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Treatment of type 11 diabetes with oral anti-hyperglycemic drugs is initially successful, but the inclusion of insulin in the treatment
regime is eventually inevitable under poor control. This paper aims to provide an overview of anti-hyperglycemic drugs and their use in
Pakistan population coupled with their efficacy in treatment of diabetes type Il. Literature search identified 140 clinical trials and 26
observational studies that compared mono or combination therapies. Further a retrospective review of 1518 patients which were
undergoing treatment for type Il diabetes mellitus in outpatient department (OPD) of endocrinology unit of Aga Khan University
Hospital during 2007-2010 was done. The inclusion criteria for study subjects favored of age between 35-65 years with duration of
diabetes between 5-35 years. The data was collected from hospital record department and was analyzed for efficacy of the medications
using SPSS.V16. Prescribed oral anti-hyperglycemic drugs were independent of diabetes duration. Insulin, Biguanides, Sulfonylureas,
Thiazolidinediones and Alpha-glycosidase were preferred to use singly or in combination. Overall insulin usage with other combination
was in 56% of patients while overall Biguanides and sulfonylureas usage was in 61% and 45% of patients respectively. In response to
therapy, the achieved FBS level, below 110 mg/dl, was in 21% of patients, levels as >110 to <126 mg/dl were found in 13% of patients
(C1 95%, OR 0.58, p=0.098) while 66% of patients had >126 mg/dl (Cl 95%, OR 2.74, p=0.0006). Insulin and Biguanides were found
efficacious in only 34 % of selected population to bring the glycemic levels at normal limits when employed singly or in combination.
Poorly controlled glycemic levels in 66% of population indicate co-morbidities and future complications of diabetes. All the current anti-
hyperglycemic medications existing in global market were not being used in Pakistani population. Further genetic variation affecting
drug metabolism may be the cause of decreased efficacy of drugs. The results can aid diabetologists, physicians and patients in making

informed choices for better management of type 11 diabetes.
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1. Introduction

Type Il diabetes mellitus is a multifactorial and
heterogeneous metabolic condition, which will be affecting
nearly 366 million individuals worldwide by 2030 [1].
Maintenance of near normal blood glucose levels in patients
with type Il diabetes mellitus has been shown to be
associated with a reduced risk of micro and macro-vascular
complications [2]. Treatment with oral antihyperglycemic
drugs is initially successful in type Il diabetes mellitus, but it
is often associated with a high secondary failure rate. Drug
use patterns and clinical efficacy in a “real-world” situation
may differ significantly from the information provided from
such trials. In particular, agent acceptability, drug-drug
interactions, and the use of complicated drug regimens may
lead to poor compliance or discontinuation with prescribed
medications, resulting in reduced clinical effectiveness. The
inclusion of insulin to the treatment is eventually necessary
to restore an acceptable glycemic level for many patients [3],

[4].

Type |l diabetes mellitus has been found to be the
consequence of Insulin resistance, Impaired Insulin
Secretion,  Increased  hepatic  glucose  production
(gluconeogenesis) and reduced Glucagon-like peptide-
1(GLP-1) levels [5]-[8]. Insulin secretion is regulated by
blood glucose, certain amino acids and hormones e.g. GIP
[9], [10]. The process of insulin secretion begins when
glucose enters the B cells in the Islets of Langerhans, via
GLUT-2 channels; this glucose is phosphorylated here by
glucokinase to form glucose-6-P [11]. The phosphorylated

glucose is converted into large amounts of ATP via
glycolysis & oxidative phosphorylation. ATP inhibits the

K+ ion channels & therefore prevents the leakage of K+ ions
out, which in turn increases the membrane potential i.e.
makes it more positive. Ca++ ion channels are sensitive to
this alteration in membrane potential, they open up & allow
large influx of Ca++ into the B cell. The insulin filled
vacuoles are exocytosed as a result of this Ca++ influx [12].
This is a first-phase secretion which consists of pre-formed
vacuoles; constant stimulation leads to insulin synthesis and
therefore secretion which constitutes second-phase of
secretion. Type Il diabetes mellitus can be treated with a
range of antihyperglycemic drugs. The oral anti-
hyperglycemic drugs used in the management of type Il
diabetes mellitus may target either one of the stages of
insulin secretion. In this paper an extensive review of the
literature for classes of anti hyperglycemic drugs was
conducted and identified 140 clinical trials and 26
observational studies that compared mono or combination
therapies. A part from insulin, drugs that are employed in
treatment of diabetes type 11 in Pakistani population is given

Sulfonylurea

These are known as insulin secretagogues as they target the
impaired insulin secretion [13], [7]. The mechanism of
action of sulfonylureas is the inhibition of ATP-sensitive K+
ion channels from opening. They have also shown to reduce
serum glucagon levels & increase insulin sensitivity by
increasing binding of insulin to its receptors [5]. Recently it
has been reported that sulfonylureas interact directly with
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Epac2. “Epac2 is a guanine nucleotide exchange factor for
small GTP Rapl”, member of Ras super family of small
GTP binding proteins. Thus sulfonylurea activates Rapl
through Epac2. Mice lacking Epac2 showed decreased
insulin secretion despite administration of sulfonylurea [14].

Sulfonylureas are the first-line oral antihyperglycemic drugs
excluding obese patients [7]. It has first, second & third
generation agents which differ in potency, safety &
pharmacokinetics [6]. The 1st generation drugs e.g.
chlorpropamide have the longest half-life. 2nd generation
drugs e.g. glyburide have greater potency, are safer & have
better pharmacokinetics. Whereas, the 3rd generation drugs
e.g. glimepiride are used as part of combination drug. All
sulfonylurea’s are giving orally and bind strongly with
albumin in plasma. They are metabolized in liver & excreted
via kidney.

Adverse effects include hypoglycemia, hyperinsulinemia,
obesity & hypersensitivity reaction in people with sulfa
allergies [5], [7]. In rare conditions dermatological disorders,
Gl disturbances & CVS complications have been reported
especially with tolbutamide where there is a 2.5 times
greater risk [6]. Drug interaction also takes place with
medication that might displace sulfonylurea from plasma
protein e.g. sulfonamides, decrease excretion e.g.
probenecid, or reduce metabolism in liver e.g. warfarin [15],
[16]. Loss of efficacy with time is overcome by increasing
dose.

Biguanides

Biguanides are the most commonly prescribed oral
antihyperglycemic agents. Metformin is an example of this
class of medication and controls the progression of type Il
diabetes mellitus by controlling the metabolic glucose
products. Patients with known insulin resistance benefit the
most & it is also the most commonly prescribed anti-diabetic
medication [17]. In obese type Il diabetes mellitus patients,
metformin reduces the risk of MI more than sulphonylureas
or insulin [18]. Metformin significantly lowers the
gluconeogenesis, approximately by 1/3", when compared to
non-medicated patients [19].

Mode of action of the drug is by activating AMP-activated
protein kinase (AMPK), a liver enzyme that plays a
significant role in the signaling pathways involved in insulin
secretion & activity, along with the inhibitory effect on the
production of glucose by liver cells [20]. Besides
suppressing hepatic glucose production, metformin enhances
peripheral glucose uptake by increasing insulin sensitivity
and insulin binding to its receptors [5]. Research shows that
activation of AMPK leads to an increase in the expression of
small heterodimer partner (SHP), which inhibits the
expression of gluconeogenic genes PEPCK and Glucose-6-
phosphatase [21]. The mechanism of metformin which
increase activity of AMPK remains indefinable.

Metformin also increases AMPK activity in skeletal muscle
causing increased GLUT-4 translocation, resulting in an
increased insulin-independent glucose uptake [22]. The
metabolic actions of metformin in the heart muscle are
independent of changes in AMPK activity and may be

mediated by p38MAPK and PKC-dependent mechanisms
[23]. Metformin reverses the detrimental effects of high
glucose blood concentration on osteoblast function, as it
decreases intracellular reactive oxygen species (ROS) and
apoptosis, thus having osteogenic effects on osteoblasts,
conversely treatment with Thiazolidinedione (TZD) inhibits
osteoblastogenesis  via  stimulation of  peroxisome
proliferator-activated receptor- y 2 (PPAR- y 2) [24], [25].
A decrease in incidence of prostate cancer is reported in
patients taking metformin [17]. Decrease in absorption of
glucose from the gastrointestinal tract is responsible for side
effects such as nausea, metallic taste, diarrhea & abdominal
discomfort. These can be avoided if dosage is increased
slowly & taken with meals. Contraindications include
patients that are at high risk of lactic acidosis i.e. serum
creatinine over 150 micro mol/l, hepatic impairment,
respiratory insufficiency, severe infection and alcohol abuse
[26]. It should be used cautiously in elderly patients above
80 years and is recommended to monitor renal function and
hematological parameters upon initiation and termination of
therapy. Dosage should be stopped before a procedure with
radio contrast dye and surgery. Caution should be taken that
co-administration of Alpha-glucosidase inhibitors (AGISs)
lowers the bioavailability of metformin.

Alpha-glucosidase inhibitors (AGI)

These drugs regulate the absorption of glucose from the diet
and are not only used for diabetic patients but are also
beneficial in pre-diabetic cases [27]. Some available AGIs in
the market are Acarbose, Mitligol & Voglibose, these drugs
are structurally saccharides which act as competitive,
reversible inhibitors of various enzymes that are responsible
for digestion of carbohydrates [5]. Acarbose has been shown
to decrease the risk of progressing to diabetes in subjects
with impaired glucose tolerance (IGT); some studies have
also suggested that Acarbose could decrease the risk of
cardiovascular disease both in IGT and diabetes [27].

Alpha glucosidases enzyme is physiologically present in the
lumen of the small intestine. These enzymes are responsible
for the catabolism of disaccharides, trisaccharides &
oligosaccharides. AGI inhibit these glucosidases, thereby
reducing the post-prandial spikes in blood glucose levels.
Production of insulin by beta cells is not affected neither is
the action of insulin on peripheral cells, therefor
hypoglycemia does not occur. Apart from acting on alpha
glucosidases, AGI also act on maltase and sucrase, which
physiologically hydrolyze complex starch to
oligosaccharides and sucrose to glucose respectively [28].

AGI are generally prescribed to be taken before meals and
dosage should be adjusted according to meal times. Patients
that have irregular eating habits along with very high post-
prandial glucose levels benefit the most from AGI therapy.
Side-effects are pertinent to the Gl tract such as flatulence
and abdominal cramping due to excessive unabsorbed fats.
These are however dose related and tolerance develops over
time, thus gradual increase in dosage would prove to be
most beneficial [29].
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Thiazolidinedione (TZD):

Rosiglitazone and pioglitazone are members of a sub-class
of TZD. They are known to modulate the peroxisome
proliferator-activated receptor-y (PPAR-y), which is a
nuclear hormone receptor, leading to an increase in insulin
sensitivity [5], [30]. Ligands to the PPAR-y receptor are
capable of regulating adipocyte production, secretion of fatty
acids and glucose metabolism, as well as achieving
beneficial effects on insulin action & beta-cell function [31]-
[33]. Glycemic control is achieved relatively easily when
TZD is used therapeutically as compared to other anti-
diabetic drugs especially sulfonylureas [34].

The Adverse effects associated with TZD are weight gain,
headache, anemia, and edema, especially with co-
administration of insulin is the increased propensity to
fractures [25]. Heart failure is a very alarming potential
adverse effect as treatment with TZD increases the
likelihood of morbidity by two folds. Meta-analyses have
reported a 30-40% increase in the risk of myocardial
infarction in patients that were treated with rosiglitazone.

On the contrary pioglitazone is shown to be associated with
lower risk of cardiovascular events as compared to any other
anti-diabetic therapy [35]-[37]. Rosiglitazone treatment is
also associated with increased LDL & decreased HDL
cholesterol levels, where as pioglitazone is linked with
improved lipid profile [38]. On the contrary there is no data
conclusively indicated the beneficial affects of pioglitazone
or harmful effects of rosiglitazone-on the cardiovascular
system. American Diabetes Association & European
Association for the Study of Diabetes on the management of
type Il diabetes mellitus recommends the use of pioglitazone
as opposed to rosiglitazone [39]. Lower dose of TZD when
co-administered with  metformin creates an ideal
combination for glycemic control with low risk.

Meglitinides

This class of anti-hyperglycemic drugs is comparable to
sulfonylurea in action where as it is analogous to AGIs in
terms of routes of administration of the medication. Unlike
sulfonylurea, however, meglitinides are short-acting drugs,
implying they have rapid onset with short duration of action
[41]. Therefore it is always prescribed to take one to thirty
minutes before a meal, often requiring several doses daily.
Repaglinide & Nateglinide both act through stimulation of a
“distinct site” on the sulfonylurea receptor (SUR). This
receptor is essentially an ATP-sensitive K+ channel, which
on stimulation results in insulin secretion, thus their action
solely depends on functioning pancreatic beta-cells [40],
[41].

Both drugs undergo hepatic metabolism by CYP3A4,
member of cytochrome P450 family, to inactive products,
consequently any medication that enhances e.g. rifampin, or
inhibits e.g. fluconazole, the activity of these enzymes,
accordingly depresses or increases the glucose lowering
effect [42]. Side effects are comparatively similar to that of
sulfonylureas, but with decreased incidence of hypoglycemia
& weight loss.

GLP-1 analogs

Glucagon is a hormone that is secreted by the alpha cells of
the islets of Langerhans, as a consequence of hypoglycemia.
Glucagon increases glucose levels in the blood, by initiating
several processes like gluconeogenesis, glycogenolysis &
lipolysis. Therefore it has actions that completely oppose
that of insulin, yet a very peculiar fact is that glucagon also
increases the secretion of insulin. Glucagon-like peptide-
1(GLP-1), as the name suggests, are structurally similar to
glucagon. It has been reported that oral glucose
administration compared to same equal dose given
intravenously, results in higher levels of insulin in blood.
This effect, called “incretin effect” is due to the secretion of
gastrointestinal hormones, notably GLP-1. Patients with type
Il diabetes mellitus, have a reduced “incretin effect”.
Recently, a new drug, exenatide which has about fifty
percent homologous polypeptide sequence to GLP-1, has
been developed. Exenatide mediates its action through
stimulating the GLP-1 receptor. This drug not only acts as
an insulin secretagogue, but also slows down gastric
emptying, reduces weight, lowers blood pressure &
glucagon levels, improves lipid profile & HbAlc and
promotes myocardial functions [43], [44]. The loss of beta
cells is also decreased as GLP-1 promotes beta cell
regeneration, thus halting disease development [45], [46].
Being a polypeptide, GLP-1 can only be administered
parentally, which is a disadvantage, as repeated injections
are required due to its short duration of action.
Gastrointestinal side effects such as nausea, diarrhea,
hypoglycemia & pancreatitis have been reported [44]-[47].

Amylin analogs

These are principally synthetic analogues of the human
hormone amylin. Physiologically, levels of amylin increase
after food intake, this hormone serves to decrease gastric
emptying & glucagon secretion [48]. Analogs of amylin,
such as the prototype drug, Pramlintide functions in the
same manner as amylin. Analogous to GLP-1s, amylin
analogs must be administered parentally only in concurrent
insulin users, which is a major problem. Adverse effects
include nausea, weight loss and hypoglycemia [44].

DPP-4 inhibitors

Dipeptidyl peptidase-4 (DPP-4) is an enzyme that degrades
incretin in the human body. Incretins e.g Glucagon-like
peptide-1 (GLP-1) & gastric inhibitory polypeptides (GIP)
are hormones that are essential for digestion & absorption of
nutrients like glucose [45]. Thus, DPP-4 inhibitors allow
increased incretin levels [46]-[48]. As greater insulin
secretion is achieved via increased incretin, DPP-4 inhibitors
indirectly permit glycemic control. Sitagliptin is prototype of
DPP-4 inhibitors; it is orally administered & is well
tolerated. DPP-4s are widely believed to ultimately improve
beta cell function [49]. Undesirable effects include Upper
Respiratory infections (URI), nasopharyngitis, headache &
Urinary Tract infections (UTI) [50], [51].

Bile acid sequestrants

Bile acid sequestrants, originally used for hyperlipidemia,
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have been shown to control normal glycemic levels [52]. Its
mechanism of action is unknown. Bile salts have membrane
and nuclear receptors, thus it is postulated that modification
of the related pathways by bile acid sequestrants leads to
glycemic control & improvement in lipid profile [53]. For
instance, bile acids are ligands for intestinal farnesoid X
receptors. Binding of bile salts sequestrant down regulates
the activity of the farnesoid X receptors, therefore lead to
decreased SHP. SHP inhibits liver X receptor activity; hence
bile salt sequestrants indirectly increase the liver X receptor
activity. Liver X receptor has been depicted as a “glucose
sensor”, reduced glucose levels are seen with increased liver
X receptor activity [54], [55]. Colesevelam Hydrochloride
(Hcl) is a prototype drug that was approved in January 2008,
as part of a combination therapy, when used with
sulfonylurea, metformin or insulin [56], [57]. Research has
shown that treatment with colesevelam Hcl leads to a
reduction in fructosamine, fasting blood glucose (FBG),
total cholesterol, HbAlc & high-sensitivity C-reactive
protein (hsCRP), on the contrary, levels of triglyceride (TG)
& ApoA-I lipoprotein are considerably increased [53], [58].
Gastrointestinal side effects such as constipation, vomiting,
and abdominal pain have been documented.

Dopamine receptor agonists

In 2009, the US Food and Drug Administration (FDA)
approved  yet another  anti-hyperglycemic  drug.
Bromocryptine, a prototype drug, acts on the hypothalamic
centres, which control the post-prandial insulin mediated
glucose & lipid metabolism. By this means, it reduces post-
prandial hyperglycemia & hyperlipidemia [59]. Side effects
include nausea, vomiting, orthostatic hypotension, dizziness
& headaches.

2. Method

This study is a review of literature and descriptive,
retrospective cohort review of 518 patients with type Il
diabetes mellitus, which were under treatment at the Aga
Khan University Hospital (AKUH) Karachi during 2007-
2010. We selected the age group 35 to 65 years with
duration of diabetes between 5 to 35 years as inclusion
criteria, rest of the patients were excluded. Information from
medical records was collected which included age, gender,
duration of diabetes, class of anti-hyperglycemic medication
prescribed, fasting blood sugar (FBS) at 2-4 month follow
up. Statistical analysis was done using SPSS V.16 program.
Further web based information for the drugs review was
collected from different data bases through reviews, papers
and books. The boundaries used are arbitrary values for FBS
levels to differentiate a pathological condition from a normal
one in our population. FBS values of less than 110 are
considered normal, values between 110 and 126 are
considered impaired FBS levels and levels above 126 are
considered to be hyperglycemic. This is according to WHO
criteria generally followed at the time of patient treatment in
Pakistan Patients were further classified on initial oral
hypoglycemic agent monotherapy or initial combination
therapy

3. Results and Discussion

Total of 518 type Il diabetics met the inclusion criteria
consisted of age group of 35-65 years, and duration of
diabetes from 5-30 years. Among the subjects 261 (50.4%)
were male and 257 (49.6%) were female. Mean age of all the
patients was 55+ 10 years and the median duration of
diabetes was 18 years. Results showed that four classes of
oral anti-hyperglycemic drugs were being employed in our
population in order to treat chronic hyperglycemia in type Il
diabetes. These were Biguanides (61%), Sulfonylurea’s
(45%), Thiazolidinediones (5%) and Alpha-glycosidase
inhibitors to 2% of patients.

Figure 1
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Figurel: Drugs employed to control Hyperglycemia

Furthermore, insulin was utilized in 56% of the selected
population which represented the fact that more than 50% of
our population depended on insulin for management of
blood glucose at times.

In 21% of the sample size glycemic levels reached to normal
as <110 mg/dl after treatment. While 13% reached to
impaired FBS level >110-<126 (95 %ClI, OR 0.58, p= 0.098)
and 66% of population were in undesirable range (95 % ClI,
OR 2.74, p= 0.00026) as shown in fig 2.
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Figure 2: Glycemic index after treatment of Hyperglycemia

Treatment with a single drug in case of Insulin only was
given to 17% of patients, could gain controlled levels high
effect in 4% patients of total population. Biguanides only
was given to 11% of patients and 45% out of these got their
hyperglycemic levels controlled (p= 0.006). The
sulphonylurea’s alone were given to 4% of patients which
could not bring them to desired glycemic levels of < 126
mg/dl (Fig 3).
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Figure 3: Efficacy of single drug treatment

The drugs were used in combination to control
hyperglycemia as well Total of 90% population with
hyperglycemia of type Il was treated with anti-
hyperglycemic dugs, while 10% were advised for non-drug
therapy such as diet and exercise. Treatment with diet and
exercise was effective on 5% of population

tablel

Table 1: Response of Patient Population to reduce glycemic
level by Treatment

Population . .
Treatment tregted (%) % population attained
FBS: FBS: FBS:
<110 | >110 - <126 | >126
No medication 10
Diet and exercise 4 1 5
Ins 17 2 2 13
Big 11 3 2 6
Thi 0 0.53 0 0
Sulf 4 0 0 4
Ins+Big 12 3 2 7
Ins+Sulf 5 3 0 2
Ins+Thi 2.53 0.53 0 2
Big+Sulf 16.00 2.00 2 12
Ins+Big+Sulf 16.00 2 3 11
Big+Sulf+Thi 2 0 0 2.0
Big+Sulf+Alphal 1 0 0.53 0.53
Ins+Big+Sulf+Thi 1.06 0.53 0 0.53
Ins+Big+Sulf+Alphal 1 0 0 0.53
SUM 20.56 13 66

Among the mono-therapy Insulin was used most of the time,
however the efficacy of the biguanides was significant (95%
Cl, OR 2.71). Insulin used was in the form of humulin,
Mixtard and Lantus. Bigunides were taken in the form of
Metformin or Glucophage. Sulphonylureas were taken in the
form of gliclazides (diamicron) glimepirides (amaryl, getryl)
and glibn clamide (daonil). Alphaglucosidase inhibitors
were given in the form of acarbose (glucoby).
Thiazinolidiones were given in the form of pioglitazones:
actos, piozer: avandia and zolid.

Over all in response to single oral medications given to 32 %
of population, the results of FBS at 2-4 month follow up was
such that 5% of the patients attained FBS <110 mg/di+ 3.3
SD, 4% of the patients attained FBS >110 mg/dl to <126
mg/di+ 3.1 SD and 23% of the patients could not acquire
desirable levels but attained FBS values >126+ 14 mg/dl

(95% CI, OR 2.24, p=0.048) Combination therapy that was
adopted usually consisted of two medications, but three and
more were also being used for patients with unregulated
blood glucose. In combination, insulin with biguanides and
sulfonylureas was used in 16% population while
sulfonylureas and biguanides use was also in 16% of the
population. Difference in bringing the glycemic control with
both of these drugs at the reasonable level was not
significant as 3% vs. 2%, indicating the fact that
combinatorial effect is synergistic. None of the drugs
provided the additive effect. Since these drugs have different
pathways to control the hyperglycemia this also indicate the
complex mechanism of signaling interaction, perhaps all
required mechanisms cannot be switched on at one time.

In response to double therapy 9% of population was able to
achieve the glycemic levels to 110mg/dl, and 4% reached to
gain levels <126 but >110mg/dl while 23% of the patients
could not reach to desirable levels and were found having
levels > 126mg/dl (95% CI, OR 1.48, p=0.029) . Regarding
treatment given with triple therapy could gain 110 mg/dl in
only 2% of patients and FBS levels were >110-<126 in 4%
of patients while 14 % remained with FBS levels higher than
126mg/dl (95% CI, OR 1.92, p=0.23). Further significantly
low number of population was given additional add on
therapy with four drugs among these 0.53 % could achieve
levels <110 mg/dl and levels >110-<126 mg/dl each, while
around 2% population could not achieve the desirable levels
Overall 32% of patients were on mono therapy 365 of
patients were on doule combination of medication and 19%
was on triple therapy .While 2% was on combination of four
oral hypoglycemic drugs

Moreover observations indicated that prescribed medications
were independent of duration of diabetes as shown in figure
4. In the interval of 6-15 years, biguanides were employed
the most in 68% of the patients. Drug remained effective for
large number of patients likely due to not causing
hypoglycemic actions and also of low risk of CVD events.
Further as diabetes became chronic approaching 30 years,
biguanides usage decreased. Sulfonylureas usage increased
from 38% in the interval 6-10 years and peaked at 58% in
patients with less than 15 years of diabetes. A drastic
decrease was observed in the interval 16-20 years, as it
declined to 28%; as it may be causing frequent episodes of
hypoglycemia, increased weight gain and risk of myocardial
ischemia. Another rise was seen in the interval 21-25 years.
Thiazolidinediones were infrequently utilized, always as a
part of combination therapy. They were gradually used more
and more in combination therapy as the disease became
chronic, peaking at 19% in patients with diabetes for 27
years. Less usage is because of disadvantages associated
with the drug, such as edema, heart failure, and risk of bone
fracture. Alpha- Glucosidase inhibitors were seldom used in
patients with diabetes of less than 20 years. Probably
because of its moderate cost not affordable by many
patients. Drug choice is based on preferences to keep side
effects minimum, while reducing the hyperglycemic
condition.
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In the interval 21-25 vyears AGI usage increased
significantly, reaching 18%. Insulin inclusion in the
treatment regimen was the last resort. In the interval 16-20
years, greatest amount of insulin usage was observed,
peaking at 96% to bring hyperglycemia in control.

The uninformed values of FBS are used to diagnose Type Il
diabetes mellitus in undiagnosed patients but we used them
to equate it with drug efficacy since the objective of
hyperglycemic drugs is to keep blood glucose levels within a
normal range. Insulin and biguanides turned out to be
efficacious in this selected population and therefore were
employed more than other classes.

Also, not all the current anti-hyperglycemic medications are
being used in our population possibly due to the increased
cost of newer medications such as GLP-1 analogs and
meglitinides being not easily affordable in majority of
population in the developing countries. Selection of the
drugs was also moving around the patients clinical relevant
issues. Awareness amongst the GPs, lack of availability of
the medications and compliance issues are another factor.
Factors such as patients’ beliefs, attitudes and adherence also
contributed to the result, as disparity was found between
socio-economic class and outcome of treatment, which is in
accordance with reports in literature [60]

4. Conclusion

Diabetes requires life-long treatment and constant vigilance
with regards to dietary habits and regular medications.
Insulin and biguanides were one of the mainstays of therapy
in the first two decades of diabetes treatment, whereas
sulfonylureas were prescribed throughout the course of the
disease. Alpha-glucosidases and thiazolidinediones were not
used as commonly as biguanides and sulfonylureas. Higher
levels of glycaemia in 66% of population after treatment
regimens indicated requirement of intensification in therapy.

References

[1] M. C. Venables, A. E. Jeukendrup, Physical inactivity
and obesity: links with insulin resistance and type 2
diabetes mellitus, Diabetes Metab Res Rev, Suppl 1,
$18-23, 2009.

[2] A. Rohatgi, D. K. McGuire,
thiazolidinedione ~ medications  on

Effects of the
micro-  and

macrovascular complications in patients with diabetes--
update, Cardio Drugs Ther, Jun, 22(3), pp. 233-40,
2008.

[3] N. Perez, J. Moisan, C. Sirois, P. Poirier, J.P. Gregoire,
Initiation of insulin therapy in elderly patients taking
oral antidiabetes drugs, CMAJ, ,180(13), pp. 1310-6,
2009.

[4] G.A. Nichols, C.M. Alexander, C.J. Girman, S.J.
Kamal-Bahl, J.B. Brown, Contemporary analysis of
secondary failure of successful sulfonylurea therapy,
Endocr Pract, 13(1), pp. 37-44, 2007.

[5] Richard D. Howard, Mary J. Mycek, Insulin & Oral
hypoglycemic drugs, Pharmacology 3™ ed, Lippincotts
Ilustrated Reviews,3, pp. 288-289, 2006.

[6] C. Gary Rosenfeld, S. David Loose, Drugs acting on
Endocrine System, Pharmacology (4" eds.), Board
Review Series, 4, pp. 250-251, 2007.

[7]1 R.R. Koski, Practical review of oral antihyperglycemic
agents for type 2 diabetes mellitus, Diabetes Educator,
32(6), pp. 869-76, 2006.

[8] G. Nijpels, W. Boorsma, J. M. Dekker, F. Hoeksema, P.
J. Kostense, L. M. Bouter, et al, Absence of an acute
insulin response predicts onset of type 2 diabetes in a
Caucasian population with impaired glucose tolerance, J
Clin Endocrinol Metab, 93(7), pp. 2633-8, 2008.

[9] C. Martin, The physiology of amylin and insulin:
maintaining the balance between glucose secretion and
glucose uptake, Diabetes Educator, 32 Suppl 3, pp. 101-
104, 2006.

[10] M. Ridderstrale, E. Nilsson, Type 2 diabetes candidate
gene CAPN10: first, but not last, Curr Hypertens Rep,
Feb, 10(1), pp. 19-24, 2008.

[11] K. Ohtsubo, S. Takamatsu, M. T. Minowa, A. Yoshida,
M. Takeuchi, J. D. Marth, Dietary and genetic control of
glucose transporter 2 glycosylation promotes insulin
secretion in suppressing diabetes, Cell, 123(7), pp.
1307-21, 2005.

[12]Y.M. Leung, E.P. Kwan, B. Ng, Y. Kang, H.Y.
Gaisano, SNAREing voltage-gated K+ and ATP-
sensitive K+ channels: tuning beta-cell excitability with
syntaxin-1A and other exocytotic proteins, Endocr Rev,
28(6), pp. 653-63, 2007.

[13]E.R. Pearson, I. Flechtner, P.R. Njglstad, M.T. Malecki,
S.E. Flanagan, B. Larkin, F.M. Ashcroft, 1. Klimes, E.
Codner, V. lotova, A.S. Slingerland, J. Shield, J.J.
Robert, J.J. Holst, P.M. Clark, S. Ellard, O. Sgvik, M.
Polak, A.T. Hattersley, Neonatal Diabetes International
Collaborative Group. Switching from insulin to oral
sulfonylureas in patients with diabetes due to Kir6.2
mutations, N Eng. J Med, 355(5), pp. 467-77, 2006.

[14]C.L. Zhang, M. Katoh, T. Shibasaki, K. Minami, Y.
Sunaga, H. Takahashi, N. Yokoi, M. Iwasaki, T. Miki,
S. Seino, The cAMP sensor Epac 2 is a direct target of
antidiabetic sulfonylurea drugs, Science, 325(5940), pp.
607-10, 2009.

[15] D.N. Juurlink, M. Mamdani, A. Kopp, A. Laupacis,
D.A. Redelmeier. Drug-drug interactions among elderly
patients hospitalized for drug toxicity, JAMA, 289(13),
pp. 1652-8, 2003.

[16]K.J. Fehske, U. Schafer, U. Wollert, W.E. Muller,
Characterization of an important drug binding area on
human serum albumin including the high-affinity

Volume 4 Issue 5, May 2015
wWww.ijsr.net

Paper ID: SUB154655

Licensed Under Creative Commons Attribution CC BY

2397



http://www.ncbi.nlm.nih.gov/pubmed/16885550?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16885550?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16885550?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16885550?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16885550?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16885550?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Katoh%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shibasaki%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Minami%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sunaga%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Takahashi%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yokoi%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Iwasaki%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miki%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Seino%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed/12672733?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12672733?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

binding sites of warfarin and azapropazone, Mol
Pharmacol, 21(2), pp. 387-93, 1982.

[171J.L. Wright, J.L. Stanford, Metformin use and prostate
cancer in Caucasian men: results from a population-
based case-control study, Cancer Causes Control, 20(9),
pp. 1617-22, 20009.

[18]G. Anfossi, |. Russo, K. Bonomo, M. Trovati,The
Cardiovascular Effects of Metformin: Further Reasons
to Consider an Old Drug as a Cornerstone in the
Therapy of Type 2 Diabetes Mellitus, Curr Vasc
Pharmacol, 8: 327-37, 2010.

[19]R.S. Hundal, M. Krssak, S. Dufour, D. Laurent, V.
Lebon, V. Chandramouli, S. E. Inzucchi, W. C.
Schumann, K. F. Petersen, B. R. Landau, G.I. Shulman,
Mechanism by which metformin reduces glucose
production in type 2 diabetes, Diabetes, 49(12), pp.
2063-9. 2000.

[20]CT. Lim, B. Kola, M. Korbonits. AMPK as a mediator
of hormonal signalling, J Mol Endocrinol, 44, 87-97,
2010.

[21]1D. Kim, K. G. Park, Y. S. Lee, Y. Y. Park, D. K. Kim,
B. Nedumaran, W. G. Jang, W. J. Cho, J. Ha, I. K. Lee,
C. H. Lee, H. S. Choi. Metformin inhibits hepatic
gluconeogenesis through AMP-activated protein kinase-
dependent regulation of the orphan nuclear receptor
SHP. Diabetes, Feb, 57(2), 306-14, 2008.

[22]M.F. McCarty,Chronic activation of AMP-activated
kinase as a strategy for slowing aging, Med Hypotheses,
63(2), pp. 334-9, 2004.

[23] A. Hassouna, M. Loubani, B.M. Matata, A. Fowler,
N.B. Standen, M. Galifianes, Mitochondrial dysfunction
as the cause of the failure to precondition the diabetic
human myocardium, Cardiovasc Res, Feb 1, 69(2), pp.
450-8, 2006.

[24]1D. Zhen, Y. Chen, X. Tang,Metformin reverses the
deleterious effects of high glucose on osteoblast
function, J Diabetes Complications, 24(5), 334-44, 2010

[25]S. Yaturu, B. Bryant, S. K. Jain. Thiazolidinedione
treatment decreases bone mineral density in type 2
diabetic men, Diabetes Care, 30(6), pp. 1574-6, 2007.

[26]G. C. Jones, J.P. Macklin, W.D.
Alexander,Contraindications to the use of metformin,
BMJ, 326(7379), pp. 4-5, 2003.

[27]F.A. Van de Laar, P.L. Lucassen, R.P. Akkermans, E.H.
Van de Lisdonk, W.J. De Grauw,Alpha-glucosidase
inhibitors for people with impaired glucose tolerance or
impaired fasting blood glucose, Cochrane Data base Sys
Rev, 18;(4), pp. CD005061. 2006.

[28]D. Jureti¢, S. Bernik, L. Cop, M. Hadzija, R. Petlevski,
J. Lukac-Bajalo. Short-term effect of acarbose on
specific intestinal disaccharidase activities and
hyperglycaemia in CBA diabetic mice. J Anim Physiol
Anim Nutr (Berl), 87(7-8), 263-8, 2003

[29]A. Godbout, J.L. Chiasson, Who should benefit from
the use of alpha-glucosidase inhibitors? Curr Diab Rep,
7(5), pp. 333-9, 2007.

[30]J.L. Leahy. Thiazolidinediones in prediabetes and early
type 2 diabetes, what can be learned about that disease's
pathogenesis, Curr Diab Rep, Jun, 9(3), pp. 215-20,
2009.

[31]R.A. Defronzo, Banting Lecture, from the triumvirate to
the ominous octet: a new paradigm for the treatment of

type 2 diabetes mellitus, Diabetes, 58 (4), pp. 773-795,
2009.

[32]H. Yki-Jarvinen, Thiazolidinediones, N Eng. J Med,
351, pp. 1106-1118, 2004.

[33] T.A Buchanan, A.H Xiang, R.K Peters, S.L Kjos, A
Marroquin, J Goico, C Ochoa, S Tan, K Berkowitz, H.
N Hodis, S. P Azen, Preservation of pancreatic beta-cell
function and prevention of type 2 diabetes by
pharmacological treatment of insulin resistance in high-
risk Hispanic women, Diabetes, 51(9), pp. 2796-2803,
2002.

[34]S.E. Kahn, S.M. Haffner, M.A. Heise, et al., ADOPT
Study Group, Glycemic durability of rosiglitazone,
metformin, or glyburide monotherapy. N Eng. J Med,
355, pp. 2427-2443, 2006.

[35]S. Singh, Y.K. Loke, C.D. Furberg, Long-term risk of
cardiovascular events with rosiglitazone: a meta-
analysis, JAMA, 298, pp. 1189-1195, 2007.

[36] D.M. Nathan, J.B. Buse, and M.B. Davidson, et al.
Management of hyperglycemia in type 2 diabetes: a
consensus algorithm for the initiation and adjustment of
therapy: update regarding thiazolidinediones: a
consensus statement from the American Diabetes
Association and the European Association for the Study
of Diabetes, Diabetes Care, 31(1), pp. 173-175, 2008.

[37]S.E. Nissen, K. Wolski, Effect of rosiglitazone on the
risk of myocardial infarction and death from
cardiovascular causes, N Engl J Med, 356, 2457-2471,
2007.

[38] M. Hanefeld,The role of pioglitazone in modifying the
atherogenic lipoprotein profile, Diabetes Obes Metab,
11(8):742-56, 20009.

[39] D.M. Nathan, J.B. Buse, M.B. Davidson, E. Ferrannini,
R.R. Holman, R. Sherwin, B. Zinman. American
Diabetes Association; European Association for Study
of Diabetes. 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,
32(1), pp. 193-203, 2009.

[40]F.M. Gribble, F. Reimann, Differential selectivity of
insulin secretagogues: mechanisms, clinical
implications, and drug interactions,)] Diabetes
Complications, 17(2 Suppl), 11-5, 2003.

[41]S. Hu, B.R. Boettcher, B.E. Dunning, The mechanisms
underlying the unique pharmacodynamics of
nateglinide, Diabetologia, 46 Suppl 1, pp. M37-43,
2003.

[42] AJ. Scheen, Drug-drug and  food-drug
pharmacokinetic interactions with new insulinotropic
agents repaglinide and nateglinide. Clin Pharmacokinet,
46(2), 93-108, 2007.

[43] D. J. Grieve, R. S. Cassidy, B. D.Green, Emerging
cardiovascular actions of the incretin hormone
glucagon-like peptide-1: potential therapeutic benefits
beyond glycaemic control? British J Pharmacol, 157(8),
pp. 1340-51, 20009.

[44] M.C. Riddle, D.J. Drucker. Emerging therapies
mimicking the effects of amylin and glucagon-like
peptide 1, Diabetes Care, Feb, 29(2), pp. 435-49, 2006.

Volume 4 Issue 5, May 2015

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SUB154655

2398



http://www.ncbi.nlm.nih.gov/pubmed/19485923?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19485923?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19485923?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19485923?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11118008?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11118008?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19625456?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19625456?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17909097?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17909097?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17909097?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17909097?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15236799?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15236799?ordinalpos=5&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16330008?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16330008?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16330008?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19628413?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19628413?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19628413?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17363747?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17363747?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17363747?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12511434?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17054235?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17054235?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/17054235?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12864906?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12864906?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/12864906?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18173965?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18173965?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19490823?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19490823?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19490823?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19519869?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19519869?ordinalpos=4&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gribble%20FM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Reimann%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Diabetes%20Complications.');
javascript:AL_get(this,%20'jour',%20'J%20Diabetes%20Complications.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hu%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boettcher%20BR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dunning%20BE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Diabetologia.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Scheen%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Clin%20Pharmacokinet.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Grieve%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cassidy%20RS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Green%20BD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Br%20J%20Pharmacol.');

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

[45] A.H. Barnett, New treatments in type 2 diabetes: a
focus on the incretin-based therapies,Clin Endocrinol
(Oxf), 70(3), pp. 343-53, 2009.

[46]G. I. Uwaifo, R. E. Ratner. Differential effects of oral
hypoglycaemic agents on glucose control and
cardiovascular risk. Am J Cardiol, 99, PP. B51-67,
2007.

[47TW.A. Ayoub, A.A. Kumar, H.S. Naguib, H.C. Taylor,
Exenatide Induced Acute Pancreatitis, Endocr Pract,
Aug 24, PP. 1-16. 20009.

[48]S. Edelman, H. Maier, K. Wilhelm, Pramlintide in the
treatment of diabetes mellitus, BioDrugs, 22(6), PP.
375-86, 2008.

[49]E.J. Verspohl, Novel therapeutics for type 2 diabetes:
incretin hormone mimetics (glucagon-like peptide-1
receptor agonists) and  dipeptidyl peptidase-4
inhibitors,Pharmacol Ther, Oct, 24(1), PP. 113-38,
20009.

[50]1K. A. Lyseng-Williamson, Sitagliptin Drugs, 67, PP.
587-97, 2007.

[51]1R.E. Amori, J. Lau, A.G. Pittas, Efficacy and safety of
incretin therapy in type 2 diabetes: systematic review
and meta-analysis, JAMA, 298(2), PP. 194-206, 2007.

[52]B. Staels, A review of bile acid sequestrants: potential
mechanism(s) for glucose-lowering effects in type 2
diabetes mellitus, Postgrad Med, 121(3 Suppl 1), PP.
25-30, 20009.

[53] E. Harold Bays, B. Ronald Goldberg, E. Kenneth Truitt,
R. Michael Jones, Colesevelam Hydrochloride Therapy
in Patients with Type 2 Diabetes Mellitus treated with
metformin: Glucose and Lipid Effects, Arch Intern
Med, 168(18), PP. 1975-1983, 2008.

[54]N. Mitro, P.A. Mak, L. Vargas, C. Godio, E. Hampton,
V. Molteni, A. Kreusch, E. Saez, The nuclear receptor
LXR is a glucose sensor, Nature, 445(7124), 219-223,
2007.

[55]B.A. Laffitte, L.C. Chao, J. Li, R. Walczak, S.
Hummasti, S.B. Joseph, A. Castrillo, D.C. Wilpitz, D.J.
Mangelsdorf, J.L. Collins, E. Saez, P. Tontonoz,
Activation of liver X receptor improves glucose
tolerance through coordinate regulation of glucose
metabolism in liver and adipose tissue, Proc Natl Acad
Sci U S A, 100(9), PP. 5419-5424, 2003.

[56] Y. Handelsman, The role of colesevelam HCI in type 2
diabetes mellitus therapy, Postgrad Med, 121(3 Suppl
1), PP. 19-24, 2009.

[57]A.B. Goldfine, V.A.Fonseca, The use of colesevelam
HCI in patients with type 2 diabetes mellitus: combining
glucose- and lipid-lowering effects, Postgrad Med,
121(3 Suppl 1), PP. 13-8. 20009.

[58]1. Jialal, S.L. Abby, S. Misir, S. Nagendran,
Concomitant reduction in low-density lipoprotein
cholesterol and glycated hemoglobin with colesevelam
hydrochloride in patients with type 2 diabetes: a pooled
analysis, Metab Syndr Relat Disord, 7(3), PP. 255-8,
20009.

[59]F. Contreras, C. Foullioux, B. Pacheco, C. Maroun, H.
Bolivar, M. Lares, E. Leal, R. Cano, V. Bermidez, M.
Velasco, Effect of drugs interacting with the
dopaminergic receptors on glucose levels and insulin
release in healthy and type 2 diabetic subjects, Am J
Ther, 15(4), 397-402, 2008.

[60]R.A. Shenolikar, R. Balkrishnan, F.T. Camacho, J. T.
Whitmire, R.T. Anderson, Race and Medication
Adherence in Medicaid Enrollees with Type-2 Diabetes,
J. Natl Med Assoc, 98(7), PP. 1071-1077, 2006.

Volume 4 Issue 5, May 2015

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SUB154655

2399



http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Barnett%20AH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Clin%20Endocrinol%20(Oxf).');
javascript:AL_get(this,%20'jour',%20'Clin%20Endocrinol%20(Oxf).');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ayoub%20WA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kumar%20AA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Naguib%20HS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Taylor%20HC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Endocr%20Pract.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Edelman%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maier%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wilhelm%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'BioDrugs.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Verspohl%20EJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Pharmacol%20Ther.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Amori%20RE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lau%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pittas%20AG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'JAMA.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Staels%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Postgrad%20Med.');
http://archinte.ama-assn.org/cgi/content/full/168/18/1975#AUTHINFO
http://archinte.ama-assn.org/cgi/content/full/168/18/1975#AUTHINFO
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Walczak%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hummasti%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Joseph%20SB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Castrillo%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wilpitz%20DC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mangelsdorf%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Collins%20JL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saez%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tontonoz%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Handelsman%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Postgrad%20Med.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Goldfine%20AB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fonseca%20VA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Postgrad%20Med.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jialal%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Abby%20SL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Misir%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nagendran%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
javascript:AL_get(this,%20'jour',%20'Metab%20Syndr%20Relat%20Disord.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Contreras%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Foullioux%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pacheco%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maroun%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bol%C3%ADvar%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bol%C3%ADvar%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lares%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Leal%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cano%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Berm%C3%BAdez%20V%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Velasco%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Am%20J%20Ther.');
javascript:AL_get(this,%20'jour',%20'Am%20J%20Ther.');



