reduced Bwt Mild - 

Flatulence (n) Nil 18 (20.22%) 3 (3%) 0.001 

Dyspepsia (n) Nil 26 (39.21%) 3 (3%) 0.000 

Distaste (n) 7 (0.08%) 23 (25.84%) 4 (4%) 0.000 

Loss of appetite (n) Nil 19 (21.35%) 7 (8%) 0.018 

Diarrhea (n) Nil 11 (12.35%) 5 (5%) 0.189 

Anemia (n) Nil Nil Nil - 

Edema (n) Nil Nil 3 (3%) - 

Sgpt level Normal Normal Mildly raised in 8 cases (9%) - 

Note: n: number of patients, GBCM: glibenclamide, MET: metformin, PIO: Pioglitazone, x2 test: chi-square Exat sig (2-sided) test. 

 
commonly prescribed insulin secretagouges [13], ap-
proved for monotherapy, begin to lower plasma glucose 
immediately, cause similar degree of glycemic control 
(1% - 2% HbA1c) and is likely beneficial [12]. Again at 
higher doses GBCM modestly reduces the blood glucose, 
increases the incidence of hypoglycemia and might cause 
increase arrhythmic cardiovascular events so need to 
avoid high-dose therapy [14]. Considering these facts 
GBCM was used at low dose (5 or 10 mg/d) in this study. 
MET and PIO are able to reduce the fbg by 58 mg/dl and 
65 mg/dl and HbA1c by 1.8% and 1.6% respectively at 
maximum doses [15]. Base line fbg was187.21 ± 38.1 
mg% and HbA1c was 8.62%. Therefore as monotherapy 
MET and PIO individually assumed to be insufficient to 
reduce blood glucose near normal in this study. GBCM 
significantly decreased the blood glucose here but not to 
the near normal. Again the goal of all patients should be 
to lower blood glucose levels to as close to the normal 
range as safety and life style allow [16] and therefore 
intensive therapy has been endorsed as treatment of 
choice for most of the diabetics [17]. β-cell dysfunction 
is also reversible to a large degree by intensive glycemic 
control [16]. So it is wise to use the combination of sul-
fonylurea and insulin sensitizer to keep the blood glucose 
normal and to reduce the dose of sulfonylurea for safety. 
GBCM & MET and GBCM & PIO combination therapy 
in the same cohort of patients had significantly (p < 
0.001) reduced the blood glucose. But GBCM & MET 
brought it near normal where as GBCM & PIO main-
tained it above the normal level. According to the projec-
tions from UKPDS, 1% decrement in HbA1c is associ-
ated with a 14% reduction in risk of heart attacks and a 
37% reduction in risk of micro vascular complications  

[18]. The defect in T2DM primarily is defective regula-
tion of glucose production from the liver by glyco-
genolysis and gluconeogenesis. It was found that hepatic 
gluconeogenesis accounted for 50% to 96% of glucose 
production and the percentage increased with increasing 
duration of fasting [19]. Metformin reduces hepatic insulin 
resistance thereby gluconeogenesis through AMP-acti- 
vated protein kinase [20]. Again GBCM & MET had 
reduced waist circumference (central obesity) and waist 
hip ratio significantly (p < 0.001) and secondarily further 
reduced the insulin resistance. PIO through Peroxisome 
Proliferator-Activated Receptor Gama (PPAR-γ) activity 
improves insulin sensitivity thereby improves glycemic 
control and HDL, reduces plasma FFA and triglyceride by 
20%, modify LDL particle size and number [12]. How-
ever, in this study GBCM and GBCM & PIO had in-
creased the waist circumference and waist:hip ratio and 
may raise the possibility of increased insulin resistance. 
PPAR-γ expressed more in adipose but muscle tissue 
utilize more the postprandial plasma glucose. Probably 
this is the reason of better glycemic control by the 
GBCM & MET combination than GBCM and GBCM & 
PIO. The occurrence of flatulence, dyspepsia, distaste, 
diarrhea, loss of appetite is more with the MET combina-
tion but these were minor incidence which improve in 
due course of time. Sgpt level increased with PIO com-
bination though mild and less in number of case (9%) 
still a matter of concern. Therefore it can be concluded 
that the judicious use of low dose GBCM and full dose 
metformin is a cost effective, safe and useful combina-
tion for poor Indian population in type 2 diabetes man-
agement as this combination reduced both fbg, ppbg, 
central obesity, waist:hip more than GBCM alone and 
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GBCM & PIO combination. Further MET is recom-
mended as a core therapy in the diabetes management 
worldwide at diagnosis either alone or in combination 
with other oral anti diabetic therapies or insulin [9]. 
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