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ABSTRACT 
 

Background: Diabetes is a chronic disease requiring continuous medical care and patient self-

management education to achieve good glycemic control and prevent long term complication Type II 

diabetes is approaching epidemic levels in India. More than 60% population suffering from diabetes comes 

from Asia of which china and India are the largest contributors. Though the benefit of good glycemic 

control is well established in prevention of diabetes related micro vascular complication however it has 

been reported that more than 60% of the patients still do not achieve the recommended glycemic target. As 

glycemic control is affected by many social, demographic, economic, disease and treatment related factors, 

it is tough to achieve glycemic control in routine clinical practice.  

Materials and Methods: The present study is a cross-sectional study of retrospective data collected from 

the diabetic patients who attended the medical outdoor of Nayati Medicity, Mathura, Uttar Pradesh. Data 

was collected from January 2018 to June 2018. Data from 206 diabetic patients was collected 

retrospectively. 

Results: 206 patients were included in this study, out of which (63%) were in the age group between 41 – 

60 years. Among Drug utilization pattern 15.5% were as monotherapy, 47.1% were on combination 

therapy while 23.8% were receiving Insulin + OAD therapy. Patients with BMI more than 30 had 4 times 

risk of having poor glycemic control as compared to those with BMI <25 (OR = 3.9, C.I. = 1.2-3.9, P = 

0.02). 

Conclusion: In this study glycemic control was affected by age, duration of diabetes, drug utilization 

patterns and BMI and a statistically significant association was found with these factors.  

Keywords: Type 2 Diabetes, HbA1C, glycemic control, Drug utilization pattern, BMI, U.P 

 

INTRODUCTION 

Type II diabetes is approaching 

epidemic levels in India. More than 60% 

population suffering from diabetes comes 

from Asia of which china and India are the 

largest contributors and it is predicted that 

current prevalence of diabetes is expected to 

rise by 65% with more than 100 million 

people will be suffering from diabetes by 

2030 and it is predicted that 1 out of every 5 

person shall be diabetic in India. 
[1]

 The 

level of morbidity and mortality due to 

diabetes and its possible complication are 

enormous and cause significant health care 

problems for both the family and society.  

Type 2 diabetes is a metabolic 

disorder characterizes by hyperglycemia due 

to defect in insulin secretion, insulin action 
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or both. The main therapeutic goal of 

treating diabetic patients is to achieve and 

maintain good glycemic control. UKPDS 

study has clearly shown the benefit of 

adequate glycemic control in prevention of 

diabetes related micro vascular 

complication. 
[2]

 Though the benefit of good 

glycemic control is proven in many studies 

but it has been reported that more than 60% 

of the patients still do not achieve the 

recommended glycemic target. 
[3]

 American 

diabetes association has provided a 

comprehensive approach for management of 

Type 2 Diabetes. Glycemic control is 

assessed with help of fasting blood glucose 

and HbA1c levels. Though the target 

glycemic control needs to be individualized 

considering the age, co-morbidity, duration 

and complication of diabetes but good 

control is considered when fasting sugar 

levels are less than 110mg/dl and HbA1c is 

less than 7%. 
[4]

 

Diabetes is a chronic disease 

requiring continuous medical care and 

patient self-management education to 

achieve good glycemic control and prevent 

long term complication. Comprehensive 

management of diabetes put ample 

emphasis on life style modification therapy. 

Apart from pharmacotherapy it is equally 

important to impart the knowledge about 

this disease to patients. In clinical practice 

the recommended glycemic control targets 

are difficult to achieve and is impacted by 

many factors. Socio-demographic factors 

like age, sex, body mass index (BMI), level 

of education, marital status, income and 

occupation, ethnicity and religion, history of 

smoking, history of alcohol intake, family 

history of DM, medication adherence, 

duration of therapy, and drug utilization 

pattern (monotherapy, combined oral 

therapy or oral therapy along with insulin), 

complexity of therapeutic regimen, 

association with comorbidities, fear of side 

effects, job related factors, psychological 

issues, maintaining regular follow up with 

doctors are among the many variables which 

affect the level of glycemic control. 
[5]

 

Data on glycemic control is sparse 

from our country and will be noteworthy in 

deciding and making policy for health care 

delivery services so as to prevent acute and 

chronic complications related to poor 

glycemic control. There are some studies 

from India reflecting poor glycemic control 

in various urban as well as rural India, 

necessitating the need of increased 

awareness and better treatment strategies to 

achieve good glycemic control. 
[6-8]

 

Unfortunately, UP being the largest state of 

India with maximum population, there has 

not been any study conducted on glycemic 

control and this study is a small attempt to 

know the status of glycemic control in a 

population attending tertiary care center at 

western UP region. In this study we have 

assessed the level of glycemic control and 

its contributing factors among adult patients 

with T2DM. Among all of the 

abovementioned contributory factors, we 

have studied only age, sex, duration of 

diabetes, BMI, comorbidities and drug 

utilization patterns. 

 

MATERIALS AND METHODS 

The present study is a cross-

sectional study of retrospective data 

collected from the diabetic patients who 

attended the medical outdoor of Nayati 

Medicity, Mathura, Uttar Pradesh. Data was 

collected from January 2018 to June 2018. 

Data from 206 diabetic patients was 

collected retrospectively. Data was collected 

in terms of age, sex, BMI, duration of 

Diabetes, comorbidity and drug utilization 

pattern. Level of glycemic control was 

assessed with help of HBA1C and FBS 

levels. Levels of HbA1C <7% and FBS 

<110mg/dL were taken as good glycemic 

control. The outcome of HbA1C and FBS 

levels were collected from Hospital 

Information System. HbA1C was 

determined by High Performance Liquid 

Chromatography using Bio-Rad D 10. 

Fasting Blood Sugar levels were measured 

by enzymatic reference method with 

Hexokinase. The present study was 

approved by internal committee of research 
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and thesis review of Nayati health care and 

research center. 

 

The BMI was categorized in three groups 
Category BMI (kg/m

2
) 

1. Normal 18.5-25 

2. Overweight 25-30 

3. Obese 30-35 

 

The duration of diabetes mellitus was 

categorized in three groups  

1. < 5 years 

2. 5-10 years 

3. >10 years 

 

Inclusion criteria: 

 All patients with type 2 diabetes mellitus 

attending medicine OPD and >20 years 

old, receiving antidiabetics medications 

 

Exclusion criteria: 

 Type 1 Diabetics 

 Those in whom the data mentioned 

above was not available completely. 

Statistical Analysis: Statistical analysis was 

carried out using IBM SPSS 21.0 (Armonk, 

NY, USA). Categorical data, such as 

gender, age group, BMI, Comorbidity, drug 

utilization pattern and duration of diabetes 

are presented as number and percentage 

.Also Chi- square was used to assess the 

statistical significance of difference in the 

percent of good glycemic control according 

to the categorical variable; and was accepted 

at a 95% CI. Multiple variable Binary 

Logistic regression was used to identify 

factors associated with good glycemic 

control. A P-value less than 0.05 was 

considered significant. 

 

RESULTS 

Table 1 is showing the descriptive statistics 

of the age, duration of diabetes, BMI, 

Fasting blood Sugar and HbA1C of all the 

patients. 

Table 1: Descriptive statistics of characteristics 

 

 

 

 

 

 

Table 2 represents that among 206 

patients which were included in this study, 

115(55.8%) were males and 91 (44.2%) 

were females. Majority were in the age 

group between 41-60 years (63%). 27% of 

patients were more than 60 years of age and 

only 10% were less than 40 years. Among 

BMI category 34 % had normal BMI, 

whereas 30 % were in obese category and 

35.4% were coming in over weight 

category. Comorbidity was present only in 

21% of patients. Among Drug utilization 

pattern 15.5% were treated with 

monotherapy, 47.1% were as combination 

therapy while 23.8% were receiving Insulin 

+ OAD therapy. 44% of the patients were 

having diabetes for less than 5 years, 34% 

were having duration for 6-10 years and 22 

% were having it for more than 10 years.  

 

Table 2: Background profile of study subjects for type 2 

Diabetes Mellitus  

Characteristics Number of  

patients (n) 

Percentage (%) 

Gender  

Male 115 55.8 

Female 91 44.2 

Age group  

≤40 20 9.7 

41-60 130 63.1 

>60 56 27.2 

BMI  

<25 71 34.5 

25-30 73 35.4 

>30 62 30.1 

Comorbidity  

No 163 79.1 

Yes 43 20.9 

Drug utilization pattern  

Monotherapy 32 15.5 

Combination 97 47.1 

Insulin+OAD 49 23.8 

Ayurvedic/home-based 28 13.6 

Duration of diabetes (yrs.)  

≤5 91 44.2 

6-10 70 34.0 

>10 45 21.8 

 

Characteristics Mean±SD Median Mode Range Min  Max 

Age (in years) 56.6±12.4 57.0 60 64 22 86 

Duration of diabetes (in years) 8.1±6.9 6.0 10 29 1 30 

BMI (kg/m2) 28.1±6.7 27.4 25.1 42.4 15.0 57.4 

FBS (mg/dL) 188.9±75.8 175.5 116 385.0 74.0 459.0 

HbA1C (%) 9.1±11.6 8.6 8.4 11.6 5.0 15.6 
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Table 3 represents that gender does 

not affect glycemic control. Only 5% had 

achieved good glycemic control in less than 

40 years of age whereas, 20% had good 

glycemic control in 41 to 64 years and only 

9% in more than 65 years of age. This was 

found to be statistically significant. Majority 

(60%) of diabetics who had good glycemic 

control had duration of diabetes less than 5 

years, while 28% had duration between 6 to 

10 years and only 9% had duration more 

than 10 years. Also 60% of diabetics with 

poor glycemic control had duration more 

than 5 years and this was statistically 

significant. Merely 12% of diabetics with 

BMI >30 had good glycemic control 

whereas more than 60% of diabetics who 

had BMI more than 25 had poor glycemic 

control, which was again statistically 

significant. As majority of our patients had 

no comorbidity; we found that comorbidity 

has no major effect on glycemic control. 

More than 80% of Diabetics were on 

monotherapy or combination of OADs and 

had good glycemic control. Approximately 

25% of patient despite of receiving insulin 

therapy had poor glycemic control and this 

was statistically significant. 

 
Table 3: Factors affecting Glycemic control of type 2 Diabetes patients 

Characteristic Good glycemic control n (%) Poor glycemic control n (%) P-value 

Gender  

Male 17(53.1) 98(56.3) 0.7 

Female 15(46.9) 76(43.7) 

Age group  

≤40 1(3.1) 19(10.9) 0.05* 

41-64 26(81.3) 104(59.8) 

≥65 5(15.6) 51(29.3) 

Duration of diabetes mellitus (yrs.)  

≤5 20(62.5) 71(40.8) 0.05* 

6-10 9(28.1) 61(35.1) 

≥11 3(9.4) 42(24.1) 

BMI  

≤24.9 15(46.9) 56(32.2) 0.05* 

25-29.9 13(40.6) 60(34.5) 

≥30 4(12.5) 58(33.3) 

Comorbidity    

No 26(81.3) 137(78.7) 0.7 

Yes 6(18.8) 37(21.3) 

Drug utilization pattern  

Monotherapy 7(21.9) 25(14.4) 0.04* 

Combination of OAD 20(62.5) 77(44.3) 

Insulin+ OAD 4(12.5) 45(25.9) 

Ayurvedic / home-based 1(3.1) 27(15.5) 

 
Table 4: Binary logistic regression analysis of factors affecting 

glycemic control  

Predictor variables Odds ratio 95% CI P value 

BMI  

≤24.9 ®   

25-29.9 1.2 0.5-2.8 0.61 

≥30 3.9 1.2-12.4 0.02* 

Duration of diabetes (yrs.) 1.07 1.01-2.1 0.04* 

Age Group  

<40 ®   

41-64 1.5 0.5-4.3 0.39 

>65 3.2 0.8-11.8 0.07 

® Reference, * Significant 

 

Table 4 represents that patients with 

BMI more than 30 had 4 times risk of 

having poor glycemic control as compared 

to those with BMI <25 (OR = 3.9, C.I. = 

1.2-3.9, P = 0.02).In this study it was also 

observed that with 1 year increase in 

duration of diabetes, the Odds of having 

poor glycemic control was increased by 7% 

(OR = 1.07, C.I. = 0.99-1.14, P = 0.05). 

More than 40 years of age had 1.5 times 

odds of having poor glycemic control as 

compared to <40 years, but it was not 

statistically significant.  

 

DISCUSSION 

In this study acceptable level of 

glycemic control was not achieved in most 

of the patients. HbA1c level which was used 

to assess the glycemic control was way 

above 7% in 65% of cases. These results are 

similar to the other studies conducted in 

various parts of the world especially in 

developing countries like Malaysia, Hong 
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Kong and China.
 [9-11]

 In a study population 

of the Asian patients treated at diabetes 

centers, more than 50% were not well 

controlled leading to higher microvascular 

complications in the group of patients with 

higher HbA1c. 
[12]

 National health and 

nutrition examination survey, United States 

in 2007-2010, the Healthy People 2020 

objectives include a 10% reduction in the 

proportion of the diabetes population that 

has poor glycemic control (A1c >9%).
 [13]

 

Studies on glycemic control from India are 

very few and there is only one large national 

representative population based study 

conducted by Indian council of Medical 

Research. Results of this study showed the 

evidence of poor glycemic control in a 

representative study subjects and found that 

good glycemic control (HbA1c <7%) was 

observed only in 31.1% of urban and 30.8% 

of rural subjects. This study was done in 3 

states and one union territory of India 

covering population of 213 million.
 [14]

 The 

importance of good glycemic control in 

prevention of microvascular complications 

is well established in Diabetes Control and 

Complications Trial/ Epidemiology of 

Diabetes interventions and complications 

study and United Kingdom Prospective 

Diabetes study. 
[2, 15]

 

We have found glycemic control is 

significantly associated with age, duration 

of Diabetes, drug utilization patterns and 

BMI. In our study there was no significant 

association of glycemic control was found 

with sex and comorbidities. 

The current study showed that that 

maximum good glycemic control was 

achieved in middle aged population between 

41 to 64 years of age. People younger than 

40 and more than 65 years had poor 

glycemic control. Poor glycemic control 

among young people is a matter of strong 

concern as initial diabetes control is 

extremely important in preventing long term 

complication of Diabetes being explained 

with concept of metabolic memory. 
[15, 16]

 If 

young people are not controlled adequately, 

chances of diabetes related complications 

are high, leading thereby huge economic 

burden and increased mortality and 

morbidity from the disease. High HbA1c 

level in younger individuals shown in a 

study might be due to low or inadequate 

dosing or to occasional use of combination 

drug regimens, inertia in starting insulin 

therapy or because of increased incidence of 

obesity among young population. This 

further emphasize on the need of better 

education and treatment strategies to be 

directed towards younger age group. 
[17,18]

 

Similarly, in elderly age group glycemic 

control was poor. In older age group fear of 

precipitation of hypoglycemia, lack of 

family support in current trend of nuclear 

families, inability to follow exercise 

regimens due to multiple comorbidities 

associated with this age might be 

contributing factors. This finding is contrary 

to finding in a study done in Malaysia 

showing better glycemic control in elderly. 

This was explained by better family set ups, 

increased adherence to medication because 

of family members being involved in care 

and reminding them for medication and 

taking care of their diets and regular follow-

up, development of comorbidities like renal 

failure, better access to medical care, good 

compliance and motivation for glucose 

testing, regular physical activity and healthy 

eating. 
[19-21]

 There are many studies in 

which there was no association was found 

between age group and glycemic control. 
[22] 

Eventually, in view of these variable 

findings it is important that clinicians should 

focus on understanding of pathophysiology 

and management in every diabetic young as 

well old so as to achieve desired glycemic 

control in everyone. 

Long Duration of diabetes was 

correlated with poor glycemic control and it 

was found that people having diabetes for 

less than 5 years had the best diabetic 

control and people with >10 years had the 

worst. These findings are similar to many 

studies done in various developing 

countries. In a study done in Hong Kong it 

was found that long disease duration and 

complexity of treatment regimens were 

associated with suboptimal glycemic 
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control. 
[23-25]

 Long duration of diabetes had 

a negative impact on glycemic control 

possibly because of progressive decrease in 

beta cell reserve with decrease in insulin 

secretion over time. 
[2]

 With increasing 

duration of diabetes, need of antidiabetics 

drugs increases as to maintain adequate 

glycemic control. This requires close follow 

ups and regular titration of medication 

further emphasizing the need of regular 

check-ups, self-monitoring of blood 

glucose, diabetes related education and 

regular optimization of medical 

management. Early intensification and 

optimization should be done to increase the 

effectiveness of treatment regimen. 

The drug utilization pattern also 

influences the glycemic control and in our 

study it was found that patient receiving 

combination OAD had the good glycemic 

control in comparison to patients on 

monotherapy and patient receiving insulin 

plus OAD. Metformin is the first line of 

therapy for most of the diabetics as per the 

standard guidelines. 
[26]

 In our study though 

we have not analyzed the type of therapy in 

monotherapy however we can assume that 

patient receiving monotherapy usually 

would be on metformin monotherapy. It has 

proved in many studies that monotherapy is 

usually not sufficient to achieve good 

glycemic control in most patients especially 

with increased duration of the disease. More 

than 80% of patients fail to achieve 

glycemic goals with initial monotherapy 

whether metformin or sulfonylureas are 

given over 3 years. 
[27]

 Progressive 

deterioration of diabetes control was such 

that after 3 years approximately 50% of 

patients could attain the goal with 

monotherapy, and by 9 years this declined 

to approximately 25%. 
[28]

 The majority of 

patients need multiple therapies to attain 

these glycemic target levels in the longer 

term. In our study patient’s on insulin plus 

OAD therapy were also found to have poor 

glycemic control. Usually when dual or 

triple oral antidiabetic therapy fails to 

achieve the targeted glycemic goals then 

insulin is added and by this time, many have 

lived 5 years with A1C levels greater than 

8%, and 10 years with A1C levels greater 

than 7%. 
[29]

 A therapeutic inertia in starting 

insulin might be the cause of poor glycemic 

control as delayed initiation of insulin with 

long duration of diabetes might not be able 

to control sugar levels the same way. Also is 

being explained by the poor titration of 

insulin regimen, poor self-monitoring of 

glucose, lack of training and education for 

empowering patients to optimize their sugar 

levels, poor storage and injection techniques 

of insulin and inconvenience to adhere to 

multiple therapeutic regimen. Contrary to 

this in some studies intensive insulin 

therapy and monitoring has led to excellent 

glycemic control.
 [30]

 In our study glycemic 

control was best achieved with combination 

of oral antidiabetic medication which could 

probably be related to good compliance in 

taking medications because of ease of taking 

it. Further combination is more effective 

because of different modes of action with 

greater potency and minimal side effects. 

Early introduction of combination therapy 

helps more patients to achieve glycemic 

targets and thereby reduce complications 

and delay disease progression. 
[31]

 

In our study Obese patients with 

BMI >30 had got poor glycemic control 

followed by overweight and normal weight 

subject. BMI has got significant association 

with glycemic control in our study. This is 

similar to study done by, 
[32]

 where strong 

correlation has been found between weight 

and sugar levels. On the other hand, many 

studies did not show any relationship with 

BMI and glycemic control. 
[33]

 Obesity, 

especially abdominal adiposity is not only 

an important risk factor for the development 

of type 2 diabetes but also impact glycemic 

control. Association of obesity with other 

comorbidities like dyslipidemia, 

hypertension, Insulin resistance might also 

be contributing in nonattainment of good 

glycemic control in obese subjects. 
[34]

 

Hypertension and dyslipidemia are 

associated with insulin metabolism 

disturbance, hyperinsulinemia and poor 

glycemic control. 
[35]

 Lipid abnormalities 
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are common in patients with diabetes. 

Dyslipidemia is associated with poor 

glycemic control, and it is observed that 

better glycemic control is associated with 

lower levels of total cholesterol, low-density 

lipoprotein cholesterol and triglycerides 

Adham M In our study there was no 

statistical significant association was found 

between glycemic control and comorbidities 

like hypertension and dyslipidemia. 

In our study glycemic control was 

not significantly different among males or 

females. In some studies, female sex is 

found to be a risk factor for poor glycemic 

control. It is being said that being an inferior 

sex specially in developing countries 

females are deprived for diabetes care, busy 

in providing more care to family and that is 

how neglect their own health. Hence 

females needs more attention during 

management of diabetes considering their 

nutritional, psychological and puberty issues 

also. 
[36]

 

 

CONCLUSION  

The overall glycemic control in 

patients belonging to western UP region was 

found to be poor and it was seen that > 65% 

patients were not able to achieve glycemic 

control similar to many studies done in 

various developing countries, placing them 

at increased risk of developing diabetes 

related complications. Age, duration of 

diabetes, drug utilization patterns and BMI 

were the significant factors impacting 

glycemic control. Though we have not 

analyzed many other factors impacting 

glycemic control but we speculate from this 

study that young, overweight and obese 

individuals, patients with long duration of 

diabetes and those who were on complex 

drug regimens should be given special 

attention to achieve good glycemic control. 

Health care professionals and health 

agencies should emphasize on optimum 

utilization of all available resources. All-

inclusive management of every diabetic 

with help of dieticians and counselors is 

fundamental in achieving the target 

glycemic control. 
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