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Abstract 
Diabetes mellitus is the chronic disorder emerging as a major world health problem which in- 
creases the rate of morbidity and mortality. The aim of the present study was to ascertain patterns 
of prescription of oral hypoglycemic agents to type 2 diabetic patients attending a university hos- 
pital, and to assess patient compliance. A prospective, observational and non-comparative study 
was conducted in 200 established diabetes mellitus type 2 patients attending outpatient depart- 
ment at Majeedia Hospital, New Delhi, India. Prescriptions from registered patients were included 
in the study. Once the consultation by the physician was over, the prescriptions were reviewed 
and the patients were interviewed. The information was collected in an inhouse designed docu- 
mentation proforma. In a pool of 200 type 2 diabetics, more than half were female (n = 106, 53%). 
The mean age of the patients were found to be 50.4 ± 11.7 years and mean body mass index, 25.8 ± 
4.4 kg/m2. A total of 432 oral hypoglycemic agents were prescribed to the patients. Highly signifi- 
cant number of patients was prescribed combination therapy, (n = 143, 71.5%) as compared to 
monotherapy (n = 57, 28.5%), p-value < 0.0001. Biguanides were the most commonly prescribed 
class of oral hypoglycemic agents, followed by sulphonylureas, thiazolidinediones and alpha-glu- 
cosidase inhibitors. Good compliance was seen in only 77.5% of the patients. Metformin was found 
to be the most commonly prescribed medicine. 
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1. Introduction 
Diabetes mellitus (DM) is one of the oldest diseases known to man, which was the first reported in Egyptian lit- 
erature about 3000 years ago [1]. The name diabetes was first given by the Greek Physician Aretaeus (30 - 
90CE). Avicenna, is the famous Arabian physician who first described the complications and progression of the 
disease [2]. People living with type 2 DM are more vulnerable to various forms of both short and long-term 
complications, which often lead to their premature death. 

In 1889, Joseph von Mering and Oskar Minkowski discovered the role of pancreas in diabetes. Sir Edward 
Albert Sharpey-Schafer in 1910 found that diabetes resulted from lack of insulin. Bantin, Best and Collip puri- 
fied the hormone insulin from pancreas of cows at the University of Toronto. This led to the availability of an 
effective treatment for diabetes in 1922. Trials to prepare an orally administrated antidiabetic agent ended suc- 
cessfully after first marketing of tolbutamide and carbutamide in 1955. 

Diabetes mellitus type 2 is a chronic disease characterized by coexisting insulin deficiency and insulin resis- 
tance, with the resultant hyperglycemia leading to micro and macro vascular complications [3]-[6]. Complica- 
tions include altered metabolism of lipids, carbohydrates, protein and an increased risk of vascular disease com- 
plication [7] [8]. The diagnosis is based on the American Diabetic Association (ADA) guidelines of 1997 or 
World Health Organization (WHO) national diabetic group criteria of 2006, which is for a single raised glucose 
reading with symptoms (polyuria, polydipsia, polyphagia and weight loss), or raised values on two occasions [9] 
[10] (Table 1). 

Type 2 diabetes is much more common and accounts for around 90% of all diabetes cases worldwide. It oc- 
curs most frequently in adults but is being observed increasingly in adolescents as well [8] [11]. WHO has esti-
mated that, in 2000, 31.7 million individuals were affected by diabetes in India and these figures are expected to 
rise to 79.4 million by the year 2030 [12]. A recent survey depicts that 4% of the adults in India suffered from 
diabetes in the year 2000 and it is expected to increase to 6% by the year 2025 [13]. Indeed, India today leads 
the world with largest number of diabetic subjects in any given country [14] [15]. Type 2 diabetes affects over 7% 
of the general US population at an annual cost of $132 billion [16]. 

Because of the progressive nature of the disease, an evolving treatment strategy is therefore necessary to 
maintain both fasting and postprandial glycemic control. ADA and European Association for the Study of Di- 
abetes (EASD) Consensus recommended a target of HbA1c <7% for good glucose control in clinical practice 
[17]. Insulin therapies are required when dietary restrictions and lifestyle modifications combined with oral hy- 
poglycemic agents (OHAs) fails to provide acceptable metabolic control [18]. United Kingdom Prospective Di- 
abetes Study (UKPDS) advocates for increasing requirement of multiple therapies in patients with type 2 dia- 
betes to achieve blood glucose (BG) target control [19]. 

Diabetes mellitus requires ongoing medical care as well as patient and family education both to prevent acute 
illness and to reduce the risk of long term complications. Evaluation of drug use has become an integral part of 
the pharmacotherapy. Participation in drug utilization study programmes can directly improve the quality of  

 
Table 1. Test indicated for diagnosis of diabetes mellitus type 2. 

S. No. Name of test Normal value Disease condition 

1. Glycated hemoglobin HbA1c Below 5.7 percent An HbA1c level of 6.5 percent or higher on 
two separate tests indicates diabetes 

2. Fasting blood sugar A fasting blood sugar level less 
than 100 mg/dL (5.6 mmol/L) 

≥7.0 mmol/L (126 mg/dL) on two separate  
tests indicates diabetes 

3. Oral glucose tolerance test A blood sugar level less than 
140 mg/dL (7.8 mmol/L) 

≥11.1 mmol/L (200 mg/dL) plasma glucose level 
of an oral glucose after two hours indicates diabetes. 
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patients’ care, by preventing the use of unnecessary or irrational drug therapy and by preventing adverse drug 
reactions [20]. Drug utilization studies provide physicians with feedback on their performance and assist the de- 
sign of educational programmes that may improve prescribing and drug use performance [21]. 

Considering the fact that, India carries a huge diabetic population which is swelling further, medicine utiliza- 
tion studies might be one of the strategies to rationalize the medicine use in diabetics and to manage disease 
better in the community. Hence a medicine utilization study of OHAs was carried out at the Medicine Outpatient 
Department (OPD) in Majeedia Hospital. There were two aims of the study to describe patterns of prescription 
of medicines to diabetics attending the hospital, and to assess patient compliance, which will serve as a good 
reference in analyzing prescribing trends and to formulate guidelines for rational prescribing of diabetic medi- 
cines in the hospital. 

2. Materials and Method 
2.1. Study Design and Study Site 
It was a prospective, observational and non-comparative study conducted at Medicine OPD in Majeedia Hospit- 
al, New Delhi, India, which is a 150-bed multi-specialty hospital. 

2.2. Methods 
The present study was carried out in 200 established type 2 diabetes patients, who visited the hospital for treat- 
ment during the time period of January 2005 to April 2005. The study protocol was approved by the Jamia 
Hamdard Institutional Review Board (JHIRB), vide letter number (02/05, dated 13 January 2005). The purpose 
and other details of the study were discussed with the patients. An oral consent was taken from all the partici- 
pating patients, prior inclusion in the study. Type 2 diabetes mellitus patients, irrespective of age and sex, who 
were prescribed at least one OHA were included in the present study. Diagnosed diabetic patients who do not 
receive pharmacological therapy, unable to reply verbal questions as well as mentally retarded and unconscious 
patients were excluded from the study. 

Once the consultation by the physician was over, the prescriptions were reviewed and the patients were inter- 
viewed using structured questionnaire (open question method). On every visit, information regarding the use of 
medicines was given to the patients. All the participating patients were asked to bring the remaining medicines 
as well as empty strips with them on next visit. Data were collected by a registered pharmacist that included reg-
istered patients only. The information included patients demographic details like age, sex, body weight, height, 
major disorders, comorbid conditions, family history, number of medicines prescribed, classes of medicines 
prescribed, medicine brand, secondary failure and compliance with the therapy. 

The failure of OHAs to control blood glucose after a period of success is referred to as secondary failure [22]. 
Because measures of glycemic control were not available of all the patients, a utilization proxy measure of 
switching or addition of another agent and after discussion with the treating physicians was used to estimate 
secondary failure. 

Although various types of methods are available for assessing patient compliance with the prescribed therapy 
that includes integration, residual tablet count, urine markers and drug analysis. In integration method, patients 
are interviewed regarding the use of medicines, so there are chances of incomplete information or wrong infor- 
mation. Other two methods like urine markers and drug analysis are time consuming, expensive and invasive in 
which unnecessary biological testing is required. Tablet counting, which is easy to apply and low cost, can also 
be used as standard, although it presents more accuracy problems than electronic monitoring [23]. Residual tab- 
let counting method is more feasible as it is less time consuming, does not require any biological testing, hence 
in our setting, patients’ compliance was determined by residual tablet counting method. Compliance data were 
documented as either <80 or ≥80% intake of recommended dosage regimen with the therapy at each visit. This 
limit (either <80 or ≥80% intake of recommended dosage regimen) was originally used to assess compliance to 
medication in patients with hypertension. 

2.3. Statistical Analysis 
The differences in proportions were compared by unpaired t-test where appropriate. Statistical significance was 
set for p < 0.05. All statistical analysis was performed using GraphPad InStat software Version 3.06. 
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3. Results 
During the study period, a total of 5530 patients with differing medical problems visited Medicine OPD in Ma- 
jeedia hospital. Out of these 200 (3.6%) suffering from type 2 diabetes mellitus, were selected for the study. 
More than half (n = 106, 53%) of the patients were females as compared to males (n = 94, 47%). The mean age 
of the patients was found to be 50.4 ± 11.7 years and mean body mass index (BMI), 25.8 ± 4.4 kg/m2, more than 
the normal value (Table 2). A large number of patients, 65 (32.5%) were under the age group of 41 - 50 years, 
followed by 61 (30.5%) and 39 (19.5%) in the age range of 51 - 60 and 31 - 40 years, respectively. Familial as- 
sociation with type 2 diabetes was seen in 36 (18%) of the patients. Male patients (n = 20, 55.6%) have shown 
more family history of diabetes mellitus than female patients (n = 16, 44.4%). 

During the study period, a total of 432 OHAs were prescribed to the patients. Insulin was prescribed in 17 pa- 
tients along with OHAs. The average number of OHAs prescribed per prescription was found to be 2.2. Bigua- 
nides (n = 160, 37%) were the most commonly prescribed class, followed by sulphonylureas (n = 138, 31.9%), 
thiazolidinediones (n = 107, 24.8%) and alpha-glucosidase inhibitors (n = 27, 6.3%). Among individual medi-
cines, metformin (n = 160, 37%) was the most frequently prescribed OHAs, followed by pioglitazone (n = 85, 
19.7%), glimepiride (n = 81, 18.7%) and gliclazide (n = 48, 11.1%) (Table 3). A significant number of patients 
were prescribed combination therapy (n = 143, 71.5%) as compared to monotherapy (n = 57, 28.5%), p < 0.0001. 
Fixed dose combination (n = 251, 58.1%) were more preferred over individual medicine (n = 181, 41.9%) given 
concurrently, extremely significant p < 0.0001. The patients were treated with one (n = 57, 28.5%), two (n = 74, 
37%), three (n = 51, 25.5%), four (n = 16, 8%) and five (n = 2, 1%) OHAs. Drug duplication was observed in 
five prescriptions (two in 5 drug regimen and three in 4 drug regimen). Almost all the medicines (n = 429, 
99.3%) were prescribed by brand name, only a fraction by generic name (n = 3, 0.7%). Upward dose change was 
observed in 13 (6.5%), while change in frequency was seen in 22 (11%) of the study population. 
 
Table 2. Patient demographics (n = 200). 

Study population 200 type 2 diabetes mellitus 

Gender 94 males (47%) 106 females (53%) 

Mean age 50.4 ± 11.7 years 

Mean BMI 25.8 ± 4.4 kg/m2 110 (55%) had BMI ≥ 25 kg/m2 

Family history 36 (18%) 

 
Table 3. Type of oral hypoglycemic agents prescribed. 

Class Drugs Number of patients prescribed % Consumption 

Sulphonylureas 

Glimepiride 81 18.7 

Gliclazide 48 11.1 

Glibenclamide 3 0.7 

Glipizide 6 1.4 

Total 138 31.9 

Biguanides Metformin 160 37 

Thiazolidinediones 

Pioglitazones 85 19.7 

Rosiglitazone 22 5.1 

Total 107 24.8 

Alpha-glucosidase inhibitors 

Acarbose 15 3.5 

Miglitol 12 2.8 

Total 27 6.3 

 Grand total 432 100 
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It was observed that only 155 (77.5%) of the patients showed good compliance (≥80% intake of recommend- 
ed dosage regimen) with the therapy. More compliance was observed in case of female (n = 86, 55.5%) as com- 
pared to male patients (n = 69, 44.5%). Patients were found to be more compliant with biguanides, (80%), fol- 
lowed by sulphonylureas (79.7%), thiazolidinediones (77.6%) and alpha-glucosidase inhibitors (70.4%). Maxi- 
mum compliance was observed with glibenclamide (100%), followed by miglitol (83.33%) and glimepiride 
(82.72%) (Table 4). Secondary failure was observed in 15 (7.5%) of the study population. Secondary failure 
was found to be slightly more in males (53.3%) as compared to females (46.7%). Maximum secondary failure 
was found with glibenclamide (100%), followed by glipizide (16.7%), miglitol (16.2%) and metformin (8.1%). 
No secondary failure was observed in case of acarbose (Table 5). A very high percentage (58.5%) of diabetes 
patients were found to be comorbid (p < 0.0001, extremely significant) with different types of diseases that in- 
cluded hypertension, (31%), followed by myocardial infarction, ischemic heart disease and hypothyroidism (3.5% 
each) (Table 6). 

 
Table 4. Patients compliance with oral hypoglycemic agents. 

Class of OHA Prescribed Name of OHA 
prescribed 

Total number of OHA  
prescribed 

Number of OHA 
compliance 

% of OHA 
compliance 

Sulphonylurea 

Glimepiride 81 67 82.7 

Gliclazide 48 36 75 

Glibenclamide 3 3 100 

Glipizide 6 4 66.7 

Total 138 110 79.7 

Biguanides Metformin 160 128 80 

Thiazolidinediones 
Pioglitazone 85 66 77.6 

Rosiglitazone 22 17 77.3 

 Total 107 83 77.6 

Alpha-glucosidase inhibitors 
Acarbose 15 9 60 

Miglitol 12 10 83.3 

 Total 27 19 70.4 

 
Table 5. Secondary failure observed with oral hypoglycemic agents. 

Class of OHA Prescribed Name of OHA 
prescribed 

Total number 
of OHA prescribed 

Number of drug responsible 
for secondary failure 

% secondary 
failure 

Sulphonylurea 

Glimepiride 81 6 7.4 

Gliclazide 48 2 4.2 

Glibenclamide 3 3 100 

Glipizide 6 1 16.7 

Total 138 12 8.7 

Biguanides Metformin 160 13 8.1 

Thiazolidinediones 

Pioglitazone 85 4 4.7 

Rosiglitazone 22 2 9.1 

Total 107 6 5.6 

Alpha-glucosidase inhibitors 

Acarbose 15 0 0 

Miglitol 12 2 16.2 

Total 27 2 7.4 



M. S. Alam et al. 
 

 
641 

Table 6. Diabetes patients and associated concomitant diseases. 

Diabetes with comorbid conditions Number of disease cases % of the disease cases* 

Diabetes mellitus + Hypertension 62 31 

Diabetes mellitus + Myocardial infarction 7 3.5 

Diabetes mellitus + Gout 2 1 

Diabetes mellitus + Congestive heart failure 4 2 

Diabetes mellitus + Ischemic heart disease 7 3.5 

Diabetes mellitus + Asthma 5 2.5 

Diabetes mellitus + Liver problem 4 2 

Diabetes mellitus + Hypothyroidism 7 3.5 

Diabetes + Chronic obstructive pulmonary disease 1 0.5 

Diabetes mellitus + Diabetic retinopathy 3 1.5 

Diabetes mellitus + Tuberculosis 3 1.5 

Diabetes mellitus + Cancer 1 0.5 

Diabetes mellitus + Anemia 1 0.5 

Diabetes mellitus + Diabetic foot 2 1 

Diabetes mellitus + Gastritis 2 1 

Diabetes mellitus + Hypertension + Diabetic foot 1 0.5 

Diabetes mellitus + Myocardial infarction + Asthma 2 1 

Diabetes mellitus + Hypertension + Asthma 2 1 

Diabetes mellitus + Hypertension + Congestive heart failure 1 0.5 

Total 117  
*The percentage of the concomitant disease has been calculated from a pool of 200 patients. 

4. Discussion 
This is very first medicine utilization study of OHAs conducted at our university hospital. Type 2 diabetes mel- 
litus was found to be most prevalent (32.5%) in the age group of 41 - 50 years (mean age 50.4 ± 11.7 years). The 
above figures indicate that type 2 diabetes is more prevalent in middle aged people. A study from Spain reported 
higher mean age, 60.5 ± 12.8 years in type 2 diabetes patients [24]. The proportions of male and female patients 
indicate that type 2 diabetes is slightly more common in case of female patients. This may be assigned to the fact 
that women are more obese than men [25] [26]. The other reasons might be due to lack of physical activity, life 
style changes, dietary habit and stress. Weight control would be the most effective way to reduce chances of 
type 2 diabetes. A high proportion (18%) of the study population was found to be linked with family history of 
type 2 diabetes mellitus. 

The mean number of OHAs per prescription was found to be 2.2, which is higher than the number reported by 
Sutharson et al., and lower than the previous records of 2.99 from Hong Kong [27]. In the present study met- 
formin (biguanide) consumption was high (37%), followed by sulfonylureas (31.9%). Das et al., reported bigua- 
nides (24.5%) and sulphonylureas (19.9%) as the most commonly prescribed OHAs [28]. Desai et al., reported 
the proportion of newly diagnosed patients initially treated with metformin increased from 51% to 65%, whereas 
those receiving sulfonylureas decreased from 26% to 18% [29]. Boccuzzi et al, reported consumption of sul- 
phonylureas that of 66.4% and metformin 24.3% [30]. A study from Taiwan reported sulfonylureas as the most 
commonly prescribed drug class followed by biguanides [31]. Metformin is the therapy of choice for overweight 
and obese patients with type 2 diabetes [32]. Metformin acts as a peripheral sensitizer of insulin and also has 
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beneficial effects on insulin resistance, an important factor in the pathogenesis of type 2 diabetes. It reduces car- 
diovascular-related mortality rates more than sulfonylurea [33]. Metformin is unlikely to cause severe hypogly- 
cemia, because it does not stimulate insulin release. So the physicians may have preferred metformin over other 
OHAs. 

A large number of patients (71.5%) were prescribed combination therapy to control diabetes. Because type 2 
diabetes mellitus is a progressive metabolic disease, which is difficult to control, so the physicians may have 
prescribed more combination medicines to control the blood glucose level in the type 2 diabetes patients. But at 
the same time it may create problems in forms of drug duplication, chances of drug interaction and adverse drug 
reactions. A study reported improved glycemic control following the addition of sulfonylureas to metformin, but 
deterioration resumes as early as 6 months [34]. It is recommended that only WHO approved fixed dose combi- 
nation products should be prescribed. The use of hospital formulary as approved by a competent pharmacy and 
therapeutic committee (PTC) is also recommended for rational use of medicines. Furthermore lifestyle modifi- 
cations, inclusive of dietary modification, regular physical activity and weight reduction are indicated for pre- 
vention of type 2 diabetes [35]. 

Change of dose and frequency was found to be an uncommon practice. Upward dosage change was observed 
in 6.5% of the study patients, which is remarkably less than the findings of Baccuzzi et al., who reported 15% - 
30% upward dosage changes [30]. As would be expected, need for dosage titration was justified with increasing 
duration of therapy, reinforcing issues related to agent efficiency or progression of the disease process. The 
change in frequency was found to be low, which is a good practice as it helps in patient compliance. As the drug 
frequency increases, the compliance rate decreases which is supported by previous finding that compliance is 
better with once daily preparation [36]. 

Only 77.5% patients have shown good compliance (≥80% intake of recommended dosage regimen) with the 
prescribed therapy. Patients have shown maximum compliance with biguanides (metformin, 80%), followed by 
sulphonylureas (79.7%), thiazolidinediones (77.6%) and least with alpha-glucosidase inhibitors (70.4%). Don- 
nan et al., reported greater than 90% compliance in case of sulphonylureas [37]. They reported 39% compliance 
in case of metformin which is just half than the present study [37]. Boccuzzi et al., reported 60% for metformin 
[30]. Decreased compliance was observed in case of longer duration of diabetes patients. Good compliance to 
the therapy was found, which can be further improve by patient education, health professional education, use of 
daily dose regimen, or monitored dosage system, and greater care involvement in medication management [38]. 

Furthermore, the diabetic patients should be counseled about the chronic nature of the disease, dietary advice 
and importance of pharmacological as well as non-pharmacological intervention and consequences of non-com- 
pliance with the therapy. 

Inclination to brand name prescribing (99.3%) was extremely significant, p < 0.0001 than prescribing by ge- 
neric names (0.7%). In a recent Indian study from Allahabad, it was reported that only 2% of the medicines were 
prescribed by generic names [39]. Upadhyay et al., reported 47.5% medicines prescribed by generic name in 
Nepal [40]. This might be due to the absence of hospital formulary system and biased promotion of selected 
brands by the medical representatives of pharmaceutical manufacturers, which is a common practice in Indian 
hospitals. Prescribing by generic names should be promoted, as it could help in cheaper treatment to the patients, 
reduce chance of drug duplication, drug interactions and adverse drug reactions. 

Secondary failure was observed in 7.5% of the patients in the present study, which is lesser than the findings 
of Boccuzzi et al. [30]. Compared with sulfonylurea therapy, metformin therapy appears to be associated with a 
delay in the onset of secondary failure which is corroborated by previous report [41]. The reason of the second- 
ary failure may be non-compliance with the therapy, inappropriate drug selection and lack of timely drug thera- 
py review. As type 2 diabetes mellitus advances, secondary failure of OHAs develops as a consequence of pro- 
gressive loss of beta-cell function and worsening of insulin resistance caused by persistent hyperglycemia and 
possible development of drug resistance [42]. Periodic intravenous infusions of insulin are proposed for the 
treatment of type 2 diabetes mellitus patients that have become resistant to oral therapy [43]. 

More than half of the study population was found to be co-morbid with various conditions. Hypertension was 
found to be most commonly associated disease (31%) with diabetes, which is well corroborated with the find- 
ings of Bener et al., who reported 29% hypertension as co-morbid in case of diabetics [44]. These findings are 
significantly alarming, as hypertension is a predictor of cardiovascular disease. It is observed that among the 
study population more than half, 55% patients had a BMI ≥ 25 kg/m2. Since, obesity is considered to be a major 
risk factor for hypertension; it means that patients with diabetes and hypertension are at greater risk of having 
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metabolic, cancer and cardiovascular morbidity [45]. Patients having BMI, in between 25 - 30 kg/m2 are also at 
greater risk of having glucose intolerance [25]. Obesity is considered to be the link between insulin resistance 
and metabolic abnormalities inclusive of diabetes, hypertension and dyslipidemia, all of which are risk factors 
for coronary artery disease. Limitations of the study included small sample size and short duration of the study. 

5. Conclusion 
Biguanides was the most frequently prescribed OHAs. The result of the present study highlights the need for 
comprehensive management of diabetic patients, including life-style changes, dietary control, hypoglycemic 
agents, cardiovascular prevention, treatment of complications and co-morbidity. Most often, clinical effective- 
ness is influenced by prescribers’ agent selection and therapy changes as well as patient adherence with pre- 
scribed drug regimens. Clinical monitoring of patient’s adherence to the prescribed treatment to achieve good 
glycemic control is also recommended. Measures should be taken to improve patient adherence to the prescribed 
treatment for better management of type 2 diabetes mellitus. 
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