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ABSTRACT
Early and intensive glycemic control is necessary to prevent or minimize the development of micro
vascular and macro vascular complications in individuals with type 2 diabetes mellitus. In the present
study, clinical efficacy of the metformin, insulin and metformin plus insulin was compared in the patients
of type 2 diabetes mellitus with HbA1c > 7%. In an open-label, monocentric controlled trial, 45 patients
of type 2 diabetes with HbA1c > 7% were randomly divided in to three groups (n=15). First group treated
with metformin (1000 mg), second group treated with insulin (10 IU) and third group treated with insulin
(10 IU) plus metformin (500 mg) for 3 months duration. Fasting blood glucose, postprandial blood
glucose and HbA1c level were measured before treatment and after 3 months of each treatment
course. Result of this study indicated that significant reduction in fasting and postprandial blood glucose
level was observed in all treatment groups. Significant reduction in HbA1c level was also observed in all
treated patients. Combined treatment of metformin and insulin caused 26% more reduction in HbA1c
level than metformin and 11.41% more reduction than insulin monotherapy. In conclusion, therapy with
insulin alone or with metformin in patients having poor glycemic control may be a useful and safe
therapeutic approach in type 2 diabetes.
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INTRODUCTION:
Type 2 diabetes mellitus is a complex disease
characterized by insulin resistance and a
progressive decline in β-cell function and mass.
Current evidence suggests that β-cell dysfunction
is present early in the course of the disease and
this dysfunction, rather than insulin resistance is
primarily responsible for the progression of type 2
diabetes mellitus.[1] Treatment of patients with
type 2 diabetes often begins with monotherapy
using an oral hypoglycemic agent from one of five
classes:
sulfonylureas,
meglitinides,
thiazolidinediones, biguanides, and α-glucosidase
inhibitors. If glycemic control worsens, a second
oral agent is usually added.[2] Studies show that
after 3 years of treatment, approximately 50% of
patients require more than one pharmacological
agent,[3] and most patients with type 2 diabetes
eventually require insulin.[4] Currently, 6 to 7
million Americans with diabetes (types 1 and 2)

use human insulin or insulin analogs (types 1 and
2);[4] approximately 30% of patients with type 2
diabetes receive insulin therapy.[5] Failure to
achieve glycemic control may be partially due to
the fact that oral therapy (e.g., sulfonylurea,
metformin) does not appear to have a significant
effect on progressively diminishing β-cell
function,[6] although the thiazolidinedione class of
insulin-sensitizing agents is under investigation as
a diabetes-preventive agent.[7] By contrast, insulin
therapy aimed at increasing basal insulin levels
often ameliorates the effects of impaired β-cell
function. Glycosylated hemoglobin (HbA1c) is
considered the “gold standard” to evaluate the
degree of glycemic control in patients with
diabetes.[8] Based on ACE and ADA guidelines,
physicians should consider initiating insulin
therapy in patients with HbA1c concentrations
greater than 7.0% despite treatment with oral
agents.[4,8,9] In the UKPDS, mean blood glucose
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concentrations and HbAlc levels increased
steadily, irrespective of treatment with diet, oral
agents, or insulin and progressively required
multiple therapy.[10] The use of metformin in
combination with insulin has also demonstrated
improved blood glucose control over insulin
therapy alone. [11,12] However, a direct comparison
of insulin and metformin monotherpy with insulin
in combination with metformin has not been done.
Based on this, present study was designed to
compare efficacy of metformin, insulin and
insulin plus metformin therapy in patient with
glycosylated haemoglobin (HbA1c) level more
than > 7%.
MATERIAL AND METHOD:
A study was carried out on 45 patients (of either
sex) having type 2 diabetes attending Sarthi
Medical and Diabetes Hospital, Anand, Gujarat,
India. All the patients have reported glycosylated
haemoglobin more than 7% (HbA1c > 7%) with
routine oral hypoglycemic agents treatment.
Patients of history of cancer and/or drug abuse,
actual or intended pregnancy, breastfeeding, major
pathology
affecting
the
liver,
kidney,
cardiovascular/central nervous systems, and
known hypersensitivity to insulin were excluded
from the study. Patient’s consents were taken
before including them into the study. All 45
patients for the study was randomly selected and
divided them in to 3 groups by taking alternate
patient in each group (n=15). Group 1 was treated
with metformin (1000 mg), group 2 was treated
with isophane insulin (10 IU once daily) and
group 3 was treated with combination of isophane
insulin (10 IU once daily) and metformin (500
mg) therapy. Detailed history of the patients was
taken with special reference to history of drug
intake and allergy before initiating therapy.
Investigation of glycosylated haemoglobin
(HbA1c), fasting blood sugar (FBS) and
postprandial blood sugar level (PP2BS) was
carried out before and after 3 months of each
treatment course.
Statistical analysis
Data were expressed as mean ± S.E.M. The
statistical significance of difference between
groups was evaluated by one-way analysis of
variance (ANOVA). Paired student’s t test was
performed for comparison of before and after
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treatment data. A probability level of 0.05 or less
was accepted as significant.
RESULTS:
A total of 45 subjects were randomized in to three
groups each group containing 15 patients. They
received study treatment metformin, insulin and
insulin plus metformin respectively. There were
no significant differences between groups with
regard to demographics and diabetic disease
characteristics (Table 1). Result of effect of
metformin, insulin and insulin plus metformin
treatments on fasting blood sugar level of patients
are shown in (Figure 1). Treatment with
metformin was produced 8 % reduction in the
levels of fasting blood sugar level (114.20 ± 2.47
vs 105.07 ± 2.15, p < 0.05). Treatment with
insulin led to 16.10 % reduction (130.40 ± 3.69 vs
109.40 ± 2.65, p < 0.05) in the levels of fasting
blood sugar level. Treatment with insulin plus
metformin was more effective in achieving
glycemic control, as it led to 35 % reduction
(174.47 ± 5.89 vs 113.40 ± 2.59, p < 0.05) in the
levels of fasting blood sugar level.
Result of effect of drug treatments on postprandial
blood sugar level is shown in figure 2. As shown
in (Figure 2), treatment with metformin led to
8.57 % reduction (188.93 ± 5.35 vs 172.73 ± 4.20,
p < 0.05) in the levels of postprandial blood sugar
level. Treatment with insulin was also effective in
achieving glycemic control, as it led to 30.83 %
reduction (256.87 ± 8.82 vs 177.67 ± 5.11, p <
0.05) in the levels of postprandial blood sugar
level. Combination therapy of insulin and
metformin was more effective as compared to
insulin and metformin alone as it led to 49.85 %
reduction (352.53 ± 15.75 vs 176.80 ± 4.60, p <
0.05) in the levels of post prandial blood sugar
level.
Result of glycosylated haemoglobin of metformin,
insulin and insulin plus metformin treated groups
is shown in (Figure 3). There was 9.40 %
reduction in the levels of HbA1c was observed
with metformin treatment (7.94 ± 0.16 vs 7.19 ±
0.13, p<0.05). Treatment with Insulin was also
caused 23.99 % decrease in the levels of HbA1c
(9.56 ± 0.19 vs 7.27 ± 0.16, p<0.05). Treatment
with combination of insulin and metformin was
produced more effective as it produced 35.40%
reduction in the levels of HbA1c (10.77 ± 0.19 vs
6.96 ± 0.15, p<0.05).
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Baseline characteristics of the treated patients
Metformin
Mean age (years)
Male: Female ratio
Mean weight (kg)
Mean pulse rate (per minute)
Mean systolic pressure (mmHg)
Mean diastolic pressure (mmHg)
Family history of diabetes (%)

Isophane insulin
treatment
61.40
10:5
65.40
76.73
136.40
79.80
86.66 %

54.60
10:5
60.13
78.87
135.67
80.73
86.66 %

Isophane Insulin
plus Metformin
55.20
9:6
65.13
77.13
136.93
80.67
86.66 %

Table 1. Baseline characteristic data of the type 2 diabetic patients treated with metformin, insulin and insulin plus metformin
therapy.
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Figure 1. Effect of metformin, insulin and insulin plus metformin treatment on fasting blood sugar(FBS) level of type 2
diabetic patients. Each bar represents the mean ± S.E.M (n=15) One way ANOVA (Analysis of variance), Paired sample t-test
*
P<0.05 when compared with before treatment FBS level.
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Figure 2. Effect of metformin, insulin, insulin plus metformin treatment on postprandial blood sugar(PP2BS) level of type 2
diabetic patients. Each bar represents the mean ± S.E.M (n=15) One way ANOVA (Analysis of variance), Paired sample t-test
*
P<0.05 when compared with before treatment PP2BS level.
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Treatment
Figure 3: Effect of metformin, insulin, insulin plus metformin treatment on glycosylated haemoglobin(HbA1c) level of type 2
diabetic patients. Each bar represents the mean ± S.E.M (n=15) One way ANOVA (Analysis of variance) followed by paired ttest *P<0.05 when compared with before HbA1c level.

DISCUSSION:
Type 2 diabetes mellitus is a chronic metabolic
disorder that results from defects in both insulin
secretion and insulin action. An elevated rate of
basal hepatic glucose production in the presence
of hyperinsulinemia is the primary cause of
fasting hyperglycemia; after a meal, impaired
suppression of hepatic glucose production by
insulin and decreased insulin-mediated glucose
uptake by muscle contribute almost equally to
postprandial hyperglycemia.[13] Fasting plasma
glucose and postprandial plasma glucose values
provide snapshots of basal glucose metabolism
(i.e., hepatic glucose production) and, most
importantly, exposure to postprandial glucose
excursions, which have recently been linked to
overall vascular damage.[1] HbA1c values reflect
glycemic exposure during a period of ~ 3 months.
The expected A1C value for people with normal
glucose metabolism is 4.0-6.0 %. Recommended
target values for individuals with diabetes are <
7%. Therefore, fasting blood sugar level, post
prandial blood sugar level and glycosylated
haemoglobin are the three laboratory measures
recommended to gauge the level of glycemic
control attained by individual patients.[8] Both
acute and prolonged hyperglycemia adversely
affects beta cell function[14] and this glucotoxicity
leads to impaired gene transcription, down
regulation of glucose transporters and alteration of
transporter function induced by oxidative
stress.[15]
© 2010, IJPBA. All Rights Reserved.

Early and intensive glycemic control is necessary
to prevent or minimize the development of
microvascular and macrovascular complications
in individuals with type 2 diabetes mellitus.[16]
The current paradigm of management of type-2
diabetes is one of sequential addition of treatment
modalities starting from medical nutrition therapy,
exercise, single or combination oral hypoglycemic
agents and finally insulin administration with or
without oral hypoglycemics.[17] This strategy has
miserably failed in achieving recommended
glycemic goals to prevent microvascular as well
as macrovascular complications. Patients with
type 2 diabetes mellitus who still secrete
endogenous insulin often do well receiving oral
agents. The choice of oral agent depends largely
on adverse effects and cost.[18] Metformin has
become a cornerstone of therapy based on its
efficacy, low risk of hypoglycemia, low risk of
weight gain, and generic availability. The
ADA/EASD treatment algorithm recommends its
use, along with lifestyle modification, as the initial
therapeutic strategy for patients with type 2
diabetes mellitus.[17] Over time, most patients with
type 2 diabetes experience progressive β-cell
dysfunction and will require insulin therapy, either
alone or in combination with oral agents for
satisfactory glycemic control.[19] Exogenous
insulin does not increase the risk of macrovascular
disease or exacerbate insulin resistance.[20] Insulin
therapy also is indicated in patients with
contraindications to antidiabetic medications.[21]
4
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Intensive insulin therapy was found to reduce
morbidity and mortality in critically ill patients in
a surgical intensive care unit compared with usual
therapy.[22] In patients who had experienced a
myocardial infarct, intensive insulin therapy
resulted in a 30 percent lower risk of death
compared with usual therapy.[23] Many patients
regain beta cell function after a few weeks of
intensive therapy, enabling them to return to
management with diet or oral medication for
several months to years.[24]
Augmentation therapy is effective in patients with
residual but insufficient beta-cell function, which
is exhibited as failure to maintain the HbA1c goal
while taking oral medications.[21] Weight gain is a
common side effect of insulin therapy. Adding
bedtime insulin, usually NPH, to oral agents is the
standard approach to starting insulin therapy.
Although insulin may be added to any approved
oral agent, metformin does not cause weight gain
and may offer additional cardioprotection[25] and
thus is our first choice for use with insulin in
patients without contraindications. Benefits of the
combination of metformin and insulin include
improved glycemic control, less weight gain,
fewer episodes of hypoglycemia.[26,27] Metformin
does not need dose adjustments when
administered with insulin. Some available clinical
reports also support our results that combined
therapy of metformin and insulin is more effective
than insulin therapy alone.[28,29] Patients
randomized to insulin NPH plus metformin
achieved similar A1C levels, fasting plasma
glucose levels, and weight gain but had lower
daily costs and treatment failures than patients
randomized to triple oral medication (a
sulfonylurea,
metformin,
and
a
[30]
thiazolidinedione).
CONCLUSION:
An HbA1c level less than 7% consistently reduces
microvascular complications and is now the goal
for most patients. The timely addition of insulin to
oral therapy in patients with this disease will
generally lead to better outcomes than are
obtained with traditional treatment approaches. In
conclusion, therapy with insulin alone or with
metformin in patients having poor glycemic
control may be a useful and safe therapeutic
approach in type 2 diabetes. Although, matching
disease pathophysiology and patient-specific
characteristics to therapeutic choices can improve
treatment success for patients with type 2 diabetes
mellitus.
© 2010, IJPBA. All Rights Reserved.

ACKNOWLEDGEMENT:
The authors thank Dr. Chintan Vyas,
Diabetologist, Sarthi Hospital, Anand, Gujarat for
his input into the study design and conduct of this
study.
REFERENCES:
1. Tibaldi J. Preserving insulin secretion in
Type 2 diabetes mellitus. Exp Rev
Endocrinol Metabol 2008;3(2):147-59.
2. Garber AJ. Benefits of combination
therapy of insulin and oral hypoglycemic
agents. Arch Intern Med 2003;163:1781-2.
3. Turner RC, Cull CA, Frighi V, Holman
RR. Glycemic control with diet,
sulfonylurea, metformin, or insulin in
patients with type 2 diabetes mellitus:
progressive requirement for multiple
therapies (UKPDS 49). UK Prospective
Diabetes Study (UKPDS) Group. JAMA
1999; 281:2005-12.
4. DeWitt DE, Hirsch IB. Outpatient insulin
therapy in type 1 and type 2 diabetes
mellitus: scientific review. JAMA 2003;
89:2254-64.
5. Brandle M, Zhou H, Smith BR, Marriott
D, Burke R, Tabaei BP, Brown MB,
Herman WH. The direct medical cost of
type 2 diabetes. Diabetes Care 2003;
26:2300-4.
6. U.K. Prospective Diabetes Study Group.
U.K. prospective diabetes study 16.
Overview of 6 years’ therapy of type II
diabetes: a progressive disease. Diabetes
1995; 44:1249-58.
7. Sherwin RS, Anderson RM, Buse JB, Chin
MH, Eddy D, Fradkin J et al. Prevention or
delay of type 2 diabetes. Diabetes Care
2004; 27 Suppl 1: S47-54.
8. American Diabetes Association. Standards
of medical care in diabetes-2009. Diabetes
Care. 2009; 32 Suppl 1:S13-S61.
9. Rodbard HW, Blonde L, Braithwaite SS,
Brett EM, Cobin RH, Handelsman Y et al.;
AACE Diabetes Mellitus Clinical Practice
Guidelines
Task
Force.
American
Association of Clinical Endocrinologists
medical guidelines for clinical practice for
the management of diabetes mellitus.
Endocr Pract 2007;13 Suppl 1:1-68.
10. Turner RC, Cull CA, Frighi V, Holman
RR, UK Prospective Diabetes Study
(UKPDS) Group: Glycemic control with
diet, sulfonylurea, metformin, or insulin in
5

IJPBA, Jan - Feb, 2011, Vol. 2, Issue, 1

Varsha Galani et al. / Insulin

Combination Therapy in Type 2 Diabetes

patients with type 2 diabetes mellitus:
progressive requirement for multiple
therapies (UKPDS 49). JAMA 1999;
281:2005-12.
11. Avile´s-Santa L, Sinding J, Raskin P.
Effects of metformin in patients with
poorly controlled,insulin-treated type 2
diabetes mellitus: a randomized, doubleblind, placebo-controlled trial. Ann Intern
Med 1999; 131:182-88.
12. Yu JG, Kruszynska YT, Mulford MI,
Olefsky JM. A comparison of troglitazone
and metformin on insulin requirements in
euglycemic intensively insulin-treated type
2 diabetic patients. Diabetes 1999;
48:2414-21.
13. DeFronzo RA. Pharmacologic therapy for
Type 2 diabetes mellitus. Ann Intern Med
1999; 131(4):281-303.
14. Meyer J, Sturis J, Katschinski M, Arnold
R, Goke B, Byrne MM. Acute
hyperglycemia alters the ability of normal
beta cell to sense and respond to glucose.
American J physiol Endocrinol Metabol
2002; 282: E 917-22.
15. Yki JH. Glucose toxicity. Endocrine Rev
1992; 13:415-31.
16. Vinik A. Advancing therapy in type 2
diabetes
mellitus
with
early,
comprehensive progression from oral
agents to insulin therapy. Clin Ther 2007;
29:1236-53.
17. Nathan DM, Buse JB, Davidson MB,
Ferrannini E, Holman RR, Sherwin R et
al. Medical management of hyperglycemia
in type 2 diabetes: a consensus algorithm
for the initiation and adjustment of
therapy. A consensus statement of the
American Diabetes Association and the
European Association for the Study of
Diabetes. Diabetes Care 2009; 32:193-203.
18. Holmboe ES. Oral antihyperglycemic
therapy for type 2 diabetes: clinical
applications. JAMA 2002; 287:373-76.
19. UK Prospective Diabetes Study 24: A 6year,
randomized,
controlled
trial
comparing sulfonylurea, insulin, and
metformin therapy in patients with newly
diagnosed type 2 diabetes that could not be
controlled with diet therapy. Ann Intern
Med 1998; 128:165-75.
20. UK Prospective Diabetes Study (UKPDS)
Group. Intensive blood-glucose control
with sulphonylureas or insulin compared
© 2010, IJPBA. All Rights Reserved.

with conventional treatment and risk of
complications in patients with type 2
diabetes (UKPDS 33). Lancet 1998;
352:837-53.
21. Skyler JS. Insulin therapy in type 2
diabetes mellitus. In: DeFronzo RA, ed.
Current therapy of diabetes mellitus. St.
Louis; Mosby; 1998. p.108-16
22. Van den Berghe G, Wouters P, Weekers F,
Verwaest C, Bruyninckx F, Schetz M et al.
Intensive insulin therapy in the critically ill
patients. N Engl J Med 2001; 345:135967.
23. Davies MJ, Lawrence IG. DIGAMI
(Diabetes Mellitus, Insulin Glucose
Infusion in Acute Myocardial Infarction):
theory and practice. Diabetes Obes Metab
2002; 4:289-95.
24. Ilkova H, Glaser B, Tunckale A, Bagriacik
N, Cerasi E. Induction of long-term
glycemic control in newly diagnosed type
2 diabetic patients by transient intensive
insulin treatment. Diabetes Care 1997;
20:1353-6.
25. Johnson JA, Majumdar SR, Simpson SH,
Toth EL. Decreased mortality associated
with the use of metformin compared with
sulfonylurea monotherapy in type 2
diabetes. Diabetes Care 2002; 25:2244-48.
26. DeWitt DE, Hirsch IB. Outpatient insulin
therapy in type 1and type 2 diabetes
mellitus: scientific review. JAMA 2003;
289:2254-64.
27. Fritsche A, Schmulling RM, Haring HU,
Stumvoll M. Intensive insulin therapy
combined with metformin in obese type
2diabetic patients. Acta Diabetol 2000;
37:13-8.
28. Yu JG, Kruszynska YT, Mulford MI,
Olefsky JM. A comparison of troglitazone
and metformin on insulin requirements in
euglycemic intensively insulin-treated type
2 diabetic patients. Diabetes 48:2414-21.
29. Avilés-Santa L, Sinding J, Raskin P.
Effects of metformin in patients with
poorly controlled, insulin-treated type 2
diabetes mellitus: a randomized, doubleblind, placebo-controlled trial. Ann Intern
Med 1999; 131:182-88.
30. Schwartz S, Sievers R, Strange P, Lyness
WH. Hollander P. Insulin 70/30 mix plus
metformin versus triple oral therapy in the
treatment of type 2 diabetes after failure of
6

Varsha Galani et al. / Insulin

Combination Therapy in Type 2 Diabetes

two oral drugs: efficacy, safety, and cost
analysis. Diabetes Care 2003; 26:2238-43.

© 2010, IJPBA. All Rights Reserved.

7

