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Abstract 

 

 Adherence to oral antidiabetic medications in the pediatric population 

with type 2 diabetes 

 

 

 

 

 

Ayoade Olayemi Adeyemi, M. S. Phr. 

The University of Texas at Austin, 2011 

 

Supervisor:  Karen L. Rascati 

 

The present study involved the analyses of the Texas Medicaid prescription 

claims data. The population studied was made up of subjects between 10 and 18 years 

who had at least 2 prescriptions of the same oral antidiabetic (OAD) medication from 

January 1, 2006 through December 31, 2009. Twelve months’ data for each subject were 

analyzed. The main aim of the study was to describe OAD medication use patterns in the 

study population, assess trends in Medication Possession Ratio (MPR) and persistence in 

the study population and determine the relationship between age and MPR and between 

age and persistence while controlling for covariates. Results of the descriptive statistics, 

multiple and logistic regression analyses are reported.  



 vii 

The average age (± SD) of the 3,109 eligible subjects was 14 (± 2) years; minority 

populations made up the majority (87%) of the population; 67% of the population were 

females; and 91% were on the OAD metformin. The overall mean MPR (± SD) for the 

population was 45% (± 27). A significant negative relationship between MPR and age 

was reported while controlling for covariates (p<0.0001). Among the covariates, white 

race and male were significantly associated with a higher MPR, holding other variables 

constant. When adherence was dichotomized (MPR < 80% and MPR >= 80%), logistic 

regression analysis also found that age was significantly and negatively related to MPR 

(p < 0.0001). In addition, the white race and male were again significantly related to a 

higher level of adherence, holding other variables constant.  

The overall mean days to non-persistence (± SD) was 108 days (± 86). Persistence 

was significantly and negatively associated with age, holding other variables constant (p 

< 0.0001). Among the covariates, white race was significantly related to longer 

persistence.  

In conclusion, adherence and persistence are generally low in the study 

population. Age, gender and race were significantly associated with adherence.  Being 

younger, male, and white were significantly associated with a higher level of adherence, 

while being younger and white were significantly associated with longer persistence. 

Healthcare providers therefore need to intensify efforts to improve adherence in pediatric 

patients especially those at the brink of adulthood.
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CHAPTER 1 

 OVERVIEW OF LITERATURE REVIEW 

This section provides an overview of diabetes in terms of statistics and economic 

burden. Types of diabetes, risk factors, type 2 diabetes in children, how obesity plays 

a role in type 2 diabetes in the pediatric population, the challenges with diagnosis of 

type 2 diabetes in children and goals of treatment are discussed in this chapter. 

Treatment guidelines as they pertain to adults and children, the types of diabetes 

management strategies commonly used and complications of diabetes are also 

explained in this chapter. Finally, medication adherence and factors that affect it, the 

effects of the transitional phase from childhood to adolescence on medication 

adherence are discussed as well as the measures used in assessing adherence as they 

relate to retrospective database analyses. 

1.1 INTRODUCTION  

Diabetes is the 7
th

 leading cause of death in the US as of 2007, and over 23 

million people (inclusive of the 6.3 million people with undiagnosed diabetes) are 

currently living with the disease.
1-2

 Diabetes accounted for about five to ten percent of 

total healthcare costs and approximately $174 billion was spent on the management of 

diabetes and its complications in 2007. 
3
 Diabetes can be broadly classified into insulin 

dependent diabetes mellitus (IDDM) and non-insulin dependent diabetes mellitus 

(NIDDM). 
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Insulin dependent diabetes mellitus (IDDM), commonly known as type 1 diabetes 

is regarded as a disease of childhood. It affects mostly children and young adults and as 

of 2007, approximately 1 million people (5.7 percent of persons with diagnosed diabetes) 

were reported to be living with the disease. Non-insulin dependent diabetes mellitus 

(NIDDM), also known as type 2 diabetes, accounted for over 90 percent of resources 

spent on diabetes in 2007. 

Type 2 diabetes is generally considered an adult-onset disease; however, in the 

last three decades,  reports of pediatric patients suffering from type 2 diabetes have 

become more frequent.
4
 Presently, type 2 diabetes in the pediatric population is regarded 

as an emerging public health issue, and depending on the geographic location, 8 to 45 

percent of pediatric patients with diabetes were reported to present with type 2 diabetes
5-6

 

The increasing incidence of type 2 diabetes in the pediatric population has been reported 

in the US and many other countries.
5, 7-9

 This rising incidence of type 2 diabetes in 

children and adolescents has been found to be associated with the increase in the 

incidence of obesity in this young population. 
9-10

 In addition, studies have shown that 

obese children are at higher risks of developing diseases previously considered as 

diseases of adulthood such as cardiovascular diseases and type 2 diabetes compared to 

their non-obese counterparts.
10

 Type 2 diabetes in the pediatric population was first 

reported among Pima Indian youths in the late 1970s and has been observed to cut across 

a variety of ethnic groups particularly affecting Mexican-Americans, African-Americans 

and American-Indians (Native Americans). The „SEARCH for diabetes in youth study‟ in 

2001 reported a prevalence of 0.19, 1.05 and 1.74 cases per 1,000 youths between the 
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ages of 10 and 19 years in the non-Hispanic white, African-American and American-

Indian groups respectively. 
4, 11

  

The ability to adequately manage diabetes in order to avoid diabetic 

complications such as retinopathy, blindness, nephropathy and neuropathy lies in 

achieving and maintaining adequate glycemic control in patients.
12

 Adherence to 

antidiabetic medications has been directly linked to optimal control of hyperglycemia in 

the diabetic patient. However, certain factors have generally been associated with poor 

adherence at all ages. These include the patient‟s knowledge about the disease, 

socioeconomic factors and treatment/medication complications. In addition to these 

general factors, the challenges encountered during the transitions that the pediatric 

population faces (as a result of the phase of their lives where physical, mental and 

emotional developments coincide with their battle against type 2 diabetes) have been 

linked to reasons for poor adherence in this young population. 
13 

Therefore, it is necessary that special attention be given to medication adherence 

in the pediatric population who develop this chronic disease early in life. The early onset 

of this chronic disease implies that young patients will suffer from this condition for 

longer durations compared to the older generations and are at greater risks of developing 

complications.
14

 Adherence to oral antidiabetic medications (OADs) in the adult 

population has been reported to vary from 36 to 93 percent. 
15

 Studies conducted in 

pediatric populations have found low adherence rates, especially as they transition from 

pediatric medical care to adult care. 
16-17

 However, type 2 diabetes in the young 

population is still undergoing research and currently no standard treatment regimens 
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exist. Medications commonly used for the management of type 2 diabetes are metformin, 

sulfonylureas, thiazolidinediones, and meglitinide analogs. Pediatric treatment options 

are, however, extrapolated from those of the adult population and metformin remains the 

only OAD medication approved by the FDA for use in pediatrics. 
18-19

 Although the 

safety and efficacy of sulfonylureas in pediatrics with type 2 diabetes have been studied 

in clinical trials, currently, research seeks to compare the efficacy of metformin alone or 

combined with either rosiglitazone or with lifestyle interventions in this young 

population. 
19-21

 Several studies have reported adherence rates to oral antidiabetic 

medications in adults. Donnan et al. reported an adherence rate of about 30 percent in 

adults on monotherapy, with no statistically significant difference in adherence between 

patients on metformin and sulfonylureas. 
22

 However, Shenolikar et al. reported that 

adherence was significantly lower for metformin compared to sulfonylureas while 

adherence was highest for thiazolidinediones.
23

 Poorer adherence rates have been 

observed in African-Americans and Hispanics compared to whites and other racial/ethnic 

groups. 
23-24 

   OAD medications commonly used in the adult and young population include 

metformin, sulfonylureas, thiazolidinediones and meglitinide analogs; however, little is 

known about adherence rates to the medication types used in the pediatric 

population.
19

Several studies have observed adherence rates in pediatric patients with 

asthma. 
25-27

 Bender et al. observed that adherence to asthma medications in pediatric 

patients varied widely from 50 to about 90 percent depending on the method of 

assessment, with poorer adherence rates associated with older age.
25, 27

 But little is known 
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about adherence rates in the pediatric population with type 2 diabetes. In addition, studies 

on the trend in adherence rates to OADs in pediatrics as they transition from childhood to 

adolescence using retrospective databases are rare.
28

 More information about this trend 

will help to address the particular years in which the adherence rate may be low. In turn, 

appropriate measures can be recommended to improve adherence during those periods.  

1.2 LITERATURE REVIEW 

Search terms used in the search of the literature include: type 2 diabetes, pediatric 

population, adolescents, transition, oral antidiabetic medications and adherence. 

Diabetes: Statistics and economic implications in the United States 

Diabetes is the 7
th

 leading cause of death in the US and in 2007; approximately 18 

million people were diagnosed with diabetes and currently, about 6.3 million people with 

type 2 diabetes live with the disease undiagnosed.
3
 The management of diagnosed 

diabetes and its complications in 2007 was responsible for consuming about $174 billion 

which accounted for between 5-10 percent of all healthcare expenditures.
29

 Generally, 

reports have shown that patients with diabetes spend over twice as much on healthcare 

compared to their non-diabetic peers.  Overall, pre-diabetes and diabetes (both diagnosed 

and undiagnosed) accounted for $218 billion in 2007.
3
 

The incidence of diabetes continues to rise significantly every year and reports 

show that the number of patients newly diagnosed with diabetes increases by 

approximately 1 million each year, with the year 2007 recording 1.6 million new cases of 

diabetes. This increase has mainly been associated with the rising average age of the 
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population and the rising prevalence of obesity in the population. The prevalence of 

diabetes has been found to increase with older age and low socioeconomic status (SES).  

In addition diabetes prevalence has been observed to cut across racial groups. In 2007, 

the American Diabetes Association (ADA) reported diabetes prevalence rates of 9.4 

percent, 8.0 percent, 7.3 percent and 6.9 percent in the non- Hispanic black, non-Hispanic 

white, Hispanic and the other non-Hispanic minority populations respectively. 
29

 

1.2.1 Definition of diabetes  

Diabetes is a metabolic disorder that occurs as a result of a partial or complete 

destruction of the pancreatic beta cells in the body, the cells that are responsible for the 

production of insulin. Insulin is a hormone that ensures the conversion of glucose to 

energy which is used by the body. This hormone is therefore responsible for controlling 

the amount of glucose and fat in the bloodstream and its deficiency results in 

hyperglycemia. High blood glucose levels may also arise as a result of reduced sensitivity 

of the body to the insulin produced; this condition coupled with impaired insulin 

production eventually results in diabetes.
2
  

1.2.2 Types of diabetes 

Based on the severity of the destruction of the beta cells of the pancreas, diabetes may be 

broadly classified into two categories: type 1 and type 2 diabetes. However, other types 

of diabetes exist; such as those caused by genetic anomalies (e.g., maturity onset diabetes 

mellitus of the young [MODY]), surgeries, infections, use of medications as well as 

diabetes during pregnancy- known as gestational diabetes. 
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1.2.2.1 Type 1 diabetes  

Commonly referred to as juvenile-onset diabetes, type 1 diabetes is an auto-

immune disease whereby the body self-destroys the insulin-producing beta cells, this 

destruction may also be idiopathic in nature.
30

  This results in a situation where most or 

all of the insulin-producing cells in the body are destroyed and an external source of 

insulin is required for survival. In order to prevent morbidity and mortality which may 

occur over time as a result of the destruction of vital organs in the body due to chronic 

hyperglycemia, insulin is required. Hence, type 1 diabetes is termed Insulin Dependent 

Diabetes Mellitus (IDDM) and accounts for 5.7 percent of people with diabetes.
2
 

31
 In 

2007, about $14.9 billion was spent on healthcare costs for the 1 million people 

diagnosed with type 1 diabetes, mostly children and adolescents below the age of 20 

years. Type 1 diabetes prevalence has been found to be higher in the non-Hispanic whites 

compared to other racial groups in the same age group.
3
 Genetics has been linked to this 

disease and presently there is no known intervention to prevent the disease; however, 

studies are ongoing regarding interventions that can prevent the disease. 
32

 

1.2.2.2 Type 2 diabetes 

Type 2 diabetes is the most common form of diabetes and in 2007, almost 17 

million people were diagnosed with the disease in the US. Approximately $160 billion 

(out of the $174 billion spent on diabetes) was spent on the management and 

complications of type 2 diabetes.
3
 Commonly referred to as adult-onset diabetes, the 
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prevalence of type 2 diabetes has been associated with older age and its development 

results from impaired production of insulin and/ or reduced sensitivity of the cells to 

insulin. Patients with type 2 diabetes, unlike those with type 1 diabetes, usually have 

some functioning insulin-producing beta cells, and although some patients may be placed 

on insulin,  most type 2 diabetic patients do not depend on insulin for survival. Patients 

with type 2 diabetes commonly receive oral antidiabetic (OAD) medications in 

conjunction with lifestyle modification to keep their glucose levels under control.
33

  

Type 2 diabetes is an asymptomatic disease with a progression that is usually 

slow and long; thus, a patient with type 2 diabetes may go undiagnosed for a long period 

of time (ranging from months to years) before the disease symptoms manifest physically. 

As a result, it is common that at the time of diagnosis complications may have set in.
33

 

The rising incidence of type 2 diabetes has been mainly linked to improvements in health 

technology to diagnose the disease, the aging population, the increased prevalence of 

obesity, sedentary lifestyles as well as an increase in the minority population who are 

more predisposed to having type 2 diabetes. 
31, 34

 

1.2.2.3 Gestational diabetes 

This is known as diabetes during pregnancy, and it is presented more frequently in 

African-American, Hispanic and American–Indian women in the form of glucose 

intolerance. During pregnancy, there is an urgent need to stabilize rising glucose levels in 

such women to prevent complications during and after delivery to the mother and the 

child.
14, 33

 Reports show that the likelihood of a woman with gestational diabetes 
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developing type 2 diabetes after childbirth  is between five and ten percent higher 

compared to their peers without the disease. In addition, there is about a 40 – 60 percent 

chance of such women developing type 2 diabetes five to ten years after childbirth. 

Furthermore, children exposed to gestational diabetes in-utero are  more predisposed to 

being diabetic later on in life compared to children born of non-diabetic mothers.
35

 Also, 

about 40 percent of children between 5 and 19 years who develop type 2 diabetes were 

reportedly exposed to gestational diabetes.
14

 Obesity and a family history of diabetes are 

predisposing factors to gestational diabetes in women. Gestational diabetes is responsible 

for about 90 percent of complications caused by diabetes during pregnancy and 

accounted for $636 million in healthcare costs in 2007.
2-3, 34

  

1.2.2.4 Other forms of diabetes 

Maturity onset diabetes of the young (MODY) may occur as a result of genetic 

defects of the beta cells. It is more commonly reported among non-Hispanic white youths 

who are usually below the age of 25; this disease arises as a result of a defective gene 

with a high tendency to mutate. This ultimately leads to a decrease in the amount of 

insulin produced, resulting in hyperglycemia.
34, 36

 Medication-mediated forms of diabetes 

arise as a result of insulin resistance caused by exposure to drugs such as glucocorticoids 

used by asthmatic patients. Infections such as congenital rubella may also lead to the 

development of diabetes.
30

 

Prediabetes, which is also known as glucose intolerance, occurs in over 57 million 

people who present with high blood glucose levels. Patients with prediabetes are highly 
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predisposed to type 2 diabetes; prediabetes healthcare costs accounted for $25 billion in 

2007.
3, 34

  

1.2.3 Risk factors for type 2 diabetes 

Various factors may predispose people to type 2 diabetes, including a family 

history of diabetes, sedentary lifestyles, poor dietary habits, obesity, being of African-

American, Hispanic, or American-Indian racial groups, gestational diabetes and in-utero 

exposure to gestational diabetes.
37

 In addition, having a diagnosis of the symptoms of 

metabolic syndrome predisposes one to type 2 diabetes.
38

 

1.2.4 Type 2 diabetes in children 

Although Type 2 diabetes is typically regarded as a disease with an onset in 

adulthood, reports of its rising incidence among the pediatric population over the last 

thirty years have appeared more frequently. Compared to the adult population, the 

prevalence of type 2 diabetes in the pediatric population is relatively low; however, the 

prevalence of type 2 diabetes has been observed to be particularly high in minority ethnic 

groups and this has been associated with high prevalence rates of type 2 diabetes in their 

adult population. 
39

   Although the prevalence of type 2 diabetes in the youth over the last 

three decades has been reported to be more common in the African-American, Hispanic, 

Pacific-Islander and the American-Indian youths, type 2 diabetes prevalence has also 

been observed to affect non-Hispanic whites and has become a cause for concern because 

of its ability to reduce life expectancy by 10 to 15 years and the accompanied risks of 

productivity loss, disability, and morbidity.
4, 40

 A 0.2 percent prevalence rate of type 2 
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diabetes in people below the age of 20 years was reported in 2007; however, a case-series 

study reported that, depending on geographic location and sampling methods, 8 to 45 

percent of newly diagnosed diabetic North-American youths present with type 2 

diabetes.
5
 More recently, the „SEARCH  for diabetes in the youth‟ population-based 

study in 2001 reported type 2 diabetes prevalence rates ranging between 6 and 76 percent 

in youths sampled between 10 and 19 years with diabetes in the US.
11

 In addition, a six-

fold increase in incidence rate was reported by Zdravkovic et al. in a group of Canadian 

youths newly presenting with type 2 diabetes between 1994 and 2002. 
41

 These reports of 

rising incidence of type 2 diabetes in the pediatric population contribute to the viewpoint 

that type 2 diabetes in children is gradually becoming a bigger public health concern. 
4-5, 

11, 42
 Although overall prevalence rates of type 2 diabetes in the youths in the US are 

difficult to obtain due to the ambiguity of diagnosis and presentation of type 2 diabetes in 

the pediatric population, a few population-based studies involving North-American 

children and adolescents reported prevalence rates ranging from 0.2 to 5.1 percent 

depending on the population sampled.
5-6, 11, 43

 
44

 However, studies show that populations 

that are more at risk of developing type 2 diabetes are the ethnic minorities which include 

the African-American, Hispanic, Pacific-Islander and the American-Indian youths. 
45

  

Reports from other populations show that the rising incidence and prevalence 

rates of type 2 diabetes in the youth is not restricted to the US and that other countries 

have been reported to encounter this challenge even to an extent that exceeds type 1 

diabetes. Hotu et al. reported an increase in prevalence rate from 1.8 percent to 11 percent 

in New Zealand adolescents between 1996 and 2002, while incidence rates were found to 
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triple between 1997 and 2001 in the same population.
7, 46-48

  Similarly, incidence rates 

were reported to increase by tenfold in Japanese children and adolescents from 1976 to 

1995, whereas type 1 diabetes incidence rates were relatively constant during these 

periods in the same population.
48

 In addition, population studies involving Taiwanese 

patients between 6 and 18 years reported that patients newly diagnosed with type 2 

diabetes were four times the number of their peers presenting with type 1 diabetes.
48

 

1.2.5 Predisposing factors to type 2 diabetes in the pediatric population 

Several factors have been linked to the rising prevalence of type 2 diabetes in the 

pediatric population and although type 2 diabetes in youth is currently undergoing 

research, it is believed that the pathophysiology of this disease is similar to that in adults. 

30, 42
 Predisposing factors such as a family history of diabetes, obesity (which is caused by 

increased sedentary lifestyle and poor diet), fetal exposure to gestational diabetes, the 

female gender, polycystic ovary syndrome (PCOS) and pubertal maturity are contributory 

factors that come into play in a youth who presents with type 2 diabetes. 
43

  The 

„SEARCH for diabetes in youth‟ studies reported that youths diagnosed with type 2 

diabetes are more likely to have at least one parent with type 1 or type 2 diabetes 

compared to their peers with type 1 diabetes. 
49

 Similarly, a study linked about 40 percent 

of children with type 2 diabetes (between 5 and 19 years) to exposure to gestational 

diabetes in-utero.
14

 In the same way, a SEARCH study reported that adolescents with 

type 2 diabetes are more likely to have been exposed to gestational diabetes than their 

unexposed peers. 
50-51
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The unique stage of puberty is also a factor that predisposes youths to type 2 

diabetes. This is because during puberty, the presence of growth hormones that are 

responsible for  physical development in the adolescent has been associated with 

decreased insulin sensitivity.
30

 Moreover, the increase in fat mass, especially in girls 

during their pubertal period, predisposes them to insulin resistance and ultimately type 2 

diabetes. Also, studies have reported that girls are almost two times more at risk of 

developing type 2 diabetes than their male peers.
52-53

 Other risk factors that have been 

associated with type 2 diabetes in the youth, especially girls, include PCOS. This is an 

anovulatory disease condition associated with poor insulin sensitivity and obesity.
30

  Of 

all the factors mentioned, obesity is considered a major preventable risk factor to type 2 

diabetes. 

1.2.6 The role of obesity in type 2 diabetes in the pediatric population 

Currently, obesity is the second leading cause of preventable deaths in the US, 

and 2007/2008 estimates from the Centers for Disease Control (CDC) indicated that one 

in three adults in the US are obese, with blacks and Hispanics having about 51 and 21 

percent higher prevalence of obesity compared to whites respectively. An 18 percent 

obesity prevalence rate was estimated in adolescents and 10 percent for infants and 

toddlers. It is estimated that by 2015 more than four in ten persons will be obese.
54

 In 

2002, medical expenses for the problems of being overweight or obese in the US 

accounted for almost $93 billion. 
55
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The World Health Organization (WHO) defines obesity as having a body mass 

index (BMI) above 30kg/m
2 

and overweight as having a BMI greater than 25 kg/m
2
. 

Though the problem of being overweight or obese has been observed to cut across 

different age groups and populations, the rising incidence and prevalence rates of type 2 

diabetes and other diseases of adulthood in the pediatric population -which has been 

associated with the corresponding rise in obesity- has drawn more attention to obesity 

and its causes in the young population.
30, 56

 Obesity in the pediatric population can be 

defined as a child having a BMI that falls above the 95
th

 percentile for children of the 

same sex and age, while an overweight child has a BMI between the 85
th

 and 95
th

 

percentile of the same sex and age. Study reports show that globally, 22 million children 

below the age of 5 years are overweight, and that the prevalence of obesity among 

children between 6 and 11 years more than doubled between 1960 and 1980. Likewise, 

the prevalence of obesity among adolescents between 12 and 17 years increased from 5 to 

13 percent in boys and from 5 to 9 percent among girls. 
57

 More recently, the CDC 

reported that between 1978 and 2008, obesity prevalence rates increased by almost four-

fold in children between 12 and 19 years.
55

 Generally, the rising prevalence of obesity in 

the general population has been attributed to environmental factors and genetics. 
58

 The 

problem of obesity in the pediatric population is of particular interest due to studies that 

have reported that obesity increases the risk of developing several comorbid conditions 

such as hypertension, cardiovascular diseases, type 2 diabetes, sleep apnea and even 

some cancers during adolescence and much later on in life.
55, 59

It is estimated that about 

85 percent of the pediatric population that present with type 2 diabetes are overweight or 
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obese.
30

 These disease conditions will eventually lead to increased healthcare 

consumption, loss of productivity, disability, premature morbidity and mortality. 
14, 60

  

Generally, obesity (particularly abdominal obesity) is caused by poor, unhealthy dietary 

choices and increased sedentary lifestyles and obesity itself has been linked to a set of 

key risk factors known as the metabolic syndrome.
59, 61

 Kissebah and Krakower reported 

an association between abdominal obesity and the metabolic syndrome which highly 

predisposes one to type 2 diabetes. 
62

 

The metabolic syndrome encompasses certain factors that highly predispose a 

person to diabetes and cardiovascular diseases. 
56

 The metabolic syndrome in children 

between 10 and 16 years is defined by the International Diabetes Federation (IDF) as 

“ the  presence of abdominal obesity (abdominal circumference that is greater than the 

90th percentile by gender) combined with the presence of any two of the following 

factors:  triglyceride levels above 150mg/dl, high density lipids below 40 mg/dl, blood 

pressure levels above 130/85 mmHg and fasting plasma glucose levels above 100mg/dl 

or the presence of type 2 diabetes that was previously diagnosed.” 
56, 63

  Sanders et al. 

reported that 76.9 percent of adolescents with type 2 diabetes in their study met more 

than two of the five criteria for the metabolic syndrome.
64

 

1.2.7 Diagnosis of type 2 diabetes in the pediatric population 

Typically, diabetes is diagnosed when a patient either presents with a fasting 

plasma glucose (FPG) that is greater than 7.0 percent (greater than 126 mg/dL), has a 

plasma glucose level that is greater than 11.1 mmol/L (greater than 200 mg/dL) when 
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subjected to a glucose test or presents with symptoms of hyperglycemia coupled with a 

plasma glucose level equal to or greater than 200mg/dL on at least two different time 

periods (irrespective of the time of last glucose test).
32

 In the past, the majority of 

diabetes diagnoses in children and adolescents were presumed to be type 1 diabetes. This 

is because more than 80 percent of children with diabetes usually present with type 1 

diabetes and reports of children and youths suffering from type 2 diabetes were 

uncommon until the late 1970s.
3-4

 However, due to the more frequent occurrence of type 

2 diabetes in the young population (between 8 and 45 percent of new cases of diabetes in 

this population present with type 2 diabetes),  more attention is being given to making the 

correct diagnosis to ensure adequate disease management which differs depending on the 

type of diabetes being managed.
5, 30

 It is therefore imperative that the types of diabetes 

are clearly distinguished from each other to ensure accurate diagnosis and treatment.  

1.2.7.1 Clinical features of type 1 and type 2 diabetes 

Clinical features of type 1 diabetes include the presentation of recurrent diabetic 

ketosis symptoms lasting from days to weeks in younger children (below 10 years) who 

are usually of normal weight and are non-Hispanic whites. Less than five percent of these 

children have a family history of diabetes.
30, 65

  

In contrast, clinical features that typify type 2 diabetes include insulin resistance 

in obese or overweight adolescents (about 85 percent of these patients are usually 

overweight or obese) who present with glycosuria (usually ketonuria is absent), and 

irregular acidosis for months.
30

 These patients are usually adolescents of Asian, Hispanic 
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and African-American racial groups with a family history of type 2 diabetes (usually in 

45–85 percent of patients).
5, 48

 Despite these distinguishing features, the tendency for 

misdiagnosis is still present due to similar symptoms shared by the two diseases such as 

polyuria, polydipsia, nocturia and acute unexplained weight loss.
66

 The tendency for 

misdiagnosis may also indicate that incidence rates of type 2 diabetes in children and 

adolescents are presently underestimated.
5
  It has been reported that between 5 and 25 

percent of children diagnosed with type 2 diabetes present with ketoacidosis and close to 

33 percent have ketonuria.
30

 In addition, about 25 percent of patients with type 1 diabetes 

may be obese while some of these patients may present with diabetic symptoms that have 

late onset which progresses slowly, a progression rate that is typical of type 2 diabetes. 
32-

33, 66-67
.
32-33, 66-67

 

 Hence, guidelines have been provided to assist with accurate diagnosis in this 

population. These guidelines include the use of laboratory tests that help to identify the 

presence of immune markers which confirm type 1 diabetes. In addition, the presence of 

c-peptide levels within a low to normal range confirms type 1 diabetes.
65, 67

  Features that 

are unique to adolescents with type 2 diabetes include the presence of acanthosis 

nigricans (which occurs in 90 percent of the patients), hypertension, dyslipidemia, sleep 

apnea and in some of the females, polycystic ovary syndrome (PCOS). 
30, 66

 

1.2.8 Goals of treatment 

As with type 2 diabetes in adults, the goal of treatment is to achieve and maintain 

glycemic control usually at HbA1c levels below 7 percent and ensure weight loss until  
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healthy weight  is acheived.
68

 The strong association of type 2 diabetes with an increase 

in the incidence of macrovascular complications such as hypertension, dyslipidemia and 

microalbuminuria in both adult and pediatric populations also makes it a treatment goal 

to screen for hypertension and dylipidemia at diagnosis and every two years after 

diagnosis in order to control blood pressure and lipid levels.
14

 In children, 

recommendations for blood pressure goals are based on a child‟s age, gender and height. 

The National Cholesterol Education Program Lipid guideline has explicitly 

recommended the following in children: Low density lipoprotein [LDL] levels below 110 

and high density lipoprotein levels [HDL] above 45 and triglyceride levels below 

125mg/dl. 
69-70

Similarly, the American Diabetes Association (ADA) recommended that 

LDL levels in children with diabetes be below 100 mg/dl, HDL levels above 35mg/dl and 

triglyceride levels below 150mg/dl. 
70

 

An increase in insulin sensitivity has been associated with weight loss. 

Consequently, insulin sensitivity may be improved through diet, involvement in active 

yet controlled physical exercise and a reduction in sedentary lifestyles.
56, 59

  

Implementing adequate treatment goals is necessary to slow the occurrence of, or reduce 

the progression of microvascular complications such as retinopathy, nephropathy, 

neuropathy and diabetic ulcers (and eventual limb amputations).
33

 The occurrences of 

these complications are associated with poor glycemic control and long duration of 

diabetes. 
71-72

 Ensuring adequate glycemic control through efficient disease management 

will significantly improve the patient‟s quality of life and reduce rates of morbidity and 

mortality. 
33
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 Generally, recommendations provided by the American Diabetes Association 

(ADA) for treatment goals in type 2 diabetes focus more on adults, probably due to the 

lack of evidence-based clinical trials that are focused on children and adolescents.
30

 

However, recommendations based on consensus statements, reviews and expert opinion 

on screening, diagnosis and treatment have been provided for this young population with 

type 2 diabetes.
30, 33, 68

 It is recommended that fasting plasma glucose (FPG) screening be 

carried out every two years in children presenting with certain risk factors, including 

children who are overweight or obese (with BMI scores above the 85
th

 percentile for their 

age, gender, and with weight above 120 percent ideal for their height). In addition to this 

characteristic, any child up to 10 years of age or in the pubertal phase presenting with 

insulin resistance which may be associated with PCOS, acanthosis nigricans, 

dyslipidemia or hypertension, with a family history of type 2 diabetes and/ or is of 

American-Indian, Hispanic, or African-American ethnicity is considered eligible for type 

2 diabetes screening. 
30, 33

 

1.2.9 Treatment guidelines 

As with the treatment of diabetes in adults, the management of type 2 diabetes in 

children and adolescents is individualized depending on age, presence of co-morbid 

disease conditions, clinical presentation, severity and behavioral patterns.
33

 

Since treatment of diabetes in children and adolescents is dependent on disease 

presentation, it is recommended that patients who are asymptomatic presenting with 

HbA1c levels lower than 7 percent be placed initially on lifestyle modifications which 
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include diet restrictions (medical nutrition therapy), reduction in sedentary lifestyle and 

an increase in physical exercise.
33

 
56

 However, reports show that lifestyle intervention 

alone in symptomatic patients is effective in less than 10 percent of adults; hence, there is 

a need for treatment using medications, especially in patients with poorly controlled 

hyperglycemia (having HbA1c levels above 7 percent). 
73

 

1.2.10 Diabetes management 

1.2.10.1Non-pharmacological management of diabetes 

In the management of diabetes, key non-pharmacological factors that ought to be 

put in place include regular patient counseling which ensures that patients are adequately 

informed about their disease and its management. This is relevant in achieving and 

maintaining glycemic control as well as preventing complications. Likewise, placing 

patients on individualized medical nutrition therapy (MNT) helps to ensure that weight 

loss is achieved by encouraging healthy dietary habits. A 30 to 40 percent decrease in 

morbidities related to diabetes has been associated with 10 percent weight loss.
33, 59

 

Furthermore, providing education for self-management which includes  skills required by 

patients to be able to self-monitor their blood glucose in conjunction with regular 

examinations by their physician for complications and adverse effects have also been 

recommended.
74

 Finally, emphasis on the roles of physical exercise and family support 

cannot be overemphasized due to the influence families have on patients‟ ability to 

adhere to the prescribed lifestyle and treatment interventions. 
75

 These non-

pharmacological recommendations should also be emphasized in patients presenting with 
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glucose intolerance, impaired blood glucose or asymptomatic hyperglycemia. An annual 

screening of patients is recommended to be able to detect and manage the development of 

complications associated with diabetes as soon as they occur. These include eye dilation 

and foot exams.
33

 

1.2.10.2 Pharmacological management of diabetes 

Although, evidence-based clinical trials supporting the use of oral antidiabetic 

medications in the pediatric population are rare, medication therapy is usually 

recommended when non-pharmacological forms of intervention alone have proven 

ineffective (usually after 3 to 6 months).
30

 This is because the early management of 

diabetes has been associated with better outcomes. 

Insulin is required in patients with type 2 diabetes presenting with ketoacidosis. 

These patients are thereafter gradually taken off insulin and subsequently placed on 

metformin after glycemic levels have been stabilized with insulin.
30

 Commonly used oral 

antidiabetic medications in the pediatric population include metformin, sulfonylureas, 

thiazolidinediones, alpha-glucosidase inhibitors, and meglitinide analogs.
66

 However, 

metformin is currently the only oral antidiabetic (OAD) medication that the FDA has 

approved for use in the pediatric population, and it remains the first line of therapy 

recommended by the American Diabetes Association consensus statements.
66

 Metformin 

is usually used as monotherapy in combination with lifestyle intervention in patients 

without ketoacidosis whose hyperglycemia is not controlled by lifestyle modification 

alone. 
18-19, 76

 In the event of inadequate management with metformin, other OADs used 
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in adults, such as sulfonylureas and thiazolidinediones, have been used despite the fact 

that studies supporting the safety and efficacy of these drug classes in the pediatric 

population are limited. 
19

 

1.2.11 Oral antidiabetic agents (OADs)  

The OADs that are commonly used in the adult population can be classified into 

three major groups based on their mechanisms of action: insulin sensitizers, insulin 

secretagogues and alpha-glucosidase inhibitors. However, other newer classes of OAD 

medications exist such as the glucagon-like agonists (GLP-1) and Amylin analogs. 

1.2.11.1 Insulin sensitizers 

 These OADs‟ mechanism of action lies in their ability to reduce the amount of glucose 

produced by the hepatic cells while increasing glucose utilization by muscle cells. Two 

common examples of insulin sensitizers are the biguanides and the thiazolidinediones. 

1.2.11.1.1 Biguanides 

  This class of OADs works by reducing the amount of glucose produced; it also 

improves insulin sensitivity of particular storage cells in the liver and muscle, thereby 

lowering excess blood glucose, and preventing free fatty acids from being released from 

adipose tissues.
77

 Metformin is the only biguanide approved in the US and remains the 

only OAD approved by the FDA for use in the pediatric population. 
76

 Metformin has 

been found to be beneficial in obese patients due to its tendency to induce weight loss; it 

is, however, contraindicated in patients at risk of lactic acidosis such as those with renal, 

hepatic or cardiopulmonary dysfunctions. Common side effects of metformin include 
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gastrointestinal disturbances such as diarrhea. Metformin as monotherapy is first-line 

therapy in patients whose hyperglycemia is not controlled by lifestyle modification. 

Dosing recommendations for the pediatric population are extrapolations from adult 

regimens due to the lack of evidence based dosing recommendations for children and 

adolescents.
66, 68

  Daily doses range from 500mg to 2000mg depending on the patient‟s 

response to the medication. 
66

 

1.2.11.1.2 Thiazolidinediones  

These are also insulin sensitizers that reduce insulin resistance by increasing the 

movement of glucose into storage cells such as muscles, liver and fat. Examples include 

rosiglitazone and pioglitazone. Common side effects of this class of OADs are weight 

gain; and likely risks of fractures of the wrists and hips in adults on long-term therapy. 

Although thiazolidinediones have a slow onset of action, they may be used as 

monotherapy but are more effective at achieving glycemic control when used as an 

adjunct with OADs in other classes such as metformin. When combined however, the 

risk of hypoglycemia is higher.
66, 78

 This class of OADs has been recommended to be 

used with caution due to reports of the increased risk of renal failure reported in a 

withdrawn member of the class (troglitazone), though this risk has not been found in 

pioglitazone and rosiglitazone.
79

 This class of OADs is contraindicated in patients 

presenting with elevated alanine aminotransferase levels, a condition found recurrent in 

young patients with type 2 diabetes. Presently unapproved for use in the pediatric 

population, the availability of reliable safety-efficacy profiles in the young population 
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may result in its approval for pediatric use.
66

 The TODAY study is however ongoing to 

compare the efficacy of metformin in combination with either lifestyle modification or 

rosiglitazone in this population. 
21

 Typical dosing ranges for rosiglitazone are  15 to 45 

mg, while lower doses are required when used in combination with other classes of 

OADs.
66

 

1.2.11.2 Insulin secretagogues 

Examples include sulfonylureas and meglitinides.  

1.2.11.2.1 Sulfonylureas 

  There are three generations of sulfonylureas. Common examples include 

tolbutamide (first generation), glyburide and glipizide (second generation) and 

glimepiride (third generation). The mechanism of action of sulfonylureas is dependent on 

their binding ability to adenosine triphosphate sensitive potassium channels located on 

surviving beta cell membranes; this action enhances insulin secretion. Sulfonylureas have 

a rapid onset of action and are well tolerated; however, common side effects observed in 

adults include hypoglycemia and weight gain. Though not approved for use in the 

pediatric population, sulfonylureas have been reportedly used in children with type 2 

diabetes, especially in combination with metformin in patients with poorly controlled 

hyperglycemia.
66, 80

 Gottschalk et al.  reported comparative safety and efficacy profiles 

between glimepiride and metformin in children and adolescents.
20
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1.2.11.2.2 Meglitinide analogs 

Meglitinide analogs are effective in stabilizing post-prandial glucose fluctuations. 

The OADs in this class (e.g., repaglinide) improve insulin secretion by a mechanism that 

is similar to the sulfonylureas, although they differ in binding sites. When compared to 

sulfonylureas, they act faster and have a longer duration of effects. However, common 

side effects include hypoglycemia and weight gain. Though not approved in children and 

adolescents, the adult dosing regimen (before meals) has been envisaged to be a barrier to 

adherence in children and adolescents; recommended daily doses of repaglinide range 

from 0.5 to 4mg.
66

 

1.2.11.3 Alpha-glucosidase inhibitors 

Alpha-glucosidase inhibitors act by preventing the breakdown and absorption of 

ingested carbohydrates in the gastrointestinal tract. This class of OADs has no tendency 

to induce weight gain or loss and possesses good safety profiles in adults; however, it has 

not been approved for use in children and adolescents. Common side effects include 

abdominal pain, diarrhea and flatulence. Examples include acarbose and miglitol. Similar 

to the meglitinide analogs, adherence to dosing regimens (usually taken before meals) of 

the alpha-glycosidase inhibitors in adolescents has been predicted to be poor.
66

 

Newer classes of OAD medications used in adults include glucagon-like peptide-1 

agonists (GLP-1) (e.g., exenatide), amylin analogs, and dipeptidyl peptidase-4 inhibitors 

(DPP-4). These classes of medications were recently approved for use in the adult 
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population; however, there is little information in the literature regarding their use in the 

pediatric population.
66

 

Generally, monotherapy is inadequate in controlling hyperglycemia in most 

patients with type 2 diabetes; thus, therapy involving more than one OAD medication 

class (combination therapy) is typically used in stabilizing glycemic levels in such 

patients.
81

  

1.2.12 Insulin  

Usually insulin is used in patients presenting with type 1 diabetes whose 

pancreatic beta cells have been completely destroyed. However, it is required in patients 

with type 2 diabetes whose pancreatic cells were gradually destroyed, who present with 

insulin resistance and ketoacidosis.
2
 Such patients are gradually weaned off insulin once 

glycemic control is achieved and are subsequently managed with an OAD medication, 

usually metformin.
66

 The administration of insulin is subcutaneous and it exists in several 

forms depending on its source and duration of action.
79

 Insulin may be produced from 

beef, pork or human sources; however, insulin from human sources is the most 

commonly used. Based on the duration of action, insulin forms may be regular (short and 

rapid acting), intermediate or long acting.
74

 Other types of insulin are the insulin analogs 

such as insulin aspart and insulin glargine. These are products of the chemical alterations 

of the human insulin. These alterations result in insulin forms that have faster onset of 

action and longer duration of effects.
82

 Though insulin is approved for use in the pediatric 

population, caution should be taken when prescribing insulin analogs in this population  
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due to the lack of safety information on their long-term effects.
82

 Common side-effects of 

insulin are weight gain and hypoglycemia.
66

 

1.2.13 Complications 

Type 2 diabetes is a chronic disease which can only be managed, not cured. The 

progressive nature of this disease has been linked to many complications which have 

been associated with significant loss of productivity as well as high rates of morbidity 

and mortality.
14

 The management of diabetic complications (which may be short- or 

long-term) was estimated to cost about $58 billion in 2007.
83

 Hypoglycemia, diabetic 

ketoacidosis and hyperglycemic hyperosmolar states are examples of short-term 

complications that have been associated with high morbidity and mortality rates in the 

pediatric population.
14, 30

  Long-term diabetic complications are more common and can 

be broadly classified into microvascular and macrovascular complications.
84

 Although, 

good glycemic control has been strongly associated with a low occurrence of 

microvascular complications in diabetes, a definite association between controlled blood 

glucose levels and macrovascular complications has not been established. 
72, 85

  

1.2.13.1 Microvascular complications 

Retinopathy, nephropathy and neuropathy are microvascular complications that 

arise as a result of poor glycemic control, and patients with longer disease durations 

(especially young patients) are highly predisposed to developing these complications.
14, 71

 

As of 2007, the CDC reported that between 12,000 and 24,000 new cases of blindness are 

related to diabetic neuropathy annually. Diabetes was also reported in the US as the 
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leading cause of renal failure in 44 percent of patients as of 2005. Likewise, 60 to 70 

percent of mild to severe forms of neuropathies have been related to diabetes, these 

neuropathies result in pain, foot ulcers and increased risks of amputations. 
86

 In fact, 

about 60 percent of non-traumatic lower-limb amputations have been associated with 

diabetes. 
36

 

 Although, reports on the incidence and progression of complications of diabetes 

in children and adolescents are few, studies on the risks of retinopathy in this population 

have indicated that children with type 2 diabetes are more at risk of developing 

retinopathy compared to patients with type 1 diabetes.
87

 Eventual end-stage renal failure 

has also been associated with poor glycemic control and its prevalence has been reported 

in over 25 percent of young and adult patients who have had type 2 diabetes for 10 

years.
12, 88

 End-stage renal failure and death in middle age have also been associated with 

long disease duration in patients with an early onset of type 2 diabetes in adolescents. 

Furthermore, a study involving New Zealand children reported microalbuminuria (also a 

microvascular complication and a strong predictor of nephropathy) or nephropathy 

incidence rates of 62 percent in patients newly diagnosed with type 2 diabetes compared 

to 18 percent in their type 1 diabetic peers.
89

 Scott et al. reported the presence of 

microalbuminuria in 72 percent of type 2 diabetic young patients compared to 17 percent 

of their peers with type 1 diabetes.
88

  

Pima Indians with early onset type 2 diabetes have been reported to be five times 

more at risk of developing end-stage renal failure compared to their counterparts who 

develop the disease much later in life.  Levitt-Katz et al. also reported that 19.4 percent of 
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children who were diagnosed with type 2 diabetes presented with neuropsychiatric 

disorders.
90

 

1.2.13.2 Macrovascular complications 

Macrovascular complications are the major causes of death in diabetic patients. 

Common cardiovascular disease conditions that may occur in patients that present with 

diabetes include hypertension, coronary artery disease, myocardial infarction, stroke and 

cerebrovascular diseases.
84

 Reports from the CDC in 2007 estimated that about 75 

percent of patients with blood pressure readings at and above 130/80 Hg mm have type 2 

diabetes. The major cause of death in patients with diabetes has been reported to be 

atherosclerosis (also a macrovascular complication) which occurs as a result of the 

hardening of arterial walls that have been narrowed by the gradual and ultimate 

irreversible deposition of lipids on the walls. The UK Prospective Diabetes Study 

(UKPDS) reported that macrovascular complications are seventy times more likely to 

cause deaths in diabetic patients compared to microvascular complications. 
91

 The 

pediatric population with type 2 diabetes has also been reported to be at increased risk of 

developing these complications; hypertension was reported in 10 to 32 percent of young 

patients who were newly diagnosed with type 2 diabetes, about eight times the incidence 

in patients with type 1 diabetes.
92

 These complications increase diabetes-related 

morbidities and require management. Along with lifestyle changes, management usually 

includes the chronic use of multiple medications which may include antidyslipidemic and 

antihypertensive medications in conjunction with the oral antidiabetic medications.
84
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1.2.14 Medication adherence 

In order to achieve and maintain glycemic control and minimize microvascular 

and macrovascular complications in patients, it is important that the standard of care -

which includes proper disease evaluation and diabetes management (including adherence 

to medications)- is adequately followed.
33

 Medication adherence is considered a key 

factor in the management of diabetes, as it increases the likelihood that glycemic levels 

are adequately controlled, thereby minimizing the progression of complications.
33

  

Medication adherence in chronic diseases has been defined by the WHO as “the extent to 

which a person's behavior -taking medication, following a diet, and/or executing lifestyle 

changes- corresponds with agreed recommendations from a healthcare provider.”
93

 The 

role of medication adherence especially in chronic diseases such as asthma, hypertension 

and diabetes has been observed to be vital in improving quality of life, and minimizing 

morbidity and mortality rates.
94

 However, studies have reported that adherence to 

medications is suboptimal in adults and generally, adherence in pediatric populations 

(especially in adolescents) has been reported to be lower compared to the adults.
95

  Poor 

adherence has led to increased rates of morbidity and mortality as well as increase in 

healthcare utilization and costs.
94

 And as of 2007, about $100 billion was reportedly 

spent annually on  hospitalizations that were related to problems with suboptimal 

medication adherence.
93
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1.2.15 Factors related to medication adherence 

Several factors have been considered barriers to optimal adherence rates in adults. 

These include patient-related factors (e.g., demographic factors such as age, race, gender, 

literacy levels, in addition to psychosocial factors such as depression), environmental 

factors (e.g., family support, and socioeconomic status); disease-related factors (e.g., the 

severity of symptoms, duration of disease and the presence of comorbidities); 

medication-related factors (e.g., the complexity of dosing regimen (that is, frequency and 

duration), side effects and medication cost); and health care provider-related factors (e.g., 

patient trust and provider communication skills). 
96

 

 1.2.16 Medication adherence in patients with type 2 diabetes 

Similar to other chronic disease conditions, diabetes may be properly managed 

when medications are taken promptly and appropriately in conjunction with lifestyle 

modification, thereby minimizing the risks of developing microvascular and 

macrovascular complications.
71

 Despite this knowledge, studies reveal that adherence 

rates to antidiabetic medications are suboptimal in the adult population. Cramer reported 

OAD adherence medication rates ranging from 36 to 93 percent in a systematic review 

involving the analyses of retrospective databases.
15

 Donnan et al. and Shenolikar et al. 

also reported 33 and 56 percent adherence rates respectively in studies involving patients 

newly started on OAD monotherapy. 
15, 22, 97

 Many factors which include patient, disease- 
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and medication-related factors along with the asymptomatic nature of the disease have 

been associated with poor adherence in the adult population with type 2 diabetes.  

1.2.16.1 Patient-related factors 

Patient-related factors include demographic variables such as age, race and 

gender.
24

 Adherence rates based on these three factors have been inconclusive. One study 

found younger age, the black race and being male to be associated with low adherence to 

OAD medications, while another study associated older age, the female gender, and 

being of black or Hispanic descent with poor adherence among Medicare Part D 

patients.
24, 98

 Also, the patient‟s knowledge and beliefs about the disease and its 

implications, as well as the belief in the efficacy of the treatment regimen, are associated 

with patient medication use and adherence. 
99-100

 

Other patient-related factors that may affect adherence are the patient‟s 

socioeconomic status (SES) and literacy levels; poor adherence has been associated with 

low SES and low literacy levels.
101

 Psychosocial factors such as: the lack of social 

(family) support, the presence of anxiety and depression related to the disease, and the 

presence of high environmental stress levels have also been associated with poor 

adherence. 
99-101

 

1.2.16.2 Disease-related factors 

Disease-related factors are centered on the presence of comorbidities, duration of 

disease, severity of disease and symptoms, and the development of complications. These 

factors have all been found to adversely affect adherence. 
102

 Yang et al. associated a high 
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comorbidity index (which is an indication of the presence of multiple diseases) with poor 

adherence.
24

 The progression of type 2 diabetes has also been associated with the 

development of complications and comorbidities. These disease-related factors 

eventually lead to an increase in the number of medications required by the patient and in 

turn, studies have reported poorer adherence with higher medication regimen complexity. 

102
 

1.2.16.3 Treatment-related factors 

Factors such as the medication costs, medication side-effects, and complexity of 

the dosage regimen (frequency and the number of medications used) have all been 

observed to play a vital role in determining adherence in patients. 
102

 Studies have 

however been inconclusive on the association between adherence and the number of 

medications used. While Donnan et al. associated better adherence with monotherapy, 

Grant et al. found no significant association between adherence and the number of 

medications used, but nevertheless, reported a negative association between adherence 

and unreported side-effects. 
22, 100

 The high cost of medication has also been reported to 

result to low adherence to medications.
103

 Furthermore, studies have reported an 

association between poor adherence and dosing complexity.
22, 104

 These factors led the 

WHO, in 2003, to give recommendations that capitalize on mechanisms that will reduce 

dosing frequency and medication side effects which will ultimately improve adherence.
22, 

93
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1.2.16.4 Healthcare provider-related factors 

The ability of healthcare professionals to establish a relationship with their 

patients that is based on trust is important. Likewise, the ability of providers to 

competently provide patients with clear and adequate information about the disease, its 

implications and the importance of adherence to medication regimen is associated with 

increased medication adherence.
101, 105

 Poor communication between patients and their 

healthcare provider has been reported to be one of the reasons for poor adherence to 

OAD medications in patients with type 2 diabetes.
106

 

1.2.17 Adherence to medications in the pediatric population with type 2 diabetes 

 Generally, adherence in the pediatric population (especially during the phase of 

adolescence) has been considered low (about 50%) compared to adults.
95, 107

 Adherence 

studies involving retrospective analyses are few; however, a study involving self-reported 

adherence rates by Sanders et al. reported that only 57 percent of  adolescents  who 

presented with the metabolic syndrome  were adherent to their OAD medications. 
28, 64

   

1.2.18 Factors affecting adherence to medications in the pediatric population with 

type 2 diabetes 

The increase in the prevalence and diagnosis of type 2 diabetes in the pediatric 

population is relatively recent; thus, there are few studies that report adherence and 

factors that affect adherence in this population.
108

 On the other hand, it has been 

suggested that factors affecting adherence in the adult population may also contribute to 
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poor adherence in this population. 
109

  Due to the inherent differences between children 

and adults, other factors have been suggested to affect adherence in the pediatric 

population. These factors include parental influence, peer group support, environmental 

influence, communication and the transition phase into adulthood. The period of 

transition in the life of an emerging adult can be more challenging for the young adult 

with a chronic disease due to the phase of physical, social and psychological 

developments coupled with the disease and its management, and this logically can affect 

adherence negatively.
105

  

Although these factors are believed to affect adherence in the pediatric population 

suffering from other chronic diseases such as type 1 diabetes and asthma, assuming that 

similar factors affect adherence in type 2 diabetic adolescents might not be accurate due 

to the distinctive differences of each disease state.
108, 110

  

Adherence to medications in the young adolescent with chronic medical 

conditions has been suggested to be low; however, reasons for poor adherence in this 

transitional phase may be partly due to developmental pressures which may be worsened 

by peer pressure, and the desire for peer acceptance and approval which youths may 

prioritize above their health and well being.
95

 This is also a period in which the young 

adult begins to develop independence, which results in a corresponding decrease in 

parental influence and possibly a decrease in adherence to treatment. 
111

 Although it is 

thought that making the young patient responsible for self-care fosters responsibility and 

adherence during this transitional period, there is a need to strike a balance between how 

much of the responsibility for self-care is given to the patient and the patient‟s maturity to 
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handle proper self-care. Though the demand for independence in the adolescent is to be 

anticipated, the role of family support has been reported to greatly improve adherence in 

adolescents with type 2 diabetes and should not be undermined during this period. 
112-113

 

Positive peer support was also reported to improve adherence in adolescents with 

diabetes.
114

 A study involving parents of adolescents with type 2 diabetes reported that 

family support, peer group support, environmental influence and the adolescent phase 

have an impact on self-management in adolescents.
113

  

Communication between the healthcare providers and the adolescent patient‟s 

caregivers which excludes the patient has been reported to hinder adherence. Thus, 

actively involving  young adults in making decisions concerning their disease condition 

and treatment has been reported to encourage adherence.
105

 The ability of the healthcare 

provider to competently convey adequate information with clarity and simplicity has also 

been observed to improve adherence in adolescents.
105

 Clark et al. reported the impact of 

effective communication on improved health outcomes in adolescents with asthma.
115

 

Studies have also been carried out in different chronic disease states to observe other 

factors that may impede medication adherence in the pediatric population.  Naimi et al. 

reported that the lack of trust in the potential benefits of the medications was one of the 

reasons for low adherence rates among older adolescents with asthma.
27

 Like type 1 

diabetic adolescents, type 2 diabetic adolescents have also been found to be more 

predisposed to indulge in excessive and unhealthy eating habits which results in poor 

blood glucose control.
113, 116
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1.2.18.1 Transition from pediatric to adult medical care 

Transition from pediatric to adult medical care has been defined by Blum et al. as 

“the purposeful, planned movement of adolescents and young adults with chronic 

physical and medical conditions from child-centered to adult-oriented health care 

systems”. 
117

   This transition from child to adult medical care is one of the many 

transitions adolescents with chronic disease conditions go through during their 

progression to young adults and it has also been observed to hinder adherence if not 

properly handled.
118

 The importance of an effective transition from child to adult service 

was highlighted in a consensus statement concerning young adults with special healthcare 

needs, and measures to ensure a successful transition were recommended. 
119

  

A smooth transition from child to adult medical services may be hindered by the 

lack of understanding of the importance and purpose of the transition on the part of the 

patient, caregiver and healthcare provider.  Also, the pediatrician‟s ability to relay timely 

and adequate information to both patient and caregiver about the need for transition is 

necessary to allay the fears of the young patient and the parents concerning the 

impending transition to adult medical care. 
120

 

A sudden change to adult care without sufficient time for the patient to come to 

terms with such a change has been observed to result in increased clinic dropouts. Nakhla 

et al. reviewed several studies, and reported a significant decrease in clinic attendance of 

patients with type 1 diabetes after transition to adult care due to problems with 

transitioning into adult care.
121

 A drastic change in the type of medical service from one 

that closely involves the patient‟s family (who will likely encourage and support 
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adherence) compared to another that places less emphasis on direct family involvement 

may be unsettling for the young patient and may be responsible for the dropouts. 
118, 122-

123
 Reduced clinic attendance can eventually result in complications, more 

hospitalizations and more emergency care visits.
121

 The occurrence of  microvascular 

complications and significant weight gain were reported in diabetic adolescents eight 

years after transition into the adult medical care.
124

  Other problems with the transition 

may be caregiver- or healthcare professional-related. 

1.2.18.2 Caregiver-related factors 

Scal et al. and Lotstein et al. reported poor communication between the health 

care providers and the patients‟ caregivers about the evolving needs of the patient as a 

hindrance to a smooth transition in medical care.
125-126

 The patient‟s need for autonomy 

can be a main factor that negatively affects adherence in the pediatric population. 

However, it is believed that allowing the young patient some independence and 

encouraging independent communication with their healthcare provider will encourage 

adherence.
105

 The caregiver‟s apprehension and reluctance to solely entrust the care of 

their wards to a physician who treats adults has been reported to hinder a smooth 

transition.
122

 Therefore, there is a need to balance patient independence and family 

involvement. 

1.2.18.3 Healthcare provider-related factors 

Both the pediatrician and the adult physician may be responsible for negatively 

affecting the transition from the pediatric to adult medical care services of the young 
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patient. The established relationship between the pediatrician and patient may hinder 

transition particularly due to the reluctance of the pediatrician to acknowledge that the 

patient‟s needs have changed and that the pediatrician may not be in the best position to 

offer adequate care to the young adult.
122

 Furthermore, the adult physician‟s lack of 

adequate training and expertise treating patients with childhood-onset disease conditions 

has also been reported to be one of the factors discouraging transition into adult medical 

care.
123

 Moreover, Steinbeck et al. reported that challenges with patient management and 

the lack of established transition protocols can hinder a smooth transition. 
127

 The 

reluctance of the adult physician -due to budgetary limitations- to accept a patient who 

may make more demands on healthcare services may also hinder transition.
128

 The ability 

of physicians to determine the appropriate time for transition for each patient (not based 

on patient‟s age but on needs, maturity and preparedness) is important to ensure a smooth 

transition.
119-120

 

1.2.19 Improving adherence in the pediatric population 

Despite all the factors that have been provided to explain reasons for non-

adherence in the pediatric population, when specific measures are put in place, adherence 

in this young population is likely to be improved. To achieve this, a multifaceted 

approach is essential; this includes encouraging good communication between the 

patients, the caregiver and healthcare providers as well as ensuring that patients 

contribute actively when decisions are made concerning their disease and its 

management. The use of peer support groups, the role of regular education/ counseling 
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about the disease and its management as well as family support cannot be over-

emphasized. 
95, 110, 113

 Furthermore, it is imperative that collaboration between both 

pediatric and adult healthcare providers including the medical staff (which may include 

psychologists and nutritionists) be fostered to encourage a smooth and organized 

transition for the emerging adult patients.
122, 129

 These recommendations will ensure 

continuity of care and discourage dropouts from clinics and will eventually result in 

better adherence, less emergency visits, and better outcomes.
121

 

1.2.20 Summary  

Although type 2 diabetes is a chronic disease typically diagnosed in adults, an 

increasing prevalence in the pediatric population has recently been observed.
48

 Several 

studies have reported adult patients‟ adherence rates to OAD medications, as well as 

factors that affect adherence in the adult population with type 2 diabetes. 
22, 100, 102

 

However, reports of adherence rates in the pediatric population on OAD medications are 

rare and the magnitude of the effect of transition on adherence in the growing population 

of children and adolescents with type 2 diabetes is yet unknown. 
28

  Adherence to OAD 

medications has been reported to be low in the pediatric/adolescent population. This 

implies that young patients presenting with this chronic disease are highly prone to the 

development of complications (due to long-term disease duration).
14

 Subsequently, the 

complications lead to loss of productivity and increases in morbidity, disability, 

healthcare service utilization and healthcare costs.
83
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1.2.21 Rationale for study 

The challenges faced by the pediatric population as they transition into 

adolescence are enormous and special attention is required by the pediatric population 

who develop type 2 diabetes early in life. This is because they are more prone to non-

adherence and will suffer from this chronic disease condition for longer periods 

compared to the adult population and are thus at greater risks of developing 

complications. Furthermore, the aggressive progression of microvascular and 

macrovascular complications in adolescents with type 2 diabetes is a compelling reason 

to provide disease management. This includes monitoring adherence to OAD medications 

and other medications to prevent the onset of complications. The findings of this study 

will contribute to the literature by providing information on adherence rates to OAD 

medications in the pediatric population, especially as they transition from childhood to 

adolescence. This study will also help to identify critical periods in the lives of the 

pediatric patients that are associated with particularly low adherence to OAD 

medications. 
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1.2.22 Study objectives and hypotheses 

Pediatric subjects in this study maybe defined as subjects between the 10 and 18 

year-old bracket at index date. 

The objectives and related hypotheses for this study are as follows: 

 

1. To describe OAD medication use in the Texas Medicaid pediatric population 

from 2006 to 2009. 

2. To describe the trend in adherence rates to OAD medications in the pediatric 

population from 2006 to 2009. 

3. To describe the trend in persistence rates to OAD medications in the pediatric 

population from 2006 to 2009. 

4. To determine the relationship between gender and OAD medication adherence. 

H4a. OAD medication adherence is significantly higher in males than in females. 

5. To determine the relationship between age and OAD medication adherence. 

H5a. OAD medication adherence is significantly higher in younger patients than in 

older patients. 

6. To determine the relationship between race and OAD medication adherence. 

H6a. OAD medication adherence is significantly higher in the non-minority race 

than in the minority races. 

7. To determine if OAD medication adherence (continuous) differs by age 

(continuous), controlling for 1) class of OAD medication used 2) gender 3) race 
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and 4) number of other types of medications used. The effect of each covariate on 

adherence was also tested while holding other variables constant. 

H7a. There is a significant and negative relationship between adherence and age 

while controlling for other covariates. 

8. To determine if OAD medication adherence (continuous) differs by age category 

(three groups; 10-12, 13-15, 16-18 years), controlling for 1) class of OAD 

medication used 2) gender 3) race and 4) number of other types of medications 

used. The effect of each covariate on adherence was also tested while holding 

other variables constant. 

H8a. There is a significant and negative relationship between adherence and age 

category while controlling for other covariates. 

9. To determine if OAD medication adherence status (dichotomized as >= 80 % or < 

80%)  differs by age (continuous), controlling for 1) class of OAD medication 

used 2) gender 3) race and 4) number of other types of medications used. The 

effect of each covariate on adherence status was also tested while holding other 

variables constant. 

H9a. There is a significant and negative relationship between adherence status and 

age while controlling for covariates.  

10. To determine if OAD medication adherence status (dichotomized as >= 80 % or < 

80%)  differs by age category (three groups; 10-12, 13-15, 16-18 years),  

controlling for 1) class of OAD medication used 2) gender 3) race and 4) number 
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of other types of medications used. The effect of each covariate on adherence 

status was also tested while holding other variables constant. 

H10a. There is a significant and negative relationship between adherence status 

and age category while controlling for covariates.  

11. To determine the relationship between gender and OAD medication persistence. 

H11a. Persistence is significantly higher in males than in females. 

12. To determine the relationship between age and OAD medication persistence. 

H12a. Persistence is significantly higher in younger patients than in older patients. 

13. To determine the relationship between race and OAD medication persistence. 

H13a. Persistence is significantly higher in the non-minority race than in the 

minority races. 

14. To determine if OAD medication persistence (continuous – days until non-

persistent) differs by age (continuous), controlling for 1) class of OAD medication 

used 2) gender 3) race and 4) number of other types of medications used. The 

effect of each covariate on persistence was also tested while holding other 

variables constant. 

H14a. There is a significant and negative relationship between persistence and age 

while controlling for other covariates. 

15. To determine if OAD medication persistence (continuous – days until non-

persistent) differs by age category (3 groups; 10-12, 13-15, 16-18 years), 

controlling for 1) class of OAD medication used 2) gender 3) race and 4) number 
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of other types of medications used. The effect of each covariate on persistence 

was also tested while holding other variables constant. 

H15a. There is a significant and negative relationship between persistence and age 

category while controlling for other covariates. 
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CHAPTER 2 

METHODS 

This chapter describes the study design and methods. In addition, the objectives 

and hypotheses of the study and the statistical methods used to test the hypotheses are 

enumerated in this section. 

2.1 STUDY DESIGN AND DATA SOURCE 

This retrospective study involved the analyses of Texas Medicaid prescriptions 

claims and eligibility data, which are secondary databases. Medicaid is a national health 

program that is jointly funded by the federal and state governments. States are free to 

determine eligibility and provide medical services to enrollees within broad federal 

guidelines. The Medicaid program was specifically designed to provide healthcare 

coverage to people who are of low socioeconomic status, pregnant women, non-disabled 

children, and elderly persons.  

The provision of prescription medications is one of the healthcare services 

provided by Texas Medicaid to eligible enrollees through the Vendor Drug Program 

(VDP).
130

 In 2007, the Texas Medicaid program enrolled over 4 million patients of which 

57 percent were females, while over 70 percent of the patients were below the age of 21.  

Texas Medicaid is made up of 54 percent Hispanics, 24 percent Caucasian, 18 percent 

African-American and other racial groups make up the remaining four percent.
130
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2.2 INSTITUTIONAL REVIEW BOARD APPROVAL 

Permission and approval were obtained from the institutional review board of the 

University of Texas at Austin. De-identified data were used to minimize the risk to 

subjects‟ privacy and welfare. 

2.3 DATA COLLECTION 

 Texas Medicaid prescriptions claims data were extracted from July 1, 2005 

through December 31, 2009. Subjects were identified from January 1, 2006 through to 

December 31, 2008 and twelve months of data were analyzed for each patient. 

Figure 2.1 depicts the time frame within which subjects were identified and how 

data were extracted. Table 2.1 shows the information that was extracted from the 

eligibility and prescription claims files. 

Figure 2.1 Data extraction and subject identification period 

                                            Identification / index period  

July 1, 2005     January 1, 2006        December 31, 2008      December 31, 2009     

 

  Pre-index period                                     Post-index period 

                                                Index Date 
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Table 2.1 Extracted Medicaid data file information  

File name Description 

Eligibility file 

PCN Unique subject identification number not 

based on SSN
1 

Gender Gender of patient 

Ethnicity Race of patient 

Open date  Date patient first enrolled in Medicaid 

Close date Date patient discontinued Medicaid 

enrollment  

Prescription claims file 

PCN Unique subject identification number 

Dispense date Date an oral antidiabetic medication was 

filled 

NDC National Drug Code
2 

GCN_SEQ NO Generic Code Number 

Quantity  Quantity of medication dispensed 

Days‟ supply Number of days for which medication was 

supplied 

Age Patient‟s age at index date 
  1

 Social Security Number 
   2

 Unique codes for drugs that identifies product and package size                                                     

2.3.1 Index date 

The index date for subjects fell between January 1, 2006 and December 31, 2008 

and was defined as the first day on which a prescription was filled for an oral antidiabetic 

(OAD) medication. The OAD medications included in the study are sulfonylureas, 

metformin, thiazolidinedione, meglitinide analogs, dipeptidyl peptidase-4 (DPP-4) and 

combination therapy. 
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2.3.2 Inclusion and exclusion criteria 

Subjects who were eligible to be included in the study met the following criteria: 

1) Patients between 10 and 18 years of age at index date; 2) Patients without an OAD 

medication prescription filled 6 months prior to the index date; 3)   Patients on at least 

one OAD medication; 4) Patients with at least two prescriptions of the same OAD 

medication; and 5) Patients continuously enrolled for at least 12 months after the index 

date.  

2.3.3 Measures of medication adherence 

Adherence to medication may be assessed using several methods. However, the 

most common methods of assessing adherence when retrospective databases are analyzed 

are the medication possession ratio, the proportion of days covered and persistence.
131

  

2.3.3.1 Medication possession ratio 

The medication possession ratio (MPR) can be defined as the sum of total days‟ 

supply for all fills divided by the number of days in the observation period (Figure 

2.2).
132

 In this case, the length of the observation period is fixed at 365 days. MPR 

reflects the proportion of days the patient had the medication in his/her possession.  
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Figure 2.2 Formula for calculating medication possession ratio (MPR) 

     

 

2.3.3.2 Proportion of days covered 

The proportion of days covered (PDC) is another commonly used method of 

assessing medication adherence in patients.  PDC is estimated by dividing the number of 

days in which one or more drugs was/were available by the number of days in the 

specified interval which is fixed at 365 days in this case. Medication switches and/or 

duplication are treated such that covered days are not counted more than once when 

calculating the PDC. This makes the PDC a more conservative measure of adherence 

(compared to the MPR). 
133

  

Furthermore, studies have shown that MPR and PDC result in similar adherence 

values for cases of simple drug use (i.e., use of one drug). However, the MPR may 

overestimate adherence in cases of drug switches, therapeutic duplication or multiple 

drug use within the same therapeutic class. 
132-133

This was not applicable to the present 

study as the focus was on simple drug use; hence, the medication possession ratio was 

utilized to assess adherence. 
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Figure 2.3 Formula for calculating proportion of days covered (PDC) 

 

†  

 
  
†PDC value is always between 0 and 1 

*Typically a clinically meaningful number of days and should be the same for all intervals and patients. 

2.3.3.3 Persistence 

Persistence was also used as a proxy for medication taking behavior and was 

defined as the number of days that subjects continuously took their OAD medication 

from the index date through to the end of the observation period (in days).
131

 A grace 

period, defined as the number of days (i.e., 30 days) of medication supplied in the 

previous fill multiplied by 1.5 (e.g., 45 days), was not to be exceeded. Once exceeded, the 

patient was deemed non-persistent. Sensitivity analysis was carried out by varying the 

grace period (30 and 60 days).  

2.3.4 Study variables 

2.3.4.1 Dependent variables 

 Medication taking behavior was the dependent variable and medication 

possession ratio (MPR) was used as one proxy for this; MPR values were calculated as 

both continuous and dichotomized variables.  MPR values at and above 80 percent 

indicated adherence, while MPR values below 80 percent implied non-adherence. MPR 

values above 100 percent were truncated to 100 percent for analytical purposes.                           
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Persistence to OAD medications, a continuous variable, was also used as proxy for the 

dependent variable (medication taking behavior). Only index medications were analyzed. 

2.3.4.2 Independent variable 

Age was the primary independent variable of interest. Analyses were conducted 

with age as both continuous and categorical variables. As a categorical variable, subjects 

were grouped into three age categories based on their age at the index date. 

Age group 1 = 10, 11, and 12 years 

Age group 2 = 13, 14, and 15 years 

Age group 3 = 16, 17 and 18 years 

2.3.4.3 Covariates  

Factors that were controlled for in the study due to their ability to confound the 

relationship between adherence measures (MPR and persistence) and age include the 

class of OAD medication used, gender, race, and total number of other medications used. 

2.3.5 Operational definition of variables used in the study 

Dependent variables:  

1) OAD medication adherence: MPR as a continuous variable  

2) OAD medication adherence status: MPR (≥80% = adherent or <80% = non-

adherent) for OAD medication adherence. 

3) OAD medication adherence: Persistence (the number of days of continuous OAD 

medication therapy during the post-index period [in days]). 
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 Independent variable: 

Age: continuous based on the age of each subject at index date 

Age category: 

Age group 1 = 10, 11, and 12 years 

Age group 2 = 13, 14, and 15 years 

Age group 3 = 16, 17 and 18 years 

 

Covariates 

1) Class of OAD medication (categorical variable): 1=Metformin; 2=Sulfonylureas; 

3=Thiazolidinediones; 4=Di-peptidyl-peptidase-4 (DPP-4); 5=Meglitinide 

analogs; 6=Combination therapy. 

2) Gender : Gender of subject (categorical variable)  0=Female; 1=Male 

3) Race: 1 =White; 2 =Black; 3 =Hispanic; 4 =Others (American-Indian, Asians) 

4) Number of other medications used: Total number of other medications used at 

index date. 

2.3.6 Statistical analyses 

Descriptive statistics were used to address objectives 1, 2 and 3; that is, means, 

standard deviations, frequencies and percentages were used to describe medication use 

and the trend in adherence and persistence rates to OAD medications in the study 

population. T-tests were used to determine if adherence and persistence differs by gender 
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while Analysis of variance (ANOVA) was used to determine if OAD medication 

adherence and persistence differed by 1) age groups; and 2) race. Duncan post-hoc tests 

were run to compare group means for significant ANOVA test results. Logistic 

regression was also employed to determine if adherence (dichotomized as ≥ 80% and ˂ 

80%) differed by age while controlling for gender, race, class of OAD medication used 

and total number of other medications used. Multiple regression was also used to 

determine if adherence and persistence differed by age while controlling for gender, race, 

class of OAD medication used and total number of other medications used. Simultaneous 

regression models were used in the multiple regression analyses. Table 2.2 provides a 

summary of the statistical tests used to address the objectives and related hypotheses of 

this study. Also presented in this section are the four statistical tests utilized (t-test, 

ANOVA, logistic regression and multiple regression) and the preliminary tests and 

sample size estimations for each statistical test. 

2.3.6.1 T-TEST 

Independence of observations, normal distribution of observations and equality of 

variance are the assumptions that were checked and met in the preliminary analysis of the 

data. 

2.3.6.2 ANOVA 

Assumptions that were checked and met before analyses include: 1) Independence 

of observations; 2) Equality of variance; and 3) Normal distribution of observations. 



 55 

In the estimation of sample size, a medium effect size (f = 0.25) based on 

convention, α-level of 0.05 and  power of 0.80 were assumed.
134

  A total sample size of 

156 (52 subjects in each group) was required for an ANOVA test involving three age 

groups, while a sample size of 176 (44 subjects in each group) was required for the 

ANOVA test involving four racial groups. The sample size required for gender was 124 

(62 subjects in each group). 

2.3.6.3 Logistic regression 

Assumptions that were checked and met before analyses are: 1) The independence 

of observations; 2) A dichotomized dependent variable; and 3) The adequacy of sample 

size to avoid the overestimation of parameter estimates and standard errors.
135

 

 

Figure 2.4 Logistic regression model 

Logit [(x)] = [Ө(x)/1-Ө(x) = α + β1 x1 + β2 x2 + β3x3 + β4x4 + β5x5 

Where Ө(x) = Probability of success (MPR ≥ 80%) 

1- Ө(x) = Probability of failure (MPR < 80%) 

α = Constant of the equation 

β= Coefficient of the predictor variables 

X1 = Age categories 

X2 = Gender (Male vs. Female) 

X3 = Race 

X4 = Class of OAD medication used 
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X5 = Total number of medications used 

2.3.6.3.1 Sample size calculation for logistic regression 

The sample power software 2.0 version was used to obtain sample size 

estimates.
136

 The three age categories; 10 – 12 years, 13 – 15 years and 16 – 18 years 

were assumed to have equal relative proportions, while the oldest age category (16 – 18 

years) was the reference group. The event rate was assumed to be 0.50, 0.45 and 0.40 

respectively for the 3 age categories (10 – 12 years, 13 – 15 years and 16 – 18 

years).With power = 0.80 and α = 0.05, a minimum sample size of 1,420 was required. 

2.3.6.4 Multiple regression  

In carrying out multiple regression analyses, the following assumptions were 

checked and met : 1) A linear relationship between the dependent and independent 

variables; 2) A normal distribution and constant variance of the errors; and 3) 

Independent observations.
137

 

Figure 2.5 Multiple regression model 

Y = a + b 1X1 + b 2X2 + b 3X3 + b 4X4 + b 5X5 

Y = value predicted for variable Y 

a = constant of the intercept 

b = regression coefficient 

X = values of independent variables 

X1 = Age categories 

X2 = Gender (Male vs. Female) 
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X3 = Race 

X4 = Class of OAD medication used 

X5 = Total number of medications used 

2.3.6.4.1 Calculation of sample size for multiple regression 

N = L/ɣ + k + 1 

N = estimate of subjects required 

L = Tabled value for the power and α desired 

K = Number of independent variables 

ɣ = estimate of effect size 

ɣ = R
 2

 / (1 – R
2
) 

N = 12.83/ (0.13/ 1- 0.13) + 5 + 1 = 92.1 

With 5 predictors and assuming a power of 0.8; effect size = 0.13 (moderate effect size) 

and α = 0.05, a minimum sample size required for the multiple regression analysis was 

92.
137

 From the sample size calculations for ANOVA, logistic and multiple regression, 

overall, a sample size of at least 1,420 was required to detect a statistically significant 

difference if present. The Statistical Analytical Software (SAS) 9.2 version was used for 

analyses. 
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Table 2.2 Study hypotheses and statistical tests 
Objectives  Hypothesis Dependent variable Independent variable Procedure/Statistical test 

1. To describe OAD medication use in the Texas 
Medicaid pediatric population 

 

 

N/A OAD medication use  Descriptive statistics(mean, 
 standard deviation,  

frequency and percentage) 

2. To describe the trend in adherence to OAD 

medications in the population 

N/A OAD medication 

adherence 

 

 

Descriptive statistics (mean, 

 standard deviation,  

frequency and percentage) 
 

 

3. To describe the trend in persistence to OAD 
medications in the population 

 

 

N/A 

 

 

OAD medication 
persistence 

 

 

 

 

Descriptive statistics (mean,  
standard deviation,  

frequency and percentage) 

 
 

4. To determine the effect of gender on medication 

adherence 
 

 
 

H4a: There is a significant difference in 

adherence by gender 

 
 

OAD medication 

adherence 

 
 

Gender (nominal) 

 
 

T-test 

 

5. To determine the effect of age on medication 
adherence. 

 

 

H5a: There is a significant difference in 
adherence by age group. 

 

OAD medication 
adherence 

 

Age category (ordinal) 

 

ANOVA 

 

6. To determine the effect of race on medication 

adherence. 
 

 

H6a: There is a significant difference in 

adherence by race. 

 

OAD medication 

adherence 

 

Race (nominal) 

 

ANOVA 

 

7. To determine if OAD medication adherence 
(continuous) differs by age (continuous), controlling 

for 1) class of OAD medication used 2) gender 3) race 

and 4) number of other types of medications used. The 
effect of each covariate was also tested holding other 

variables constant. 

 

 

H7a. There is a significant relationship 
between adherence and age while 

controlling for covariates. 

  

MPR  
(continuous) 

 

Age (continuous) 
Class of OAD 

(categorical) 

Gender (dichotomous) 
Race (categorical) 

Number of other 

medications used 
(continuous) 

 

Multiple regression 
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Table 2.2 cont. 
 

8. To determine if OAD medication adherence 

(MPR-continuous) differs by age (category), 

controlling for 1) class of OAD medication used 

2) gender 3) race and 4) number of other types of 

medications used. The effect of each covariate 

was also tested holding other variables constant. 

 

H8a. There is a significant relationship 

between adherence and age category 

while controlling for covariates. 

 

MPR (continuous) Age  (category) 

Class of OAD 

(categorical) 

Gender (dichotomous) 

race (categorical) 

Number of other 

medications used 

(continuous) 

Multiple regression 

9.To determine if OAD medication adherence 

(dichotomized as >= 80 % or < 80%)  differs by 

age(continuous), controlling for 1) class of OAD 

medication used 2) gender 3) race and 4) number 

of other types of medications used. The effect of 

each covariate was also tested holding other 

variables constant. 

 

H9a. There is a significant relationship 

between adherence and age while 

controlling for covariates. 

MPR >=80% or MPR 

< 80% 

(dichotomous) 

Age (continuous) 

Class of OAD 

(categorical) 

Gender (dichotomous) 

Race (categorical) 

Number of other 

medications used 

(continuous) 

Logistic regression 

10. To determine if OAD medication adherence 

(dichotomized as >= 80 % or < 80%)  differs by 

age category, controlling for 1) class of OAD 

medication used 2) gender 3) race and 4) number 

of other types of medications used. The effect of 

each covariate was also tested holding other 

variables constant. 

 

H10a. There is a significant relationship 

between adherence and age category 

while controlling for covariates. 

MPR >=80% or MPR 

< 80% 

(dichotomous) 

Age  (categorical) 

Class of OAD 

(categorical) 

Gender (dichotomous) 

race (categorical) 

Number of other 

medications used 

(continuous) 

Logistic regression 

11. To determine the effect of gender on 

medication persistence. 

 

H11a: There is a significant difference in 

persistence by gender 

OAD medication 

persistence 

Gender(nominal) T-test 

12. To determine the effect of age on medication 

persistence. 

 

H12a: There is a significant difference in 

persistence by age category. 

OAD medication 

persistence 

Age category (ordinal) ANOVA 

13. To determine the effect of race on medication 

persistence. 

 

H13a: There is a significant difference in 

persistence by race. 

OAD medication 

persistence 

 Race(nominal) ANOVA 
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Table 2.2 cont. 

 
14.To determine if OAD medication persistence 

(continuous – days until non-persistent)  differs 

by age (continuous), controlling for 1) class of 

OAD medication used 2) gender 3) race and 4) 

number of other types of medications used. The 

effect of each covariate was also tested holding 

other variables constant. 

 

H14a. There is a significant relationship 

between persistence and age while 

controlling for covariates 

Days until patient is 

non-persistent 

(Continuous) 

Age (continuous) 

Class of OAD 

(categorical) 

Gender (dichotomous) 

Race (categorical) 

Number of other 

medications used 

(continuous) 

Multiple regression 

 

 

15.To determine if OAD medication persistence 

(continuous – days until non-persistent)  differs 

by age category, controlling for 1) class of OAD 

medication used 2) gender 3) race and 4) number 

of other types of medications used. The effect of 

each covariate was also tested holding other 

variables constant. 

 

 

H15a. There is a significant relationship 

between persistence and age category 

while controlling for other covariates. 

 

Days until patient is 

non-persistent 

(Continuous) 

 

Age (categorical) 

Class of OAD 

(categorical) 

Gender (dichotomous) 

Race (categorical) 

Number of other 

medications used 

(continuous) 

 

Multiple regression 
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 CHAPTER 3 

 RESULTS SECTION 

 

This chapter provides a report of the results obtained from the study. The focus of 

the study was to assess adherence and persistence to oral antidiabetic (OAD) medications 

in the pediatric population with type 2 diabetes using the Texas Medicaid prescription 

claims data.  The methods of patient selection are reported, followed by the results of 

statistical analyses. 

3.1 PATIENT SELECTION BASED ON INCLUSION CRITERIA 

 

A total of 10,435 subjects between the ages of 10 and 18 were identified to be on 

at least one OAD medication within the specified observation period (January 1, 2006 to 

December 31, 2009). Of this sample, 8,141 met the criterion that subjects must not have 

an index date beyond December 31, 2008.  Thereafter, 1,081 subjects failed to meet the 

criterion that required that subjects be without OAD medications 6 months prior to their 

index date, leaving a total of 7,060 subjects. After the one-year continuous enrolment 

criterion was applied, 2,608 subjects were excluded - leaving 4,452 subjects. 

Furthermore, 1,343 subjects did not have at least two prescriptions of the same OAD 

medication, leaving a final sample size of 3,109 (see Table 3.1). 
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Table 3.1 Final sample size derived after execution of inclusion criteria 

Inclusion criteria Number 

excluded 

Number 

retained 

Subjects between 10 and 18 receiving OAD
1
 

medications at index date 

 10,435 

Subjects with index dates between Jan. 1, 2006 and 

Jan. 1, 2009 

2,294 8,141 

Subjects without OAD medications 6 months prior 

to index date 

1,081 7,060 

Subjects with at least 12 months of continuous 

enrollment after index date 

2,608 4,452 

Subjects on at least one OAD medication with at 

least two prescriptions of the same medication 

1,343 3,109 

Final sample size  3,109 
1
 Oral antidiabetic 

 

3.2 OBJECTIVES 

This study had fifteen objectives and twelve hypotheses. Objectives 1, 2 and 3 

involved descriptive statistics; hence, they had no hypotheses. 

3.2.1 Objective 1 analysis – Descriptive analyses 

Descriptive statistics were used to address the first objective of the study which 

was to describe OAD medication use in the Texas Medicaid pediatric population.  The 

results include descriptive statistics of the independent variable (age) and the covariates 

(gender, race, type of OAD medication used, total number of other medications used). 

These variables were classified into two groups (demographic and clinical variables). 

 

3.2.1.1 Demographic variables 

Demographic variables (age, gender and race) of the subjects are presented in 

Tables 3.2, 3.3, and 3.4 below. Subjects included in the study were between 10 and 18 
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years and the mean age (± SD) was 14.2 ± 2.3 years.  The majority of the sample subjects 

were females (66.6 percent) and about 60 percent of the subjects were Hispanic.  

Table 3.2 Frequency of age 

Age  N % 

10 241 7.8 

11 216 7.0 

12 330 10.6 

13 398 12.8 

14 436 14.0 

15 439 14.1 

16 416 13.4 

17 387 12.5 

18 246 7.9 

Total  3,109 100.1 
Total percent does not equal to 100 due to rounding 

Table 3.3 Frequency of gender 

Gender  N % 

Male  1,043 33.5 

Female  2,066 66.5 

Total  3,109 100.0 

 

Table 3.4 Frequency of race 

Race  N % 

White  403 13.0 

Black  435 14.0 

Hispanic  1,869 60.1 

Others  402 12.9 

Total  3,109 100.0 
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3.2.1.2 Clinical factors 

 

Tables 3.5 and 3.6 present descriptive statistics of the clinical factors (the type of 

OAD medication used and total number of other medications used). 

3.2.1.2.1 OAD medication use 

The majority of subjects (91.3%) were observed to be on metformin. 

Table 3.5 Frequency of OAD medication use 

OAD
1
 medication use N % 

Sulfonylureas  88 2.8 

Metformin  2,839 91.3 

Thiazolidinediones  102 3.3 

DPP-4
2 

7 0.2 

Meglitinides  8 0.3 

Combination therapy 65 2.1 

Total  3,109 100.0 
1
 Oral antidiabetic 

2 
Dipeptidyl peptidase-4 inhibitors 

 

3.2.1.2.2 Number of other medications used  

Table 3.6 shows the frequency of the total number of other medications taken by 

the subjects at index date. The majority of subjects (59.9%) were not on any other 

medication apart from their OAD medication at index date. 
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Table 3.6 Frequency of total number of non-OAD medications used 

Total number of non-

OAD medications used 

N % 

0 1,863 59.9 

1 662 21.3 

2 315 10.1 

3 138 4.4 

≥4 131 4.2 

Total  3,109 99.9 
Total percent does not equal 100 due to rounding 

 

3.2.2 Objectives 2 and 3 analyses – Trends in MPR and persistence 

 

Objectives 2 and 3 were to assess trends in OAD medication adherence and 

persistence in the study population. Figures 3.1 and 3.2 show a trend in adherence and 

persistence across age, race and gender. Overall, adherence and persistence decreased 

with age. Males were generally more adherent and persistent compared to females. 

Likewise, whites were more adherent and persistent compared to blacks and Hispanics, 

while blacks were slightly more adherent and persistent compared to Hispanics. 
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Figure 3.1 Trend in OAD medication adherence 

 
Race (1=white; 2=black; 3=Hispanic) 
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Figure 3.2 Trend in OAD medication persistence 

 
 

Race (1=white; 2=black; 3= Hispanic) 
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Figure 3.3 Overall trend in mean MPR by age 
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Figure 3.4 Overall trend in mean Persistence by age 
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3.2.3 Objective 4 analysis – MPR by gender 

 

This objective was to determine if adherence differs by gender. A t-test detected a 

significant difference in adherence by gender (t = -4.048; p <0.0001). Table 3.7 shows 

that the mean MPR ± SD for males (47.47 ± 27.42) was significantly higher than that of 

females (43.29 ± 26.78). Chi-square analysis also showed a significant relationship (X
2
= 

5.946; df= 1; p=0.0148) when an 80 percent MPR cut-off value was used (see Table 3.8). 

Overall, 15.6 percent of subjects were adherent (MPR values ≥ 80%), with males having 

a higher proportion of adherent subjects (17.83%).  

Table 3.7 T-test of medication possession ratio by gender 

Gender  N Mean MPR SD 95% CI 
Female  2,066 43.29

a 
26.78 42.13, 44.44 

Male   1,043 47.47
b 

27.42 45.80, 49.14 
Total  3,109 44.69 27.06 44.02, 45.95 
T = -4.048; p <0.0001 

 

Table 3.8 Chi-square of medication possession ratio above or below 80% threshold 

by gender 

MEAN MPR Female 
 

N (%) 

Male 

 

N (%) 

Total 

 

N (%) 

≥80% 299 (14.47) 186 (17.83) 485 (15.60) 

˂ 80% 1,767 (85.53) 857 (82.17) 2,624 (84.40) 

Total  2,066 (100) 1,043 (100) 3,109 (100) 
X

2 
= 5.946; df = 1; p = 0.0148 
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3.2.4 Objective 5 analysis – MPR by age 

 

A one-way ANOVA test was used to address the fifth objective which was to 

determine the relationship between age group (1 = 10-12 years; 2 = 13-15 years; 3 = 16-

18 years) on OAD medication adherence. Overall, the ANOVA test was significant (F= 

20.98; df = 2; p<0.0001). Table 3.9 shows the results of post-hoc tests when mean MPR 

values were compared across the three age groups. Mean MPR (± SD) for age group 1 

was 48.82 (±27.37), this was significantly higher than mean MPR values of age groups 2 

(45.39 ± 27.26) and 3 (40.75 ± 26.08) respectively.  Also, the mean MPR of age group 2 

was significantly higher than that of age group 3. A chi-square analysis showed a 

significant relationship (X
2 

= 18.40; df = 2; p< 0.0001) when an 80 percent MPR cut-off 

value was used (see Table 3.10). Overall, 15.6 percent of subjects were adherent (MPR 

values ≥ 80%), with age group 1 having the highest frequency of adherent subjects 

(18.17%) while age group 3 had the lowest (11.73%). 

 

Table 3.9 ANOVA results of medication possession ratio across age groups 

Age group N Mean MPR
 

SD 95% CI 

Group 1  

(10-12 years) 

787 48.82
a 

27.37 46.90- 50.73 

Group 2 

(13-15 years) 

1,273 45.39
b 

27.26 43.89- 46.88 

Group 3 

(16-18 years) 

1,049 40.75
c 

26.08 39.17- 42.33 

Total  3,109 44.69 27.06 44.02, 45.95 
Duncan‟s post-hoc analysis: Unlike letters (a-c) signify significant mean differences 

F= 20.98; df =2; p< 0.0001 
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Table 3.10 Chi-square results of mean medication possession ratio above or below 

80% threshold by age groups 

MEAN MPR Age group 1 

(10-12years) 

N (%) 

Age group 2 

(13-15 years) 

N (%) 

Age group 3 

(16-18 years) 

N (%) 

Total 

 

N (%) 

≥80% 143 (18.17) 219 (17.20) 123 (11.73) 485 (15.6) 

˂ 80% 644 (81.83) 1,054 (82.80) 926 (88.27) 2,624 (84.4) 

Total  787 (100) 1,273 (100) 1,049 (100) 3,109 (100) 

X
2 
= 18.40; df = 2; p< 0.0001 

 

3.2.5 Objective 6 analysis –MPR by race 

 

In testing the relationship between race and adherence, an ANOVA test detected 

significant differences in adherence across race (F=14.68; df =3; p<0.0001). Table 3.11 

shows that the mean MPR ± SD for whites (50.04 ± 29.65) and other races (49.99 ± 

28.33) were significantly higher than that of blacks (44.24 ± 26.16) and Hispanics (42.50 

± 26.10) respectively. There was no significant difference in means between whites and 

other races and between blacks and Hispanics. A chi-square analysis showed a significant 

relationship (X
2 

= 36.63; df = 3; p< 0.0001) when an 80 percent MPR cut-off value was 

used (see Table 3.12). Overall, about 16 percent (15.6%) of subjects were adherent (MPR 

values ≥ 80%); with whites having the highest proportion of adherent subjects (22.58%) 

and Hispanics had the lowest (13.11%). 
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Table 3.11 ANOVA of medication possession ratio by race 

Race  N Mean MPR SD 95% CI 

White 403 50.04
a 

29.65 47.13- 52.94 

Black  435 44.24
b 

26.16 41.77- 46.70 

Hispanic  1,869 42.50
b 

26.10 41.32- 43.9 

Others  402 49.99
a 

28.33 47.21- 52.77 

Total  3,109 44.69 27.06 44.02, 45.95 
Duncan‟s post-hoc analysis: Unlike letters (a-b) signify significant mean differences 

F=14.68; df = 3; p<0.0001 

 

 

Table 3.12 Chi-square of medication possession ratio above or below 80% threshold 

by race 

MEAN MPR White 

 

N (%) 

Black 

 

N (%) 

Hispanic 

 

N (%) 

Others 

 

N (%) 

Total 

 

N (%) 

≥80% 91 (22.58) 61 (14.02) 245 (13.11) 88 (21.89) 485 (15.60) 

˂ 80% 312 (77.42) 374 (85.98) 1,624 (86.89) 314 (78.11) 2,624 (84.40) 

Total  403 (100) 435 (100) 1,869 (100) 402 (100) 3,109 (100) 
X

2
= 36.63; df= 3; p< 0.0001 

Others= American-Indians, Asians 

 

3.2.6 Objectives 7 and 8 analyses – Multiple regression analyses 

 

Multiple regression analysis addressed the objectives to determine whether OAD 

medication adherence (continuous) differs by age (continuous and categorical) while 

controlling for covariates (gender, race, class of OAD medication used and total number 

of other types of medications used). These analyses were also used to identify covariates 

that are significantly related to OAD medication adherence while controlling for other 

covariates. Age was initially included in the model as a continuous variable and was 
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thereafter included as a categorical variable in the model to determine if different 

statistical conclusions would be reached based on the level of measurement.  

Covariates that were included in the model were all categorical variables except 

the total number of other medications used which was a continuous variable. The 

categorical variables include gender, race, and type of OAD medication used. For the 

purpose of analyses, all categorical variables were dummy coded (0, 1). To identify 

problems with multicollinearity among independent variables, the Variance Inflation 

Factor (VIF) test was carried out; no set of variables was detected to have the problem of 

multicollinearity as none had a value greater than 2, the cut-off value for multicollinearity 

is 10.   

 

3.2.6.1. Objective 7 analysis: Multiple regression analysis of adherence with age as 

continuous independent variable 

 

Overall, the multiple regression model was significant at R
2
= 4.39; F=12.93; df=14; 

p=<0.0001. The model accounted for 4.4 percent of the variance in adherence. Age was 

statistically significant and negatively related to adherence (b= -1.55; t= -7.43; p<0.0001) 

while controlling for covariates. For each year increase in age, MPR decreased by 1.55 

percent while holding other variables constant (See Table 3.13). Among the covariates, 

race was found to be significant, holding other variables constant. Compared to 

Hispanics, whites (b=8.14; t= 5.58; p= 0.001) and other races (b= 7.84; t=5.36; p= 

0.0005) were more adherent. In whites, MPR was 8.14 percent higher compared to 

Hispanics while MPR in the other races was 7.84 percent higher compared to Hispanics.  
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There was no significant difference in adherence between blacks and Hispanics. Gender 

was also found to be significantly related to adherence (b=3.76; t= 3.70; p= 0.0002). The 

MPR was 3.76 percent higher in males compared to females. The type of OAD 

medication used was also found to be significantly related to adherence as subjects on 

sulfonylureas were less adherent (b=-10.03; t= -3.46; p= 0.0006) compared to subjects on 

metformin. The MPR was 10.03 percent lower in subjects on sulfonylureas compared to 

those on metformin.  

 

Table 3.13 Multiple regression analysis of adherence with age as continuous 

independent variable 

Variable  B T p-value 

Age  -1.55 -7.43 <0.0001* 

Gender     

Male  3.76 3.70 0.0002* 

Race     

White  8.14 5.58 <0.0001* 

Black  2.50 1.76 0.0695 

Others  7.84 5.36 <0.0001* 

OAD medication type    

Sulfonylureas  -10.03 -3.46 0.0006* 

Thiazolidinediones  -0.13 -0.05 0.9463 

DPP-4 9.22 0.92 0.3468 

Meglitinides  2.26 0.24 0.7546 

Combination therapy 4.38 1.31 0.1727 

Total non-study medications 

used 

1.69 0.70 0.5179 

R
2 
= 4.39; F=12.93; df = 14; p  <0.0001 

*Significant at p< 0.05 

Reference groups= Female; Hispanic; Metformin 

Others= American-Indians, Asians 
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3.2.6.2 Objective 8 analysis: Multiple regression analysis of adherence with age as a 

categorical independent variable 

 

Similar results were obtained when age was included in the model as a categorical 

independent variable (see Table 3.14), overall significance was reported at R
2 

= 3.78; F= 

10.14; p < 0.0001. The results show that age group was significantly related to adherence. 

(b= 7.67; t= 6.04; p<0.0001). MPR was 7.7 percent higher in subjects in age group 1 

compared to subjects in the reference group; that is, age group 3 (subjects between 16 and 

18 years).  The results also show that MPR in subjects in age group 2 (subjects between 

13 and 15 years) was significantly higher compared to the reference group (b
 
=4.39; t= 

3.93; p<0.0001). MPR increased by 4.4 percent in subjects in age group 2 compared to 

those in group 3.  

Among the covariates, gender was significantly related to adherence (b=3.91; t= 

3.83; p= 0.0001). The MPR was almost 4 % higher in male subjects compared to female 

subjects. Race was also significantly related to adherence. Whites (b= 7.82; t= 5.02; 

p<0.0001) and other races (b= 7.82; t= 5.33; p<0.0001) were more adherent compared to 

Hispanics. MPR was about 8 percent higher in both whites and other races compared to 

Hispanics. There was no significant difference in adherence between blacks and 

Hispanics. The type of OAD medication used was also found to be significantly related to 

adherence as subjects on sulfonylureas were less adherent (b=-10.78; t= -3.72; p= 0.0002) 

compared to subjects on metformin. MPR was about 11 percent lower in subjects on 

sulfonylureas compared to those on metformin.  
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Table 3.14 Multiple regression analysis of adherence with age as a categorical 

independent variable 

Variable  B T p-value 

Age    

Age group 1 7.67 6.04 <0.0001* 

Age group 2 4.39 3.89 <0.0001* 

Gender     

Male  3.91 3.83 0.0001* 

Race     

White  7.82 5.52 <0.0001* 

Black  2.58 1.81 0.0697 

Others  7.82 5.33 <0.0001* 

OAD medication type    

Sulfonylureas  -10.78 -3.72 0.0002* 

Thiazolidinediones  -0.54 -0.18 0.8410 

DPP-4 7.84 0.78 0.4360 

Meglitinides  2.48 0.26 0.7929 

Combination therapy 4.11 1.22 0.1997 

Total non-study 

medications used 

-0.28 0.74 0.4593 

R
2 
= 3.78; F = 10.14; p < 0.0001.  

*Significant at p< 0.05 

Reference groups= Female; Hispanic; Metformin; Age group 3 

Others= American-Indians, Asians 

 

3.2.7 Objectives 9 and 10 analyses – MPR logistic regression analyses 

 

Logistic regression was used to address the objectives which were to determine if 

OAD medication adherence - dichotomized as 1) MPR greater or equal to 80 percent and 

2) MPR less than 80 percent - differs by age (continuous and categorical) while 

controlling for covariates (gender, race, class of OAD medication used, and total number 

of other types of medications used). Logistic regression analysis was also used to identify 

covariates that are significantly related to OAD medication adherence while controlling 
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for other covariates. The dependent variable was MPR above or below 80 percent 

(dichotomized), while the independent variable was age.  

Age was initially included in the model as a continuous variable and was 

thereafter included as a categorical variable in the model to determine if different 

statistical conclusions would be reached based on the level of measurement. Covariates 

that were included in the model were all categorical variables except the total number of 

other medications used. The categorical variables include gender, race, and type of OAD 

medication used. For the purpose of analyses, all categorical variables were dummy 

coded (0, 1). To identify problems with multicollinearity among independent variables, 

the Variance Inflation Factor (VIF) test was carried out; no variable was detected to have 

the problem of multicollinearity, as none had a value greater than 2, the cut-off value for 

multicollinearity is 10. 

3.2.7.1 Objective 9 Analysis: Logistic regression analysis of adherence with age as a 

continuous independent variable 

 

Overall, the logistic regression model was statistically significant at X
2 

= 65.65; p < 

0.0001. The results show that age was significantly related to adherence (X
2 

= 19.27; 

OR= 0.91; 95% CI= 0.87, 0.95; p < 0.0001). For each year increase in age, the odds that a 

subject was adherent (MPR >= 80%) decreased by about 9 percent while holding other 

variables constant (see Table 3.15). Among the covariates, gender was significantly 

related to adherence (X
2
 = 4.46; OR= 1.25; 95% CI= 1.02, 1.53; p = 0.0346). The odds 

that a male subject was adherent compared to a female subject increased by 25 percent. 
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Race was also statistically significantly related to adherence (X
2
 = 38.66; p< 0.0001). The 

odds that a white subject was adherent was about 2 times that of a Hispanic subject (X
2
 = 

25.64; OR= 2.02; 95% CI= 1.54, 2.66; p < 0.0001). Likewise, the odds that a subject 

from other races was adherent compared to a Hispanic increased by 92 percent (X
2
= 

21.53; OR= 1.92; 95% CI= 1.46, 2.52; p<0.0001). There was no significant difference in 

adherence (MPR >= 80%) between blacks and Hispanics (X
2
 = 0.72; OR= 1.14; 95% CI= 

0.84, 1.55; p= 0.3966). 

 

Table 3.15 Logistic regression analysis of factors related to medication possession 

ratio >= 80% (Age as a continuous independent variable) 

 

Variable  Walds X
2 

Odds 

Ratio 

95%  CI
1 

P-value 

Age  19.27 0.91 0.87, 0.95 < 0.0001* 

Gender      

Male  4.46 1.25 1.02, 1.53 0.0346* 

Race      

White  25.64 2.02 1.54, 2.66 <0.0001* 

Black  0.72 1.14 0.84, 1.55 0.3966 

Others  21.53 1.91 1.46, 2.52 <0.0001* 

OAD medication type     

Sulfonylureas  2.97 0.50 0.22, 1.08 0.0848 

Thiazolidinediones  0.21 1.13 0.66, 1.94 0.6509 

DPP-4 1.23 2.58 0.48, 13.73 0.2681 

Meglitinides  0.16 0.65 0.08, 5.43 0.6894 

Combination therapy 0.34 1.23 0.62, 2.45 0.5604 

Total non-study 

medications used 

0.01 0.99 0.91, 1.09 0.9050 

1
 Confidence interval 

*Significance at p< 0.05 

Reference groups= Female; Hispanic; Metformin 

Others= American-Indians, Asians 
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3.2.7.2 Objective 10 analysis: Logistic regression analysis of adherence with age as a 

categorical independent variable: 

  

Similar results were obtained when age was included in the model as a categorical 

independent variable (group 1 = 10-12 years; group 2 = 13-15 years; group 3 = 16-18 

years).  The overall significance was reported at X
2 

= 64.00; p < 0.0001.  Subjects in age 

group 1 were 67 percent more likely to be adherent compared to subjects in age group 

3(X
2 

= 14.13; OR= 1.67; 95% CI= 1.28, 2.18; p = 0.0002). Likewise, subjects in age 

group 2 were 57 percent more likely to be adherent compared to subjects in age group 

3(X
2 

= 13.36; OR= 1.57; 95% CI= 1.23, 2.00; p = 0.0003). Male subjects were 25% more 

likely to be adherent compared to female subjects (X
2
 = 4.52; OR= 1.25; 95% CI= 1.02, 

1.53; p = 0.0333). Race was also significantly related to adherence (see Table 3.16). The 

odds that a white subject was adherent was about 2 times that of a Hispanic subject (X
2
 = 

25.69; OR= 2.02; 95% CI= 1.54, 2.66; p< 0.0001). Similarly, the odds were 93 percent 

higher that subjects from other races were adherent compared to a Hispanic subjects (X
2
= 

21.85; OR= 1.93; 95% CI= 1.46, 2.54; p< 0.0001). There was no significant difference 

(X
2
= 0.72; OR=1.14; 95% CI= 0.84, 1.55; p=0.3950) in adherence between blacks and 

Hispanics.  
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Table 3.16 Logistic regression analysis of factors related to medication possession 

ratio >= 80% (Age as a categorical independent variable) 

Variable  Wald’s X
2 

Odds Ratio 95%  CI
1 

P-value 

Age      

Age group 1(10-12 years) 14.13 1.67 1.28, 2.18 0.0002* 

Age group 2 (13-15 years) 13.36 1.57 1.23, 2.00 0.0003* 

Gender      

Male  4.53 1.25 1.02, 1.53 0.0333* 

Race      

White  25.69 2.02 1.54, 2.66 <0.0001* 

Black  0.72 1.14 0.84, 1.55 0.3950 

Others  21.85 1.93 1.46, 2.54 <0.0001* 

OAD medication type     

Sulfonylureas  3.15 0.49 0.22, 1.08 0.0762 

Thiazolidinediones  0.13 1.10 0.65, 1.90 0.7173 

DPP-4 0.94 2.29 0.43, 12.17 0.3326 

Meglitinides  0.16 0.65 0.08, 5.46 0.6941 

Combination therapy 0.35 1.23 0.62,2.46 0.5546 

Total non-study 

medications used 

0.03 1.00 0.91, 1.09 0.8655 

1
= Confidence interval 

*Significant at p< 0.05 

Reference groups= Female; Hispanic; Metformin; Age group 3 (subjects between 16-18 years) 

       Others= American-Indians, Asians
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3.2.8 Objective 11 analysis – Persistence by gender 

 

This objective was to determine the relationship between gender and persistence. 

T-test results showed no significant difference in persistence by gender (See Table 3.17). 

Table 3.17 T-test of persistence by gender 

Gender  N Mean 

Persistence 

SD 95% CI 

Female  2,066 105.69
 

85.84 42.13- 44.44 

Male   1,043 111.72
 

87.33 45.80- 49.14 

Total  3,109 107.71 86.38 108.03, 115.50 
T= -1.83; df = 1; p =0.068   

 

3.2.9 Objective 12 analysis – Persistence by age (categorical) 

 

The twelfth objective was to determine the relationship between age and 

persistence. This was addressed using one-way ANOVA analysis. The ANOVA test 

detected significant differences in mean persistence across age groups (F= 5.53; df =2; p= 

0.004). The mean persistence for age groups 1 (114.41 ± 90.41 days) and 2 (108.97 ± 

87.40 days) were significantly higher than that of age group 3 (101.17 ± 81.52 days). 

There was no difference in mean persistence between age groups 1 and 2 (See Table 

3.18).  
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Table 3.18 ANOVA results of persistence by age 

Age group N Mean 

Persistence 

SD 95% CI 

Group 1  

(10-12 years) 

787 114.41
a 

90.41 108.38, 120.44 

Group 2  

(13-15 years) 

1,273 108.97
a 

87.40 104.23, 113.71 

Group 3  

(16-18 years) 

1,049 101.17
b 

81.52 95.94, 106.39 

Total  3,109 107.71 86.38 108.03, 115.50 

Duncan‟s post-hoc analysis: Unlike letters (a-b) signify significant mean differences 

F=5.53; df =2; p=0.004 

3.2.10 Objective 13 analysis – Persistence by race 

 

This objective focused on determining the relationship between race and 

persistence. An ANOVA test detected significant differences in persistence across race 

(F=5.68; df =3; p= 0.0007). The mean persistence for whites (117.19 ± 92.67 days) was 

significantly higher than that of Hispanics (103.27 ± 83.59 days), while the mean 

persistence for other races (119.25 ± 91.46 days) was also significantly higher than that 

of blacks (107.35 ± 85.91 days) and Hispanics respectively (see Table 3.19). There was 

no difference in mean persistence between: 1) blacks and Hispanics; 2) blacks and 

whites; and 3) whites and others.  
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Table 3.19 ANOVA of persistence by race 

Race  N Mean 

Persistence 

SD 95% CI 

White 403 117.19
ac 

92.67 108.11, 126.26 

Black  435 107.35
bc 

85.91 99.25, 115.44 

Hispanic  1,869 103.27
b 

83.59 99.48, 107.07 

Others  402 119.25
a 

91.46 110.28, 128.21 

Total  3,109 107.71 86.38 108.03, 115.50 
Duncan‟s post-hoc analysis: Unlike letters (a-c) signify significant mean differences 

F=5.68; df =3; p= 0.0007 

Others= American-Indians, Asians 

 

3.2.11 Objectives 14 and 15 analyses – Persistence and age 

 

Multiple regression analysis was used to address the objectives to determine if 

persistence differs by age (continuous and categorical) while controlling for covariates. 

Persistence in days was the dependent variable and was a continuous variable while age 

was the independent variable (used as both continuous and categorical variable). The 

covariates that were controlled for were all categorical variables except the total number 

of other medications used. The categorical variables include gender, race, and type of 

OAD medication used. These variables were dummy coded (0, 1) for analytical purposes.  

The multiple regression analysis was further used to identify covariates that were 

significantly related to persistence while controlling for the others. To ensure the absence 

of multicollinearity among independent variables, the VIF test was also used and the 

absence of multicollinearity was confirmed as no variable had a value as large as the cut-

off value of 10 for multicollinearity. The primary analysis utilized persistence values 
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computed with a 45-day grace period, while sensitivity analyses using 30-day and 60-day 

grace periods were carried out. 

 

3.2.11.1 Objective 14 analysis – Persistence by age (continuous)  

Multiple regression analysis of persistence with age as a continuous independent 

variable 

  

Overall, the multiple regression model was statistically significant (R
2
 = 1.8;  

F= 5.14; p < 0.0001). The model accounted for 1.8 percent of the variance in persistence. 

Age was statistically significant and negatively related to persistence (b= -2.83; t= -4.21; 

p<0.0001) while controlling for covariates. For each year increase in age, persistence 

decreased by 2.8 days while holding other variables constant (See Table 3.20). Among 

the covariates, race (F=6.44; p=0.0002) and type of OAD medication used (F=3.25; 

p=0.0063) were significantly related to persistence. Compared to Hispanics, whites (b= 

15.23; t = 3.23; p= 0.0013) and other races (b=16.62; t = 3.51; p= 0.0004) were more 

persistent. In whites, persistence increased by 15.2 days compared to Hispanics while 

persistence in “other races” increased by 16.6 days compared to Hispanics. There was no 

significant difference in persistence between blacks and Hispanics. Type of OAD 

medication used was also found to be significantly related to persistence as subjects on 

thiazolidinediones (b = 25.85; t = 2.79; p = 0.0054) and combination therapy (b=25.85; t= 

2.41; p=0.0161) were more persistent compared to subjects on metformin.  There was no 
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significant relationship between persistence, gender and the total number of other 

medications used.  

 

Table 3.20 Multiple regression analysis of persistence with age as a continuous 

independent variable 

Variable  B T p-value 

Age  -2.83 -4.21 <0.0001* 

Gender     

Male  5.14 1.57 0.1183 

Race     

White  15.23 3.23 0.0013* 

Black  5.05 1.10 0.2713 

Others  16.62 3.51 0.0004* 

OAD medication 

type 

   

Sulfonylureas  -15.77 -1.69 0.0921 

Thiazolidinediones  25.85 2.79 0.0054* 

DPP-4 10.11 0.31 0.7610 

Meglitinides  25.12 0.82 0.4094 

Combination 

therapy 

25.85 2.41 0.0161* 

Total non-study 

medications used 

-1.35 -1.12 0.2628 

R
2
 = 1.8; F= 5.14; p < 0.0001 

*Significant at p< 0.05 

Reference groups= Female; Hispanic; Metformin 

Others= American-Indians, Asians 
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3.2.11.2 Objective 15 analysis – Persistence by age (categorical) 

Multiple regression analysis with age as a categorical independent variable  

 

When age was considered a categorical independent variable (group 1 = 10-12 

years; group 2 = 13-15 years; group 3 = 16-18 years), the overall regression model was 

also significant (R
2
= 1.6; F= 4.18; p < 0.0001). The model accounted for 1.6 percent of 

the variance in persistence.  As Table 3.21 indicates, compared to subjects in age group 3 

(16-18 years), persistence in subjects in age group 1 (10-12 years) increased by 13.6 days 

while holding other variables constant (b=13.56; t=3.31; p=0.0069), while persistence in 

subjects in the age group 2 increased by 7.9 days (b=7.93; t= 2.20; p= 0.0282) compared 

to the reference group (age group 3).  

Among the covariates, race and type of OAD medication used were significantly 

related to persistence. Compared to Hispanics, whites (b= 15.09; t= 3.19; p= 0.0014) and 

other races (b=16.63; t= 3.61; p= 0.0005) were more persistent. In whites, persistence 

increased by 15.1 days compared to Hispanics while persistence in the other race 

increased by 16.6 days compared to Hispanics, there was no significant difference in 

persistence between blacks and Hispanics. Type of OAD medication used was also found 

to be significantly related to persistence as subjects on thiazolidinediones (b= 23.46; t= 

2.34; p= 0.0069) and combination therapy (b=25.36; t= 2.34; p=0.0192) were more 

persistent compared to subjects on metformin.  There was no significant relationship 

between persistence, gender and the number of other medications used.  
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Table 3.21 Multiple regression analysis of persistence with age as categorical 

independent variable 

Variable  B T p-value 

Age     

Age group 1 

(10-12 years) 

13.56 3.31 0.0069* 

Age group 2  

(13-15 years) 

7.93 2.20 0.0282* 

Gender     

Male  5.43 1.65 0.0991 

Race     

White  15.09 3.19 0.0014* 

Black  5.06 1.10 0.2708 

Others  16.63 3.61 0.0005* 

OAD medication 

type 

   

Sulfonylureas  -17.21 -1.84 0.0660 

Thiazolidinediones  23.46 2.34 0.0069* 

DPP-4 7.21 0.22 0.8244 

Meglitinides  24.30 0.80 0.4255 

Combination 

therapy 

25.36 2.34 0.0192* 

Total non-study 

medications used 

-1.41 -1.17 0.2404 

 
R

2
= 1.6; F= 4.18; p < 0.0001 

*Significant at p< 0.05 

Reference groups= Female; Hispanic; Metformin; Age group 3 

Others= American-Indians, Asians 
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3.2.12 Results of sensitivity analyses 

 

3.2.12.1 Sensitivity analyses results with age as a continuous independent variable 

 

Compared to the primary analysis involving a 45-day grace period in the 

calculation of persistence, sensitivity analysis involving a grace period of 30 days 

produced consistent results.  Although most results obtained with the 60-day grace period 

sensitivity analysis produced results that were consistent with the primary analysis (45-

day grace period), there was no significant difference in mean persistence in subjects on 

combination therapy compared to those on metformin (b=21.123; t=1.94; p=0.0521); this 

is contrary to the significance observed in the primary analysis using the 45-day grace 

period (see Table 3.22).  

Table 3.22 Comparison of differences in results of persistence by grace period with 

age as a continuous variable 

Grace period (days) Variable of interest b t p-value 

        45  

(Primary analysis) 

OAD medication combination therapy 26.09 2.41 0.0159* 

        30 OAD medication combination therapy 25.81 2.70 0.0071* 

        60 OAD medication combination therapy 21.12 1.94 0.0521 
*Significant at p< 0.05; Metformin= reference group 
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3.2.12.1 Sensitivity analyses results with age as a categorical independent variable 

 

 Sensitivity analyses using a 30-day grace period gave similar results with the 

initial 45-day grace period analyses.  The 60-day grace period analysis showed similar 

results with the primary data except that persistence was not significantly different in 

subjects on combination therapy compared to those on metformin (b=20.79; t= 1.91; 

p=0.0562); this is contrary to the significance reported in the primary analysis (see Table 

3.23). 

Table 3.23 Comparison of differences in results of persistence by grace period with 

age as a categorical variable 

Grace period (days) Variable of interest b t p-value 

        45  

(Primary analysis) 

OAD medication combination therapy 25.62 2.37 0.0181* 

        30 OAD medication combination therapy 25.31 2.64 0.0083* 

        60 OAD medication combination therapy 20.79 1.91 0.0562 
*Significant at p< 0.05; Metformin= reference group 
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3.3 SUMMARY OF RESULTS 

 

A summary of the objectives, hypotheses, statistical tests that were run and the 

results of the hypotheses testing are provided in Table 3.24. 
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Table 3.24 Study objectives, hypotheses, statistical tests and conclusions 

Objectives  Hypothesis  Procedure/Statistical 

test 

Conclusion on 

hypothesis 

 

1. To describe OAD medication use in the Texas Medicaid pediatric population. 

 

N/A 

 

Descriptive statistics       

(mean, 
 median, standard 

deviation,  

frequency and 
percentage) 

 

N/A 

 

2. To describe the trend in adherence to OAD medications in the population. 

 

N/A 

 

Descriptive statistics      
(mean,  

median, standard 

deviation, 
 frequency and 

percentage) 

 

N/A 

 
3. To describe the trend in persistence to OAD medications in the population. 

 
N/A 

 
Descriptive statistics      

(mean, 

 median, standard 
deviation,  

frequency and 

percentage) 

 
N/A 

 

4. To determine the relationship between gender and medication adherence. 

 

 

H4a: Males have significantly higher adherence 

than in females 

 

T-test 

 

Not rejected 

 

 
 

 

5. To determine the relationship between age and medication adherence. 
 

 

 
 

 

H5a: Younger subjects have significantly higher 
adherence than in older subjects 

 

 
 

 

ANOVA 

 

 
 

 

Not rejected 

 

 
 

 

6. To determine the relationship between race and medication adherence. 
 

 

 
 

 

H6a: Non-minority  race has significantly higher 
adherence than in the minority race 

 

 
 

 

ANOVA 

 

 
 

 

Not rejected 
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Table 3.24 cont. 
 

7. To determine if OAD medication adherence (continuous) differs by age (continuous), controlling 
for 1) class of OAD medication used 2) gender 3) race and 4) number of other types of medications 

used. The effect of each covariate was also tested holding other variables constant. 

 

H7a. There is a significant and negative 

relationship between adherence and age while 
controlling for covariates 

Multiple regression Not rejected 

 

 

 
 

8. To determine if OAD medication adherence (continuous) differs by age category, controlling for 1) 

class of OAD medication used 2) gender 3) race and 4) number of other types of medications used. 
The effect of each covariate was also tested holding other variables constant. 

 

 

 

 
 

H8a. There is a significant and negative 

relationship between adherence and age 
category while controlling for covariates. 

 

 

 

 
 

Multiple regression 

 

 

 
 

Not rejected 

 
 

 

9.To determine if OAD medication adherence (dichotomized as >= 80 % or < 80%)  differs by age 
(continuous), controlling for 1) class of OAD medication used 2) gender 3) race and 4) number of 

other types of medications used. The effect of each covariate was also tested holding other variables 

constant. 
 

 
 

 

H9a. There is a significant and negative 
relationship between adherence status and age 

while controlling for covariates. 

 
 

 

Logistic regression 

 
 

 

Not rejected 

 

 
 

10. To determine if OAD medication adherence (dichotomized as >= 80 % or < 80%)  differs by age 
category, controlling for 1) class of OAD medication used 2) gender 3) race and 4) number of other 

types of medications used. The effect of each covariate was also tested holding other variables 

constant. 
 

 

 

 
 

H10a. There is a significant and negative 
relationship between adherence  status and age 

category while controlling for covariates 

 

 
 

Logistic regression 

 

 
 

Not rejected 

 
 

 

11. To determine the relationship between gender and medication persistence. 
 

 
 

 

H11a: Males have significantly longer days of 
persistence than in females 

 
 

 

T-test 

 
 

 

Rejected  

 

 
 

12. To determine the relationship between age and medication persistence. 

 

 

 
 

H12a: Younger subjects have significantly 

longer days of persistence than in  older 
subjects 

 

 
 

ANOVA 

 

 
 

Not rejected 
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Table 3.24 cont. 
 

 
13. To determine the relationship between race and medication persistence. 

 

H13a: Non-minority race has significantly longer days 

of persistence than in the minority races 

ANOVA Not 

rejected 

 
 

 

14.To determine if OAD medication persistence (continuous – days until non-persistent)  differs by age 
(continuous), controlling for 1) class of OAD medication used 2) gender 3) race and 4) number of other types of 

medications used. The effect of each covariate was also tested holding other variables constant. 

 

 
 

 

H14a. There is a significant and negative relationship 
between persistence and age while controlling for 

other covariates. 

 
 

 

Multiple 
regression 

 

 
 

 

Not 
rejected 

 

 

 
15.To determine if OAD medication persistence (continuous – days until non-persistent)  differs by age category, 

controlling for 1) class of OAD medication used 2) gender 3) race and 4) number of other types of medications 

used. The effect of each covariate was also tested holding other variables constant. 

 

 

 
H15a. There is a significant and negative relationship 

between persistence and age category while 

controlling for other covariates. 

 

 

 
Multiple 

regression 

 

 

 

 
Not 

rejected 
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CHAPTER 4 

 

         DISCUSSION 

 

This section provides a brief review of the present study. Thereafter, the results 

obtained for the research questions are discussed. 

4.1 REVIEW OF RESEARCH QUESTIONS 

 

Type 2 diabetes remains the 7
th

 leading cause of death in the United States, 

affecting all Americans as a result of its economic implication. Type 2 diabetes is 

commonly regarded as a disease of adulthood. However, as a result of the increase in the 

prevalence of obesity and sedentary lifestyles in children and adolescents, reports of the 

rising prevalence of type 2 diabetes in the pediatric population have become more 

common.
56

 While a number of studies have been carried out on adherence to oral 

antidiabetic medications in the adult population with type 2 diabetes, little is known about 

adherence in the pediatric population presenting with this disease.
28

 However, studies 

suggest that adherence in this population is poor, particularly as they transition into 

adulthood. Adherence to oral antidiabetic medications in the adult population has been 

reported to be low and several factors have been attributed to this. It has been suggested 

that these factors also contribute to poor adherence in the pediatric population. Patient-

related factors such as age, race and gender are believed to affect adherence rates in the 

pediatric population as in adults.
98

 Though reports of adherence based on race and age in 
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the adult population have been inconclusive, it is believed that in pediatric patients, 

minority racial populations are less adherent compared to whites while older patients are 

less adherent compared to younger patients.
22-23, 98

 In addition, medication-related factors, 

such as the complexity of dosage regimen and number of medications used have been 

reported to influence adherence in the adult population.
100

 Little is known about the effect 

of medication-related factors on adherence in the pediatric population.  

Inadequate  adherence to medications in the pediatric population has been 

observed to cut across many disease conditions, especially chronic diseases such as 

asthma, type 1 and type 2 diabetes.
138

 Other factors that have been suggested to 

contribute to poor adherence in the pediatric population include physical, psychological 

and social developmental changes experienced during the developmental phase of 

adolescents, which coincides with their transition from pediatric to adult medical care.
17, 

118
 Despite suggestions of poor adherence to medications in the pediatric population with 

type 2 diabetes, limited research has been conducted to assess adherence rates in this 

population, especially with the use of retrospective databases.
28

 Type 2 diabetes, being a 

chronic disease, has been reported to reduce the life expectancy of its patients by 10 to 15 

years.
2
 Thus, this disease is of special interest in the pediatric population due to their 

vulnerability to the progression of complications which may arise as a result of poor 

adherence to medications and the long duration of disease.
14

 

 Currently, metformin is the only OAD medication approved by the FDA for use 

in the pediatric population; yet, studies have reported the use of other OAD medications 

such as sulfonylureas and thiazolidinediones in this population.
19

 
20

 The present study 
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assessed adherence and persistence to OAD medications in the Texas Medicaid pediatric 

population presenting with type 2 diabetes. In addition, the study examined patterns in 

adherence and persistence across age for this population, while controlling for 

demographic and clinical covariates.  

4.2 OBJECTIVE 1 

 

The purpose of the first objective was to describe medication use patterns among 

the study population. Of 13,435 Texas Medicaid subjects aged 10 to 18 years on OAD 

medications, 3,109 met the study inclusion criteria. The mean age of these subjects was 

14 ± 2.3 years. The majority of subjects belonged to minority racial populations (87%); 

this result is supported by CDC reports of higher rates of type 2 diabetes in minority 

populations compared to non-Hispanic whites.
2
  Females made up 66.5% of the study 

population. The majority of subjects were on metformin (91%); this is not surprising as 

metformin is the only OAD medication that has been approved at this time for use in the 

pediatric population due to its safety and effectiveness.
19, 139

 In addition, about 60% of the 

subjects were not on any other medication apart from their OAD medications. 

4.3 OBJECTIVES 2 & 3 

 

 These objectives focused on assessing the trend in OAD medication adherence 

and persistence by age. The results showed a trend and as expected, both adherence and 

persistence decreased with age; this decrease was observed particularly in subjects on the 

brink of adulthood (subjects between 16 and 18 years). Similarly, Jonasson et al. and 
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McQuaid et al. reported significantly lower adherence rates in older children with asthma 

compared to their younger peers. 
140-141

 

4.4 OBJECTIVES 4, 5 & 6 

Objectives 4, 5 and 6 assessed the relationship between gender, age, race and 

adherence. Overall mean MPR (± SD) was 44.69 (± 27.06) for the study population. 

Although this value is suboptimal, it falls within the adherence range 36 to 93% reported 

by Cramer in adults with type 2 diabetes (adherence was defined as the proportion of 

doses taken as prescribed).
15

 There was a significant difference in adherence by gender as 

males had significantly higher mean MPR values compared to females, a study by Yang 

et al. also reported that female adults on OAD medications were less adherent compared 

to men.
24

  Moreover, adherence differed significantly by age as older subjects had lower 

mean MPR values compared to their younger peers; this is supported by studies that 

reported lower adherence in older subjects in the pediatric population with asthma and 

type 1 diabetes.
140, 142

  The current study also indicated that lower adherence was found to 

be associated with minority races.  McQuiad et al. have also associated lower adherence 

to asthma medications for minority races and older age in a  pediatric population.
140

 

4.5 OBJECTIVES 7, 8, 9 &10 

  

These objectives were to determine if adherence differs by age (continuous and 

categorical) while controlling for covariates. Both multiple and logistic regression 

analyses results suggest that  younger age, male gender, and the white race were 
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consistently associated with better adherence (MPR ≥ 80%).  Older subjects and subjects 

from minority races were less likely to be adherent compared to their younger and white 

peers. Although studies on adherence to OAD medications in the pediatric population are 

rare, this result is supported by previous studies of adherence in pediatric patients with 

asthma and type 1 diabetes.
140

 However, a study involving adults with type 2 diabetes 

reported that patients who were white and older were more likely to adhere to their 

medications compared to their younger, non-white peers.
98

 Sleath et al. also reported 

better adherence in white youths placed on antipsychotic and antidepressant medications 

compared to their black peers when adherence was measured using the proportion of days 

covered.
143

 

Based on multiple regression analysis, the use of sulfonylureas was associated 

with lower adherence, while logistic regression reported no significant difference in 

adherence by the type of OAD medication used. The total number of medications used 

was not significantly associated with adherence. This finding is supported by a study by 

Grant et al. who reported that adherence in adults on OAD medications was not 

associated with the number of medications taken; however, Donnan et al. reported lower 

adherence with an increase in the number of medications taken in adults with type 2 

diabetes. 
22, 100

 

4.6 OBJECTIVES 11, 12, & 13 

  

These three objectives were focused on determining the relationship between age, 

race, gender and persistence to OAD medications. The average number of days to non-
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persistence was 107 days. This value is observed to fall within the persistence range of 83 

to 300 days in adults reported by Cramer.
15

 While there was no difference in persistence 

by gender, younger age and the non-minority status were significantly associated with 

better persistence. However, a study reported better persistence with older age in adults 

on OAD medications.
144

 Another study associated  lower persistence with younger age 

and the female gender in adults treated for type 2 diabetes.
16

 

4.7 OBJECTIVES 14 AND 15 

 

 Multiple regression was used to determine the relationship between age and 

persistence while controlling for covariates. In both analyses (age as categorical and 

continuous variables), younger age and non-minority status were significantly associated 

with better persistence. However, Yeaw et al. associated better persistence with older age 

in adults on oral antidiabetic therapy when a 60-day grace period was considered in the 

calculation of persistence.
144

 Hertz et al. also reported better persistence with older age 

and the male gender among adults.
16

 Compared to metformin, the use of 

thiazolidinediones or combination therapy were significantly associated with better 

persistence; however, Gregoire et al. associated lower persistence with sulfonylureas 

compared to metformin in patients newly placed on either metformin or sulfonylureas, 

this association was not found in this study (where the sample size of patients on 

sulfonylureas was low).
145
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4.8 LIMITATIONS OF PRESENT STUDY 

 

Limitations of the study include: 1) The Texas Medicaid data used for analyses is 

predominantly made up of minority races and subjects with low socioeconomic status. 

This may affect the generalizability of the study conclusions to other populations; 2) The 

use of MPR as a proxy for measuring adherence cannot ascertain that the subject used the 

medications as prescribed; 3) Although most of the relationships hypothesized between 

the variables included in the model were confirmed, the proportion of variances in the 

dependent variables explained by the models were low.  Because a retrospective database 

was used, it was impossible to include other covariates that may have explained a 

significant proportion of variance in the dependent variables such as socioeconomic 

status, literacy level, psychosocial factors, healthcare provider-patient relationship, Body 

Mass Index (BMI) etc.; 4) Finally, prescription claims were used as proxies for disease 

claims rather than ICD-9 codes. Therefore, it is possible that some of the subjects were 

not being treated for type 2 diabetes; some may have been treated for obesity. 

4.9 CONCLUSION AND SUGGESTIONS FOR FUTURE RESEARCH 

 

The results of this study suggest that adherence and persistence are generally low 

in the study population. The study also suggests that age, gender and race are 

significantly associated with adherence. Being younger (10-12 years), male, and white 

were significantly associated with better adherence, while being younger and white were 

significantly associated with higher persistence. Hence, healthcare providers need to 
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intensify efforts to improve adherence in the pediatric population especially those at the 

brink of adulthood. 

Suggestions for future studies include the use of other data sources which could 

include the analyses of other important covariates while using ICD-9 codes to confirm 

type 2 diabetes in the subjects being studied. The availability of HbA1c levels in future 

studies would also help to understand the effect of adherence and persistence on glycemic 

levels in the pediatric population with type 2 diabetes. In conclusion, adherence and 

persistence in the pediatric population are generally low; special attention should be paid 

to the adequate management of type 2 diabetes in this population especially in 

adolescents (with very low adherence and persistence values) who are on the brink of 

transitioning into adulthood. It is also necessary that more studies involving the pediatric 

population are carried out. This is because information on adherence and persistence to 

oral antidiabetic medications in the pediatric population are rare and results obtained 

from the adult population cannot be extrapolated to the pediatric population. While the 

literature reports better adherence with older age in adults, a few studies involving the 

pediatric population have reported the contrary - better adherence with younger age. The 

different conclusions drawn based on these different populations, therefore warrant that 

more studies involving the pediatric population be carried out to strengthen current 

findings on adherence and persistence in the pediatric population.  
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