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Little is known about at-risk youth in terms of hypertension (HTN) treatment. This study
explored the community-based prevalence of pediatric hypertension treatments among
Medicaid-insured youth. We examined clinician-reported diagnoses (CR-DX) and
racial/ethnic disparities in outpatient antihypertensive (AHT) medication use, days of
persistence of AHT use, inpatient hospitalizations, and emergency department (ED)
visits.
A cross-sectional design was used for this study, employing retrospective data from
personal summary, medical, pharmacy, and inpatient administrative claims files for youth
continuously enrolled in 11 states Medicaid programs in the year 2003. Multivariate
logistic regression adjusted for covariates measured prevalence of CR-DX of HTN,
dispensed AHTs, hospitalizations, and ED visits; and Cox proportional-hazards
regression was used to analyze persistence of AHT use by racial/ethnic group.
A total of 7,795,395 youth, < 18 years of age, were eligible for this study. Analysis
included 7,782 youth (0.10%) with > 2 CR-DX of HTN. Primary HTN was 13 times
more common than secondary HTN (80% vs. 6%). African American youth had the
greatest likelihood of diagnosed HTN compared to Caucasian youth (OR=1.27,
p<0.0001). Approximately 46% of youth diagnosed with HTN and 0.32% of youth
without diagnosed HTN had dispensed AHTs. No racial/ethnic disparities in treatment
were observed: African American youth (OR=1.06, p=0.43) and Hispanic youth
(OR=0.96, p=0.59) were as likely as Caucasian youth to be treated with an AHT
medication following diagnosis of HTN. Among youth with diagnosed primary HTN,
persistence on AHT therapy did not differ among racial/ethnic groups. Older youth, aged
10 to 14 years (HR=1.40, p=0.025) and those aged 15 to 17 years (HR=1.45, p=0.011)
had significantly shorter persistence with AHT therapy. Youth eligible for Supplemental
Security Income (SSI), i.e. those with disabilities, had longer persistence on AHT therapy
(HR=0.79; p=0.013) than those in other eligibility groups. African American and
Hispanic youth with HTN were as likely as Caucasian youth to have a hospitalization or
ED utilization at any time.
The findings from this study highlight specific subpopulations (i.e. African American,
disabled, and older youth) needs in HTN treatment that warrant further research, to assure
optimal community-based care.
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Chapter 1- Introduction
1.1

Background of the Problem
Hypertension (HTN) in youth is an increasingly prominent health condition facing

pediatricians today [1, 2]. The prevalence of elevated blood pressure (BP) after first,
second, and third clinical screenings is on the rise particularly among youth in lowincome and minority/ethnic populations [3-7]. The current state of evidence demonstrates
that pediatric hypertension (PedHTN) is not only correlated with a family history of HTN
[8, 9] and increased body mass index (BMI) [5, 10-12], but may also manifest later as
adult HTN [13-18]. Youth are now displaying early markers for cardiovascular disease
including coronary artery disease (CAD) and left ventricular hypertrophy [1, 10, 19-26].
Strategies to manage PedHTN include lifestyle modifications, and when warranted,
pharmacotherapy [1].
Medical decisions to provide appropriate antihypertensive drug therapy (AHT) in
the pediatric population present challenges. First, oral suspension formulations have
limited availability which necessitates by default the use of standard adult formulations
[10, 27-29]. Secondly, pediatric AHT prescribing is usually off-label (i.e., based on data
obtained in the adult population which may not generalize to youth in terms of either
effectiveness or safety) [10, 27-30]. It was not until recently that the federal Best
Pharmaceuticals for Children Act (BPCA) began to stimulate a number of pediatric
clinical trials in an effort to reduce the evidence gaps in this area. The 2002 BPCA was
enacted to ―establish a process for studying on-patent and off-patent drugs for use in
pediatric populations, and to improve pediatric therapeutics through collaboration on
scientific investigation, clinical study design, weight of evidence, and ethical and labeling
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issues‖ [31]. Post-hoc analyses of some AHT trials demonstrate varying results of BP
response to certain classes of antihypertensives by race, particularly when comparing
Black (herein referred to as African-American) children to Caucasian children [32-34].
As a result, the United States Food and Drug Administration (FDA) has mandated
increased enrollment of minority children and adolescents, specifically AfricanAmericans, in trials of antihypertensive medications [10].
While pediatric clinical trial data on AHT medications are beginning to emerge,
additional information is needed. Research on PedHTN with a focus on drug utilization
patterns for AHT in ‗real-world‘ community practice settings would help to characterize
current practice patterns in order to prioritize drug therapy for additional clinical studies,
e.g. pharmacokinetics, clinical trials, and safety studies. Two recent studies have been
published, first, by Cox et al (2008) and the latter, by Liberman et al. (2009) to assess
trends in the prevalence of AHT use among the pediatric population [35, 36]. Cox et al.
used outpatient prescription claims data to assess patterns of prescription drug use for
chronic conditions including antihypertensives in a population of commercially-insured
children aged 5 to 19 years [35]. Liberman et al. also used outpatient prescription claims
among commercially-insured children and adolescents aged 6 to 18 years. The prevalence
of any AHT use were noted as 1.8% for the Cox et al study and 1.5% for the Liberman et
al study. Both studies found that within the AHT therapy class, β-blockers, followed by
ACE-inhibitors, had the highest prevalence of use. Both studies also demonstrated that
across all antihypertensive therapy classes, treatment prevalence increased with age, and
in some cases varied by sex. For example, girls had higher rates of β-blocker use than
boys, whereas boys had higher rates of ACE-inhibitor use than girls across all age group.
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Although those studies provide initial data on AHT medication use in pediatric
community treatment, there are limitations to them. First, both of the study samples are
drawn from a predominately commercially-insured pediatric population; therefore, the
findings do not generalize as an example to lower income children, such as those covered
by Medicaid or by State Children‘s Health Insurance Programs (SCHIP). Secondly, the
studies did not incorporate a linkage between the diagnosis of HTN and AHT medication
use which precluded important adjustments to avoid overestimating the prevalence of
PedHTN medications. For example, antihypertensive medications such as clonidine and
guanfacine are also used for the treatment of attention-deficit hyperactive disorder
(ADHD), but were not excluded in the authors‘ estimate of the prevalence of medications
use for PedHTN. Antihypertensive medications can also be used in the treatment of other
conditions such as heart failure and heart rhythm disturbances in children.
1.2

Statement of the Problem
Little is known about at-risk youth (often represented by minorities), in terms of

HTN treatment. More comprehensive data than the Cox et al. and Liberman et al. studies
are warranted for policy and practice decisions regarding the treatment of PedHTN,
particularly with respect to populations of youth with a high prevalence of HTN (i.e.,
ethnic minorities) [4-7]. Assessing PedHTN in terms of race and ethnicity would provide
information on adherence to treatment regimens, a problem that is associated with race
and ethnicity [37]. For example, studies have shown an increased risk of non-adherence
to prescribed AHT medications among ethnic minorities, particularly African-Americans,
compared to Whites over time [38-40]. However, the studies tend to focus on adherence
in adults and not in the pediatric population. Therefore, little is known about the role of
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race and ethnicity and adherence to AHT medications in the pediatric population. This is
significant because compared to Whites, ethnic minorities tend to have worse outcomes
and need a more aggressive therapeutic approach to reduce the long-term effects of HTNrelated CV outcomes [38-40].
Medicaid databases offer the sample size and access to special populations of
youth to permit research on vulnerable youth such as those in foster care and youth with
disabilities [41-43]. This is critical because the absence of information on race and
ethnicity is a weakness of commercial insurance databases that are used to conduct
pediatric pharmacoepidemiology (PEPI) studies. Federal surveys, such as the National
Ambulatory Medical Care Survey (NAMCS), which include diagnosis and drug data, do
not have adequate sampling for many pediatric surveys, and therefore face sample size
limitations for conducting studies of relatively rare conditions such as PedHTN.
Currently, Medicaid provides medical insurance to more than 37 percent of youth [4143]. Therefore, the data from a Medicaid study would generalize to more than 20 million
youth, representing approximately 25 percent of the U.S. population less than 18 years of
age. Additionally, the large sample size afforded by Medicaid claims data increases
statistical power, and allows for the longitudinal assessment of cohorts.
The present study explores the community-based treatment of PedHTN among
Medicaid-insured youth with clinician-reported diagnoses of HTN and aims to examine
race/ethnicity in terms of medication use and health services utilization patterns. A
review of the literature on community treatment patterns of PedHTN suggests three areas
in need of further research. The first focus is on racial and ethnic disparities in the
community-based treatment of HTN (outpatient prescriptions, inpatient hospitalizations,
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and emergency department (ED) visits) among Medicaid-insured youth. The significance
of this primary focal point is derived from the goals of Healthy People 2010 in which,
despite progress, health disparities for people of lower socioeconomic status and minority
race or ethnicity still persist [44]. Two recent articles published in the New England
Journal of Medicine emphasize the need to target conditions like HTN in racial and
ethnic minorities early on in life to prevent cardiovascular disease [45, 46]. According to
these studies, racial/ethnic minorities, particularly African Americans, continue to exhibit
poor cardiovascular outcomes compared to their white counterparts. To date published
studies that review hospitalization use in children diagnosed with HTN are limited. A
recent unpublished study by Gavin et al. investigated the patterns of hospital stays among
children diagnosed with HTN using the Kids‘ Inpatient Database (KID) [47]. The authors
found that two-thirds of the hospital discharges in 2003 associated with HTN in children
was for primary (essential) HTN (ICD-9-CM 401).
The second area of focus is on community treatment patterns in terms of HTNrelated outpatient prescriptions and rates of ED visits and hospitalizations. These patterns
can be further characterized according socio-demographic, clinical, and administrative
factors such as age, gender, comorbidity burden, geographic region, and Medicaid
eligibility. Medicaid eligibility categories include temporary assistance to needy families
(TANF), state children‘s health insurance plan (SCHIP), supplemental security income
(SSI), and foster care which have widely varying demographic, clinical needs, and
service utilization patterns. Observing antihypertensive medication use and other health
services utilization patterns by Medicaid eligibility category can identify and better
characterize youth in terms of severity of illness.
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Finally, the third area of focus is on the duration of antihypertensive medication
episodes by race/ethnicity. The rationale for this analysis stems from prior work showing
reduced adherence to chronic care among minority youth compared to white youth over
time [37, 48]. A more refined understanding of adherence and persistence with AHT
medication use will support the efforts to improve clinical management and outcome.
1.3

Significance of the Study
The extent of HTN as a public health problem in adults is substantial and this

condition is emerging in the pediatric population at an alarming rate, as has been
occurring with other obesity-related health conditions (e.g. diabetes) [1, 5, 49]. Increasing
knowledge based on population-based health research to promote public awareness about
the existence of PedHTN currently is more important than ever. This study is significant
as it provides novel information to extend the limited literature on the role of racial and
ethnic disparities in the community-based diagnosis and treatment of HTN among
Medicaid enrollees, who include the most vulnerable of US youth today. Medicaid data
are arguably the only source with the level of detail on race/ethnicity and vulnerable
children with greater social deprivation and severe medical conditions. Furthermore this
study provides public health entities and researchers with population-based data from
which hypotheses and questions can be generated for more refined prospective
approaches in large cohort studies or clinical trials.
1.4

Study Aims, Hypotheses, and Research Questions
Although there are insufficient epidemiologic data to characterize the role of race

and ethnicity in the treatment of PedHTN, clinical studies show that African-American
children are more likely to be diagnosed with HTN than white children [6, 10, 32, 50].
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Also, Din-Dzietham et al. found that recent trends in obesity-related hypertension were
more prevalent in African Americans and Mexican Americans than in whites [7].
Moreover, a large body of pediatric health services research document racial and ethnic
disparities in health service utilization among Medicaid-insured youth [37, 48, 51-54].
For example, one study documents that African-American children are less likely to use
outpatient services and have fewer hospital days and fewer surgery-related admissions
than their white counterparts [52]. Little is known about the duration of AHT drug
therapy in the community treatment of PedHTN. Based on a review of the available
published literature, a new study to explore the details of the treatment of HTN
particularly with respect to medications within a very large, regionally diverse Medicaid
population would address this information gap.
The main objective of this study is to provide a more comprehensive analysis of
at-risk youth in terms of HTN treatment, using the Medicaid pediatric population as an
example. This will be accomplished through three specific aims:
Aim 1: To characterize the Medicaid PedHTN population in terms of annual prevalence
of clinician-reported HTN diagnosis and dispensed outpatient AHT medications
in relation to race/ethnicity, gender, age group, comorbidity burden, eligibility
group, managed care plan type, similar state benefit structure, and geographic
region.
Aim 2: To examine racial and ethnic disparities in community treatment of HTN in terms
of clinician-reported HTN diagnosis and health services utilization (i.e. inpatient
hospitalizations, ED visits and dispensed outpatient AHT medication).
Aim 3: To assess persistence with AHT therapy among youth with primary HTN

8

according to race and ethnicity by measuring differences in time to
discontinuation of therapy.
The working hypotheses to be tested are as follows:
H1-

Clinician-reported HTN diagnosis, inpatient hospitalizations, ED visits, and
prevalence of dispensed AHT medications in outpatients differ according to race
and ethnicity. Minority children compared to Caucasian children have a greater
HTN diagnostic prevalence, utilization of inpatient hospitalizations and ED visits,
and lower use of medication.

H2-

Duration of medication episodes differ according to race and ethnicity among the
primary HTN population. Minority children have lower persistence with AHT
medication compared to Caucasian children.
The following research questions for this study will be guided by the above aims:

Question 1: What is the socio-demographic, clinical, and administrative profile of
Medicaid-insured youth diagnosed with HTN?
a) What is the prevalence of clinician-reported HTN diagnosis among Medicaidinsured youth in community practice settings?
b) Who are being hospitalized and visiting the ED?
c) What medications do they receive in outpatient care?
d) How do outpatients differ in


administrative factors (eligibility category and managed care plan type)



clinical factors [HTN type (primary and secondary), comorbid
conditions]?

9

Question 2: Are there racial and ethnic disparities in community treatment among those
youth diagnosed with HTN?
a) Are there differences with respect to

1.5



outpatient HTN diagnosis and comorbidities?



inpatient hospitalizations?



ED visits?



dispensed AHT medication by subclasses?



duration of medication use?

Overview of Dissertation Chapters
In addition to this first introductory chapter (Chapter I), four additional chapters

are included in this dissertation. The second chapter contains a review of the relevant
literature on PedHTN including information from a preliminary study on antihypertensive
medication use and Medicaid-insured youth diagnosed with HTN. The third chapter
consists of a detailed description of the study methodology. The fourth chapter includes
the study results, particularly the sample characteristics and multivariate analyses. The
final chapter provides a discussion of the overall study findings, limitations, and
implications for future research.
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Chapter 2- Literature Review
2.1

Descriptive Epidemiology of Pediatric Hypertension (PedHTN)

2.1.1

Definition of PedHTN
HTN in children is defined as average systolic (SBP) and/or diastolic blood

pressure (DBP) that is ≥ 95thpercentile for gender, age, and height on 3 or more separate
occasions [1, 3]. Average SBP or DBP between the 90th and 95th percentile is defined as
prehypertension (pre-HTN) in children. The current HTN guidelines by the National
Heart, Lung, and Blood Institute (NHLBI), National High Blood Pressure Education
Program (NHBPEP) Working Group on Children and Adolescents states, ―If the BP is
greater than the 95th percentile, BP should be staged [1, 3].‖ Stage I HTN in children is
defined as BP measurements that are between the 95th and 99th percentile plus 5 mmHg
repeated on 2 more occasions. Stage II HTN is defined as BP measurements > 99th
percentile plus 5 mmHg. According to the guidelines, the addition of ‗plus 5 mmHg‘ is
relevant because ―the difference between the 95th and 99th percentile is only 7-10 mmHg
and is not large enough, particularly in view of the variability in BP measurements, to
adequately distinguish mild HTN from more severe HTN [1, 3].‖
2.1.2

Prevalence
The prevalence of community-based diagnosis of PedHTN appears to be

increasing [2, 4, 55]. The development of a nationwide database and reevaluation of data
by the National Health and Nutrition Examination Survey (NHANES) on normative
blood pressure levels throughout childhood have shed light on HTN in the pediatric
population [1]. Based on a summary of the NHANES data, the NHBPEP Working Group
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on Children and Adolescents currently states that approximately 1% to 3% of the
pediatric population less than 18 years old have HTN, and considerable more have preHTN (~15% ) [1, 3-7]. Additional epidemiologic studies have extended these findings,
and have indicated that the prevalence of elevated blood pressure after first, second, and
third screenings may be increasing beyond this range, at least in selected populations (i.e.
low-income, African-American, Hispanic, and overweight/obese) [4-7]. There is concern
that with increasing overweight in the pediatric population, the prevalence of communitybased diagnosis of HTN is likely to rise [10]. Some studies have already documented that
HTN is detectable in over 30% of obese children (BMI > 95th percentile) [5, 56-60]. The
latest guidelines describe HTN and pre-HTN as significant health issues in the young due
to the marked increase in the prevalence of overweight children [1, 3, 5].
2.1.3

Etiology
HTN may be primary (essential) with no underlying cause or it may be secondary

to an underlying disease process [1, 55, 61. Secondary HTN is most common in infants
and younger children [59]. More specifically, HTN in newborns is most often associated
with umbilical artery catheterization and renal artery thrombosis [61]. In early childhood,
secondary HTN may be due to renal disease, coarctation of the aorta, endocrine disorders,
or medications [61]. Table 1 includes additional circumstances in which children < 3
years old may present elevated BP and should have BP measured.
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Table 1. Conditions under Which Children < 3 Years Old Should Have BP Measured
History of prematurity, very low birth weight, or other neonatal complication requiring intensive care
Congenital heart disease (repaired or nonrepaired)
Recurrent urinary tract infections, hematuria, or proteinuria
Known renal disease or urologic malformations
Family history of congenital renal disease
Solid-organ transplant
Malignancy or bone marrow transplant
Treatment with drugs known to raise BP
Other systemic illnesses associated with hypertension (neurofibromatosis, tuberous sclerosis, etc)
Evidence of elevated intracranial pressure
Adapted with permission from National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the diagnosis, evaluation, and treatment
of high blood pressure in children and adolescents. Pediatrics, 114(2):556, Copyright © (2004) by
American Academy of Pediatrics. (see Appendix A)

Primary HTN becomes increasingly common in adolescents than in younger children
[61]. Significant risk factors that may play a role in the development of primary HTN
include family history of HTN, diet, obesity, and insulin resistance [1, 55, 61].
2.1.4

Health and Economic Consequences
In the adult population, cardiovascular morbidities including atherosclerosis,

myocardial infarction, stroke, congestive heart failure, kidney disease, and as well as
death are well-known and represent significant long-term sequelae of HTN [10].
However, the long-term effects of HTN in the pediatric population are less clear and
require further research [10, 55]. The few studies that are available have shown that
cardiovascular disease and other end-organ effects of HTN can begin in childhood. For
example, using the concept of BP tracking, the Muscatine and Framingham studies have
demonstrated that HTN in childhood may continue into adulthood [62, 63]. Beyond
chronic functional impairments in adult life, economic costs may be great. According to
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the American Heart Association, the estimated cost associated with HTN in the adult
population is $73.4 billion of the total costs associated with cardiovascular diseases
(475.3 billion) projected for 2009 [62, 63]. This figure includes $54.2 billion in direct
medical expenses [hospital and nursing home services, physicians and other
professionals, medications, and home health care and medical durables] and $19.2
billion in indirect costs [lost productivity resulting from morbidity and mortality] [64,
65]. The estimated cost of HTN in comparison to other conditions/diseases associated
with cardiovascular diseases is shown in Figure 1.
Figure 1. Estimated Direct and Indirect Costs (in Billions of Dollars) of Major Cardiovascular
Diseases and Stroke: Unites States, 2009

Adapted from the American Heart Association. Heart Disease and Stroke
Statistics – 2009 Update. Dallas, Texas: American Heart Association; 2009.
©2009, American Heart Association.

Unfortunately, to date, data assessing the economic burden associated with HTN
specifically in the pediatric population is scarce. Population data from research such as
this study could shed light on the economic costs of this condition in the pediatric
population.
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2.2

Treatment and Management Guidelines for PedHTN

2.2.1

United States
The management of pediatric HTN is directed at reducing BP below the 95th

percentile for age [1, 55, 61, 66]. Pediatric guidelines in the United States recommend
nonpharmacologic and/or pharmacologic approaches in treating pediatric HTN based on
the age of the child, stage of HTN, and response to treatment [1, 61]. For children and
adolescents with primary HTN, a nonpharmacologic approach is recommended that
includes lifestyle changes [1]. These include promoting weight loss (particularly in
overweight children with HTN); increasing physical activity, and dietary changes [1, 61].
When nonpharmacologic management is not effective or there is insufficient reduction in
BP after a watchful waiting period of time (period which the doctor observes the
symptoms or condition without using medical treatment), pharmacologic therapy is
considered. Pharmacologic therapy may be initiated in many children with secondary
HTN and for selected children or adolescents with primary HTN displaying BP readings
consistently above the 99th percentile [61]. Pharmacotherapy includes some drugs
currently used to treat HTN in adults. An algorithm for the management of pediatric
HTN is provided in Figure 2.
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Figure 2. Management Algorithm for Childhood Hypertension

Adapted with permission from National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the diagnosis, evaluation, and treatment
of high blood pressure in children and adolescents. Pediatrics, 114(2):571, Copyright © (2004) by
American Academy of Pediatrics. (see Appendix A)

The authors of the Fourth Report from the NHBPEP Working Group on Children
and Adolescents recommend that children older than 3 years should be screened for
hypertension; therefore have their blood pressure measured at least once during every
healthcare visit [1]. Although the U.S. Preventive Services Task Force (USPSTF) did not
find sufficient evidence to support screening children [67, 68], many professional
organizations such as the American Academy of Pediatrics (AAP), the American Heart
Association (AHA), and the American Medical Association (AMA) recommend that
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children aged 3 years and older who are seen in medical care settings should have their
blood pressure measured at least once during every healthcare occurrence [69].
2.2.1.1 Analytic Framework for Pediatric BP Screening
HTN in the pediatric population is an ongoing concern. In providing routine BP
pressure screening and adhering to the guidelines in the Fourth Report, pediatricians have
the potential to reduce the risks of hypertensive disease and improve cardiovascular
outcomes [1, 3]. To date, unlike for adults, there is no analytic framework for BP
screening in children and adolescents. The health needs of children and adolescents with
HTN differ from those of adults. The USPSTF has recently developed an analytic
framework that is specific to the needs of child and adolescent health topics and that
considers developmental pathways and trends [70] (Figure 3).
Application of this framework for HTN as a health topic is a start to addressing
the many potential obstacles to successful HTN care in the pediatric population. Some of
these obstacles include ongoing questions relating to treatment patterns in the pediatric
population including the role of race and ethnicity; use of other health services (i.e.
hospitalizations and ED visits); which children should be treated; which drugs should be
used; and adherence to and persistence with ATH therapy. This dissertation attempts to
address some of these questions.

Adapted from the USPSTF: Focus on Children & Adolescents. U.S. Preventive Services Task Force. July 2009. Agency for
Healthcare Research and Quality, Rockville, MD. http://www.ahrq.gov/clinic/tfchfocus.htm

Figure 3. USPSTF Analytic Framework for Child and Adolescent Health Topics
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2.2.2

Other Nations
The first-ever PedHTN guidelines has been released for Europe in August 2009

[71, 72]. The comprehensive guidelines for the treatment and management of HTN in
children and adolescents have been prepared by a Task Force established by the
European Society of Hypertension (ESH). The guidelines are similar to the US PedHTN
guidelines in that treatment to goal BP is directed at normal BP <90th percentile
according to age, sex, and height for children younger than 18 years old. The ESH
guidelines also provide similar strategies for diagnosing and treating HTN in the pediatric
population. They include: diagnostic evaluation, preventative measures, screening for
secondary forms of HTN, treatment of associated risk factors, and therapeutic strategies
and approaches under special conditions. The Task Force emphasize that the guidelines
were made largely on the basis of expert opinion because there have not been many
randomized trials addressing the management of HTN in the pediatric population. In
addition, the Task Force acknowledges the following:
―In the definition and classification of hypertension, because of the large amount
of data available, the 2004 US national guidelines on hypertension in children and
adolescents remain "the study of reference." However, the data of the US Task
Force do not refer to a European population and that at all ages, blood pressure
values are several millimeters of mercury lower than those measured by the same
auscultatory method in several European studies [72].‖
PedHTN guidelines from other countries have either not been established, use the
US PedHTN guidelines as reference (i.e. Canada) [73], or provide little information on
PedHTN management within adult guidelines (i.e. South Africa) [74]. For example, the
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latest South Africa hypertension guidelines are mainly for adults, but a table is included
that allows healthcare workers to identify cases at risk for the pediatric population [74].
2.3

Evidence for Effectiveness of Treatment

2.3.1

Pharmacotherapy
Acceptable AHT drug classes for use in children include angiotensin-converting

enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), β adrenergic blockers
(β-blockers), calcium channel blockers (CCBs), and diuretics [1, 3, 27, 61, 75].
Legislative initiatives have made an effort to increase AHT drug trials for children. The
results of many, but not all, of the clinical trials of antihypertensive medications in
children have resulted in publications in peer-reviewed scientific journals [27]. Simonetti
and colleagues [76] conducted a systematic review of all available AHT clinical trial data
specific to describing the effect on BP in children. Among 27 studies retained for
analysis, the weighted average non-placebo-corrected BP reduction, as noted SBP/DBP
in mmHg, was 10.7 (range 7.4-16.2)/8.1 (range 9.0-12.0) mmHg with ACEIs, 11.8 (range
8.3-17.0)/10.7 (range 9.0-12.0) mmHg with ARBs, 10.5 (range 7.9-18.8)/6.9 (range 4.311.0) mmHg with CCBs, and 9.3/7.2 mmHg with β-blockers combined with diuretics
[76]. The influence of the different classes of AHT drugs on BP response was
statistically significant (p <0.01).
There are very few studies that provide evidence for the effect of AHT drug
treatment beyond ‗controlled‘ conditions in the pediatric population [1, 27, 55]. The
consequence is an incomplete picture of the usefulness of AHT treatment in hypertensive
children under ‗real-world‘ routine clinical care. Silverstein et al. [77] conducted a
retrospective analysis of 158 children (45 with primary HTN and 113 with secondary
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HTN), aged 1-month to 21 years, referred to an outpatient clinic between 1997 and 2004
for evaluation of high BP and who were eventually treated for HTN. All children were
treated to achieve goal BP below the 95th percentile. Among all patients, AHT induced a
decrease in SBP from 142±1.2 to 126.1±1.3 mmHg (p<0.0001) and a decrease in DBP
from 83.3±1.1 to 72.9±0.9 mmHg (p<0.0001). Among patients with primary HTN,
treatment with CCBs induced a significant decrease in SBP response (p=0.0004), but
DBP response remained unchanged (p=0.09). Both SBP (p=0.0002) and DBP (p=0.004)
displayed a significant decrease with ACEIs. Among patients with secondary HTN,
treatment with CCBs induced a significant reduction in SBP and DBP (p=0.0001 and
p=0.003) and treatment with ACEIs also displayed a significant reduction (p<0.0001and
p <0.0001, respectively).
One study attempts to address issues related to long-term treatment with an
antihypertensive drug, amlodipine (a CCB), in 33 hypertensive children [78]. All
patients achieved goal blood pressure with amlopidine monotherapy from time of initial
drug exposure to final assessment of BP response to drug. Reduction of SBP in all
patients was 126±13 to 118±15 mmHg; DBP was 77±13 to 66±13 mmHg. Blood
pressure reductions in response to therapy did not reach statistical significance, most
likely because of the small sample size of patients.
While a short-term study may demonstrate that an antihypertensive drug lowers
BP in children, sufficient evaluation of safety and tolerability requires a much longer
period of drug exposure. Research is limited regarding differences in the metabolism and
adverse effect profiles of AHT drugs in hypertensive children versus in adults and the
long-term effects of the medications on the growth and development of these children [1,
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27, 55]. It remains controversial whether BP alone or the specific benefits of certain
antihypertensive drugs contribute to the reduction of CVD risks in hypertensive children
[1, 27, 55, 75].
2.3.1.1 Persistence and Adherence to Antihypertensive Therapy
There are no studies that document evidence regarding persistence and adherence
to antihypertensive medications within the pediatric population. According to Gardiner
and Dvorkin [79] and Costello et al. [80], ―With the advances in medical therapeutics
during the past two decades, it seems reasonable that nonadherence studies or research on
effectiveness strategies in children would flourish… On the contrary, literature
concerning interventions to improve medication adherence remains surprisingly weak.‖
Pediatricians need better information than what is currently available to feel confident
about the effectiveness of specific AHT drugs or classes of AHT drugs. This is relevant
because persistence with drug selection and increased adherence has the potential to
improve treatment outcomes [81]. This is an area in which further research is warranted
in the pediatric population. This dissertation makes a novel approach to explore
persistence with AHT in children and adolescents as one of the aims.
2.4

Preliminary Studies
The following preliminary study provides an initial overview about clinician

reported diagnosis for HTN and dispensed AHT medications among a Medicaid pediatric
population. The overall findings of the study include a higher proportion of youth
diagnosed with primary HTN than secondary HTN and a higher proportion of youth with
secondary HTN dispensed AHT medications compared to youth with primary HTN.
Furthermore, among minorities, a higher proportion of African-American youth with
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clinician-reported diagnosis of HTN; and among age group, a higher proportion of youth
in the 15-17 years category with both clinician-reported diagnosis of HTN and dispensed
AHT medications. The findings provide relevant information on the prevalence of
outpatient diagnosis for HTN and prescription medication use in the Medicaid pediatric
population. The findings also confirm that HTN is a health issue among at-risk youth
(who tend to be minorities) in the Medicaid population. The next step is to further define
who are the youth diagnosed with HTN in the Medicaid population. Further research can
be done to examine differences in diagnosis, treatment, and management of HTN by age,
gender, race/ethnicity, Medicaid eligibility group, geographic location, health services
utilization (i.e. hospitalizations and ER visits), and persistence with AHT medication use.
This research effort goes towards improving the evaluation and treatment of HTN in
general pediatric practice. With a better understanding of who are the youth with HTN in
the Medicaid population, practitioners, researchers, and policy makers may be able to
take steps towards the optimization of care for these patients and subsequently minimize
cardiovascular risk.
The National Institute of Child Health and Human Development (NICHD) in
collaboration with Westat, Inc. and the Pharmaceutical Health Services Research
Department of the University of Maryland Baltimore (UMB) conducted a preliminary
analysis of the 2000-2001 Medicaid data from 7 states (~ 3 million youth) to assess the
frequency and percentage of youth with community-based HTN diagnosis and dispensed
antihypertensive medications [82]. The socio-demographic profile of the number and
percentage of children aged birth through 17 years with an ICD-9-CM diagnosis of HTN
(primary and secondary) was analyzed by total population, gender, age-group, and
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race/ethnicity (Table 2). The number and percentage of these youth with dispensed
antihypertensive medication within 90 days following a diagnosis of primary or
secondary HTN was analyzed similarly (Table 3).

Preliminary results demonstrate that among the 3.18 million youth investigated,
the proportion of youth with an ICD-9-CM diagnosis of primary HTN was 5 times more
common than for secondary HTN (0.11% vs. 0.02%). The proportion of males diagnosed
with primary HTN was higher than females (56.8% vs. 43.2%). As expected, a linear
increase in the proportion of youth diagnosed with primary HTN was seen with age
(12.5%, 0-4 years; 22.6%, 5-11 years; 27.5%, 12-14 years; and 40.2%, aged 15-17 years).
Compared to whites (46.7%), Black/African-American children diagnosed with primary
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HTN appear to have the next highest percentage of diagnosed primary HTN (35.0%)
among race and ethnic minority group with a prevalence of clinician-reported HTN. The
proportion of male youth with a diagnosis of secondary HTN was higher than females
(58.1% vs. 41.9%). The 5-11 year olds had a prevalence of diagnosed secondary HTN
(30.4%) that was higher than other age groups. Among racial/ethnic minorities, the
prevalence of secondary HTN diagnosis was higher in African Americans (35.6%).
Clinician-reported diagnosis of primary and secondary HTN was most frequent for white
youth.

Table 3 shows that the proportion of youth with dispensed antihypertensive
medications during the study years 2000 and 2001 was about 1.7 times higher for youth
with a diagnosis of secondary HTN (47.5%) compared to youth with primary HTN
(28.6%), although the data were not adjusted for the large difference in medication use by
gender and age group. Similar to the diagnosis of primary and secondary HTN, males
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(57.3% and 56.1%, respectively) had a higher prevalence of medication use compared to
females (42.7% and 43.9%, respectively). Regardless of HTN diagnosis, youth in the 1517 years age group had a higher prevalence of medication use compared to all other age
group.
In summary, the preliminary study provides an estimate of the proportion of
Medicaid-insured youth diagnosed with primary or secondary HTN as well as identifying
the specific drug entities used in community practice to treat HTN in the outpatient
setting. Although a diagnosis of primary HTN tends to be more prevalent than a
diagnosis of secondary HTN, those with secondary HTN diagnosis have a greater
prevalence of AHT medication use than children diagnosed with primary HTN, although
not adjusting for age group, gender, or race/ethnicity. There could be a number of reasons
to explain if these results are similar to adjusted data. Perhaps children with a diagnosis
of secondary HTN may have greater severity of symptoms and more uncontrolled HTN
than children diagnosed with primary HTN. In addition, knowing the underlying cause
(comorbidities) associated with secondary HTN may provide more certainty in knowing
how treatments are decided. The findings of linearity with age group among the pediatric
population suggest that HTN along with its related drug therapy may continue into
adulthood, thus adding to the public health burden of HTN in the adult population.
Support for this position is found in the Nelson Textbook of Pediatrics, ―blood pressure
increases gradually with age‖ [61]. Overall, if adjusted data are not similar to the
unadjusted results, the study still provides new information on measurements of and
adjustments for potential confounders for youth with HTN in the Medicaid population.
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The study will still add to the deficits in the current knowledge about PedHTN as well as
to the future direction for research in the area.
More detailed analyses than this preliminary study is needed to further elucidate
HTN practice patterns among Medicaid-insured youth. With additional data files from a
later year, several advantages exist including more timely data and recent information.
More detailed analysis can be presented based on an increased sample size beyond 3
million youth. Analyses can be expanded to examine racial or ethnic disparities in
selected Medicaid service areas (e.g. hospitalizations and ED visits) to shed light on
severity of illness. Information on Medicaid services areas including AHT medication use
and comorbid conditions are available as proxy measures for severity of illness.
Explorations across eligibility categories can be examined. The need for current
information for more states is advantageous to explore geographic variation. The
currency of treatment is another advantage. Youth with HTN can be characterized in
terms of their persistence with antihypertensive therapy (i.e. measured by duration of
medication use as examined by persistence curves).
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Chapter 3- Methodology
3.1

Study Design
This study used a retrospective design, employing cross-sectional data from

personal summary (PS), prescription drugs (RX), other therapies (OT), and inpatient (IP)
files of administrative claims data for youth enrolled in 11 state Medicaid programs in the
year 2003. The individual records of these youth in the 11 state Medicaid programs were
considered as the unit of analysis. The states included were geographically diverse and
grouped by region as follows: Northeast region (New York and Pennsylvania); Midwest
region (Illinois and Wisconsin); South region (West Virginia, Virginia, Georgia and
Texas); and West region (Arizona, California, and Oregon).
A key advantage of using a cross-sectional design for this study is in obtaining
generalizable population results with initial relationships between outcomes (i.e. HTN
diagnosis, persistence with AHT medication therapy) and social-demographic, clinical,
and other factors. Cross-sectional studies are conducted over short-periods of time and
therefore provide immediate information. The information obtained may provide
important directions for further research using cohort and case-control studies; and for
public health needs assessment.
3.2

Data Source
Data for the study were extracted from computerized medical and pharmacy

claims for the year 2003 as found in the Medicaid Analytic eXtract (MAX) data files
supplied by the Centers for Medicare and Medicaid Services (CMS). MAX files were
developed to support research and policy analysis on Medicaid populations [83].
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Medicaid provides coverage for more than 20 million children [41-43], representing
approximately 25 percent of the U.S. population less than 18 years of age.
Medicaid data overrepresent certain vulnerable populations. For example, there
are substantially greater proportions of persons with social deprivation (i.e., foster care)
and with serious medical conditions (i.e., disabled youth) [37, 41, 42]. Stratification by
Medicaid eligibility categories can shed light on subgroups according to severity of
medical need. Medicaid eligibility groups include: Temporary Assistance to Needy
Families (TANF); State Children Health Insurance Program (SCHIP); foster care (FC);
and Supplemental Security Income (SSI). TANF and SCHIP represent youth who are
needier for health care services. TANF includes youth from limited income families that
require cash assistance for food, shelter, utilities and expenses other than medical. SCHIP
represent ―targeted‖ low-income youth meeting the Federal Poverty Level (FPL), but
whose family income exceeds Medicaid eligibility thresholds and are without private
health insurance. Foster care and SSI represent youth who have documented special
needs (i.e. social, medical, or developmental disabilities). Medicaid includes disabled
children who qualify for Supplemental Security Income (SSI).
Medicaid data offer advantages over other secondary or primary data sources for
the examination of race/ethnicity variation in community treatment patterns for PedHTN.
Race and ethnicity can be studied in the Medicaid-insured population whereas no
race/ethnicity data are available in commercial insurance claims records. Medicaid data
reflect herein ―real-world‖ community practice setting and are not limited to data from
controlled-settings (i.e. clinical trials) [84] which can be subject to volunteer bias and
small samples.

29

3.3

Study Population
Approximately 7.8 million youth from the selected states were eligible for this

study, based on the inclusion criteria of being less than 18 years of age as of January 1,
2003 and continuously enrolled in a state Medicaid program during 2003 for ten or more
months. This condition is necessary for complete data that ensures utilization of services
in this cohort, for example in calculating the percentage of children with a dispensed
antihypertensive (AHT) medication following a diagnosis of HTN. The probability of
being dispensed an AHT medication increases with length of time of enrollment.
3.4

Study Period
The study period included the most recent calendar year for which data were

available for 11 state Medicaid programs. Data for the year 2003 were used. Inpatient
hospitalization records included visits made from January 1, 2003 through December 31,
2003. Prescription drug records included all medications dispensed from January 1, 2003
through December 31, 2003. The date of the first prescription within the first 6-months of
the calendar year for any of the antihypertensive medications was defined as the index
date. Data for individual patients were analyzed in the 6 month period (180 days)
following the index date; allowing for equal follow-up time in measuring persistence with
therapy.
3.5

Definition for Medical Conditions and Medications
The International Classification of Diseases, Ninth Revision, Clinical

Modification [ICD-9-CM] codes in Medicaid medical claims were used to identify HTNrelated health services utilization as a proxy for a diagnosis of HTN. The HTN codes
included:
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Primary HTN: 401.xx [primary HTN]



Secondary HTN: 402.xx [hypertensive heart disease], 403.xx [hypertensive renal
disease], 404.xx [hypertensive heart and renal disease], or 405.xx [secondary
HTN]
The National Drug Codes (NDC) in pharmacy claims was used to identify

dispensed antihypertensive medications. The American Hospital Formulary Service
(AHFS) therapeutic classification system was used to group the medications of interest
within AHT subclasses. Current guidelines regarding antihypertensive drugs by subclass
for outpatient management of HTN in children 1-17 years old [1] were used as a
reference.
Acceptable AHT medication subclasses included the following:

3.6



α-blockers (AB)



β-blockers (BB)



Ca+-channel blockers (CCB)



ACE-inhibitors (ACE)



Angiotensin II receptor blockers (ARB)



Aldosterone receptor antagonists (ARA)



α-agonists (AA)



Vasodilators (VD)



Diuretics (DR)
Study Variables and Measures
A complete description of both the independent and dependent variables that were

used in this study is presented in Table 4. The primary independent variable of interest
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was race/ethnicity. Other covariates of interest consisted of other socio-demographic and
administrative factors that include gender, age group, Medicaid eligibility category,
managed care plan type (fee-for-service (FFS) , risk-based capitation, other), geographic
region, state Medicaid benefit structure, and comorbidity burden. Comorbidity burden
was quantified using the coding algorithm from the Elixhauser Comorbidity Index (ECI)
[85-86]. The ECI is a validated measurement tool that defines 30 comorbid conditions
using ICD-9-CM codes and is designed for large administrative data sets (e.g. Medicaid
data set used for this study). Binary-coded variables indicating the presence or absence of
comorbid conditions among youth diagnosed with/without HTN were created.
Hypertension comorbidities were excluded from the list of co-existing medical conditions
because of the disease population being studied. States with similar benefit structure on
the aggregate level for prescription drug and physician and inpatient services were
grouped from most restrictive to least restrictive in terms of copayment requirements and
coverage limitations. The least restrictive group (New York, West Virginia, and Illinois)
were grouped together on terms of similar prevalence of HTN that ranged from 0.9% to
1.1% because they did not conform to the other state groupings.
The primary dependent variable of interest was pediatric hypertension (PedHTN)
diagnosis. There is recognition that information on diagnosis in Medicaid files is based
on provider report and the completeness of data and accuracy of diagnosis warrant
caution [84]. To enhance validity, a diagnostic criterion of > 2 clinician-reported
diagnoses of HTN was used for this study [84]. Other outcome variables included
inpatient hospitalizations, emergency department (ED) visits, and AHT medication
subclasses. The annual inpatient hospitalization rate, annual AHT medication prevalence,
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and duration of an AHT treatment episode (persistence) were measured. Utilization of
health care services was measured by the percentage of youth with HTN who had at least
1 claim for an inpatient visit, ED visit, physician office visit, or other outpatient visit at
any time during the study period. Place of service codes on the medical claims were used
to identify the type of health service provided. These outcome variables were stratified by
primary and/or secondary HTN and by race/ethnicity.
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Table 4. Independent and Dependent Variable Definitions
Variable Name

Variable Type

Measure

Dependent Variable:
HTN Diagnosis

Dichotomous

0-No
1-Yes

Dependent Variable:
Antihypertensive Medication

Dichotomous

0-No
1-Yes

Dependent Variable:
Inpatient Hospitalization

Dichotomous

0-No
1-Yes

Dependent Variable:
ED Visit

Dichotomous

0-No
1-Yes

Dependent Variable:
Persistence

Continuous

Range of values from 0 to 1

Independent Variable:
Race/Ethnicity

Categorical

0-Caucasian
1-African American
2-Hispanic
3-Other

Independent Variable:
Age Group

Categorical

0-0 to 4 years
1-5 to 9
2-10 to 14
3-15 to 17

Independent Variable:
Gender

Dichotomous

Independent Variable:
Managed Care Plan Type

Categorical

Independent Variable:
Elixhauser Comorbidity

Dichotomous

Independent Variable:
Medicaid Benefit Structure

Categorical

0-(GA, PA, VA, WI)
1-(CA, OR)
2-(AZ, TX)
3-(NY,WV,IL)

Independent Variable:
Geographic Region

Categorical

0-West
1-Northeast
2-South
3-Midwest

Independent Variable:
Medicaid Eligibility

Categorical

0-TANF
1-SSI
2-Other

0-Male
1-Female
0-Fee-for-Service
1-Risk-based Capitation
2-Other
0- Absence
1- Presence
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3.6.1

Measurement of Medication Persistence
Medication persistence is defined as ―the duration of time from initiation to

discontinuation of therapy [87-90].‖ By definition, persistence was reported as a
continuous variable for this study in terms of the number of days for which a patient
diagnosed with primary HTN remained on AHT therapy. Patients diagnosed with
secondary HTN were excluded from the persistence analysis. This exclusion was based
on the assumption that the continuous use of certain AHT medications among those
diagnosed with secondary HTN might indicate treatment of a disease other than HTN
(alone), e.g. cardiac arrhythmias, heart failure, and migraine.
Medication persistence was measured as a function of gaps between prescription
refills and evaluated across multiple refill intervals. It is important to note that persistence
with AHT therapy was measured and examined initially at the individual subclass level
and then as an aggregated measure. There needed to be at least one filling of an AHT
medication (i.e., index prescription fill and one or more refills) demonstrated on
prescription drug claims. A ―permissible gap‖, defined as the maximum number of days
allowed between refills before being considered not persistent [87] was 15 days. The
―permissible gap‖ calculation allows for other factors that may occur with the patient in
not refilling medication exactly as prescribed (i.e. taking medication ―as needed‖, impact
of hospitalizations, or toleration of side effects). Persistence to AHT therapy in the
PedHTN population has not been studied in ‗real-life‘ community practice settings.
Therefore, there is no established ‗permissible gap‘ in this population. The 15-day
allowance employed in this study was based on a few considerations: 1) the general
characteristics of the population under study, 2) HTN as a chronic condition requiring
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continuous therapy, 3) pharmacological properties of AHT drugs, and 4) insights from a
clinical expert in pediatric cardiology (personal communication from Dr. Peter Gaskin,
University of Maryland Medical Center, Division of Pediatric Cardiology, February 10,
2010).
3.7

Statistical Analysis
Exploratory data analysis (EDA), employing graphical and quantitative

techniques, was used initially to examine all key variables in this study to gain insight on
the structural pattern of the data. Frequencies (number and percentage) were used to
characterize the distribution of categorical dichotomous data values. In a few cases,
categorical measures were regrouped to avoid small cell sizes (i.e. specific race
categories, Medicaid eligibility groups and Medicaid managed care plan types).
Univariate analysis was used to determine the distribution of continuous variables using
measures of central tendency (i.e. the mean, median, and standard deviation). Scatter
plots, probability plots (p plots), quantile-quantile plots (q-q plots), and histograms were
used to determine the characteristics of the empirical distribution, including the evidence
for normality of residuals. Normality of residuals were examined for skewness (i.e. > 0
would indicate right skewness, ~0 normal skewness, and < 0 would indicate left
skewness) and kurtosis value within range ±3 and presence of outliers. Nonparametric
tests for normality of residuals were also conducted using the Kolmogorov-Smirnov (KS) test for equality of continuous one-dimensional probability distributions and the
Anderson-Darling test, a more robust test than the K-S test. The Anderson-Darling test if
a sample of data comes from a specific distribution. It is a modification of the
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Kolmogorov-Smirnov (K-S) test and gives more weight to the tails of the distribution
than does the K-S test.
3.7.1

Specific Aim 1: To characterize the Medicaid PedHTN population in terms of
annual prevalence of clinician-reported HTN diagnosis and dispensed outpatient
AHT medications in relation to race/ethnicity, gender, age group, comorbidity
burden, eligibility group, managed care plan type, similar state benefit structure,
and geographic region.
Descriptive statistics were presented as frequency counts (percentage) for the

above categorical dichotomous variables identified in Aim 1 above. The number and
percentage of youth diagnosed with HTN were stratified by all covariates. The annual
percent prevalence of use, adjusted prevalence ratios, and 95% confidence intervals for
antihypertensive medication use were calculated, stratifying by HTN type. The Pearson
chi-square test was used to test for significant associations between the outcome variables
and dichotomous or categorical independent variables. This statistic in Chi-square
significance test was used to establish statistical significance to the extent that the
relationship is strong, the sample size is large and the number of values of the two
associated variables is also large [91]. Fisher‘s exact test was used for tables where cells
included numbers less than 5. For all analyses, an a priori 2-sided level of significance
was set at the 0.05 level. All statistical analyses and modeling were performed using SAS
statistical software version 9.2 (SAS Institute, Cary, NC).
3.7.2

Specific Aim 2: To examine racial and ethnic disparities in community treatment
of HTN in terms of clinician-reported HTN diagnosis and health services
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utilization (i.e. inpatient hospitalizations, ED visits and dispensed outpatient AHT
medication).
Logistic regression analysis was used to estimate four models: the likelihood of
clinician-reported diagnosis of HTN and by type (model 1), and AHT medication
dispensing (model 2), inpatient hospitalization (model 3), or ED visit (model 4)
comparing African American, Hispanic, and Other HTN-diagnosed youth to Caucasian
youth diagnosed with HTN. Regression models controlled for the potential confounding
of socio-demographic and clinical factors. The binary regression model was specified as
follows:
Log odds [Outcome] = β0 + β1Race + βnXn + ε
Where: Log odds:

natural log of the odds for an individual being in one category vs.
another

Outcome:

binary variable indicating whether youth have a clinician-reported
diagnosis of HTN and by type; or youth with HTN have a health
services utilization outcome (AHT medication dispensing,
hospitalization, ED visit)

Race:
Xn:

ε:

a set of dummy indicators for race/ethnicity groups
a set of potential confounding factors: gender, age group,
comorbidity burden, Medicaid eligibility, managed care plan type,
and similar state Medicaid benefit structure
the error, residual associated with each observation (white noise).

3.7.2.1 Model Fit Assessment and Identification of Functional Form
Logistic regression analysis is a common technique for modeling binary
dependent variables. In this study, the dependent variables are binary logistic regression
overcomes many of the restrictive assumptions (i.e. linearity, normality, and
homoscedasticity) of linear regression models that are based on ordinary least squares
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(OLS) estimation [91, 92]. However, some other maintained and testable assumptions of
model fit and functional form still apply and were addressed in this study.
Neither over fitting nor under fitting the model should occur. Therefore only
meaningful variables were included in the model. In order to ensure model fit, a stepwise
approach was used to estimate the logistic regression equation. Covariates were tested for
potential confounding and added to the model for adjustment when necessary. Model
covariates were chosen to represent factors that were associated with the likelihood of
health services utilization and with varied racial/ethnic groups. The Hosmer and
Lemeshow chi-square test (X2HL) was used to test for the overall model fit. Large values
of X2HL (and small p-values < 0.05) indicated a lack of fit of the model. If a poor model fit
was related to insufficient power due to small cell sizes, categories of independent
variables were combined. The presence of small or empty cells may cause the logistic
model to become unstable, resulting in large b coefficients and odds ratios for
independent variables [91, 92].
Although binary logistic regression does not require linear relationships between
the independent variable or covariates and the dependent variable, it does assume a linear
relationship between the independent variables and the log odds of the dependent variable
[91, 92]. Otherwise, the logistic regression underestimates the strength of the
relationship between the independent variables and dependent variable, resulting in Type
II errors (failing to reject a null hypothesis when it is false). Errors in functional form can
result in biased coefficient estimates and poor model fit. The likelihood ratio test was
used for testing the linearity (in log odds) assumption: null hypothesis of no linear effect.
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The p-values associated with the likelihood ratio test were reported for all logistic
regression models.
3.7.2.2 Interpretation of Logistic Regression
Unadjusted and adjusted odds ratios of the probability of health services
utilization among youth with HTN were reported for this study. If the significance value
of the Wald chi-square statistic is < .05, then the beta coefficient (β1) associated with X1 is
statistically significant. The estimate, β1, would be interpreted as the estimated increase in
the log odds of health services utilization per unit increase in the value of X1, adjusted for
all other variables in the model.
3.7.3

Specific Aim 3: To assess persistence with AHT therapy among youth with
primary HTN according to race and ethnicity by measuring differences in time to
discontinuation of therapy.

A Cox proportional-hazards regression model (Cox PH) was used to assess the
relative effects of antihypertensive medications and confounder factors on the rate ratio
of persistence, i.e. the length of time between initiation and discontinuation of therapy;
comparing African American, Hispanic, and Other HTN-diagnosed youth to Caucasian
youth diagnosed with HTN. The model uses the same independent variables as in specific
aim 2. The method of partial likelihood is used to estimate the model parameters. The
partial likelihood is valid when there are no ties in the data set, meaning no two subjects
have the same event time [93]. The Cox PH model that describes the relationship to be
studied is specified as follows:
Log h(t) = β0 + β1Race + β2Covariates + β3 Race*Covariates + ε
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Where:

Log h(t):

Race:
Covariates:

natural log of the hazard (i.e. probability of discontinuation of
AHT medication) for an individual in time t +1, given persistence
to time t
a set of dummy indicators for race/ethnicity groups
a set of potential confounding factors: gender, age group,
comorbidity burden, eligibility group, managed care plan type, and
similar state Medicaid benefit structure

Race*Covariates:

a set of interaction effects of two combined independent variables
on the outcome variable

ε:

the error, residual associated with each observation (white noise).

3.7.3.1 Model Building
A censor variable was created to indicate whether youth had an episode of
discontinued AHT therapy (censor=1 indicates discontinuation and censor=0 otherwise).
A time variable was also created and measured as days to discontinuation of therapy.
Covariate selection for the final model were based on the following: 1) statistical
significance at the bivariate level (p <0.05) of the persistence measure at 180 days of
follow-up; 2) unadjusted Cox regression analyses of the time and censor variable in
relation to dummy variables for race/ethnicity and other patient characteristics explored
for statistical significance (p < 0.05); and 3) variables not significant but known through
prior research to be a very important factor to include in the model. The final model of
main effects was further explored with interactions of the primary independent variable
of interest, race, and each covariate all in the model. The interaction effects were tested
jointly using the likelihood ratio test. The focus was on the additive effects of X1 on the
dependent variable independent of X2 and vice versa. The Wald chi-square test was used
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to test the combined effects of the interactions on the dependent variable. Interaction
terms were insignificant and were not left in the final model.
3.7.3.2 Assessment of Proportional Hazards Assumption
The Cox PH model does not impose a distributional assumption on the shape of
the hazard function in relation to time [92]. The Cox PH model specification assumes that
hazard ratios are constant over time. In this case, the model assumes that hazard rates for
discontinuation of AHT therapy are proportional between racial/ethnic groups over time.
After the final model of significant and relevant explanatory variables was created, it was
necessary to validate the proportional hazards assumption. Time-dependent covariates
were included in the final model to tests for proportionality using interactions of
predictors with log time. The log-rank test was used to test the interactions between
race/ethnicity variables and time. All interaction terms were insignificant and therefore
there was no need to accommodate an alternative approach that relaxes the proportional
hazards assumption (e.g., stratified proportional hazards model that allows for a different
baseline hazard in different groups but the effect of the covariates is assumed to be the
same or incorporating interactions between covariates and time into the model) [92-94].
Testing the proportional hazards assumption was also done graphically using plots
of Schoenfelds residuals to detect possible departures from the proportional hazards
assumption [92-94]. Schoenfeld residuals provided a separate residual for each covariate
for each individual instead of a single residual for each individual [93]. The plot test was
viewed for diverging or converging hazards to determine if the covariate of interest failed
the assumption of proportional hazards. Violation of the proportional-hazards assumption
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would lead to an overestimate (for diverging hazards) or underestimate (converging
hazards) of the risk for that covariate [93].
3.7.3.3 Model Fit Assessment and Identification of Functional Form
The Cox PH model assumes a log-linear relationship between the hazard function
and the covariates. Therefore, it is important to determine whether a fitted Cox PH
regression model adequately describes the data. Diagnostics for influential data and for
nonlinearity in the relationship between the log hazard and the covariates were done. A
linear assumption test was conducted to examine misspecification of the functional form
in the parametric part of the Cox PH model. The Martingale and deviance residuals were
plotted against covariates to detect nonlinearity. The Martingale and deviance residuals
were used to look for outliers and assist with covariate selection and assessing model fit.
There appeared to be no violation of linearity (i.e. the regression line when residuals are
predicted by the covariate does not have a slope and intercept of 0) and therefore
transformation of covariates in order to achieve an acceptable functional form was not
needed.
3.7.3.4 Interpretation of Cox PH Regression
If the p-value associated with the Wald test statistic is < .05, then the beta
coefficient (β1) associated with X1 is statistically significant. In this case as an example,
race (i.e. being of African American, Hispanic or other race/ethnicity compared to
Caucasian race) would be considered a statistically significant predictor of
discontinuation of AHT medication therapy. The estimated coefficient, β1, would
represent the estimated increase in the log hazard of discontinuation of AHT medication
therapy per unit increase in the value of X1, adjusted for all other variables in the model.
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For dummy variables in the model with values of 1 and 0 (e.g. gender), the risk ratio was
interpreted as the ratio of the estimated hazard for those with a value of 1 compared to the
estimated hazard for those with a value of 0 (controlling for other covariates). For
quantitative covariates, 1.0 was subtracted from the risk ratio and multiplied by 100 to
provide an estimated percent change in the hazard for each one-unit increase in the
covariate [93].
3.7.3.5 Adjusted Persistence Curves
A stepwise procedure was incorporated in the Cox regression model to select
statistically significant covariates. The covariates were included in the baseline statement
of the PROC PHREG SAS procedure used for Cox regression modeling to create an
output dataset containing adjusted survival estimates. Two additional SAS procedures,
PROC LIFETEST and PROC GPLOT were used to create adjusted survival curves based
on the statistically significant covariates from the Cox regression model as described in
specific aim 3. Differences in the survival curves between racial/ethnic groups were
compared using the Wilcoxon and log-rank tests. The log-rank test places higher weight
on the differences in the curves at larger time values than the Wilcoxon test [93].
3.7.4

Sensitivity Analysis
Sensitivity analysis was used to explore what happens to the output of a statistical

model under varying scenarios. The scenarios included the following: varying AHT
medications prescribed within 30, 60, and 90 days after a HTN diagnosis; allowing a 7day vs. 30-day ‗permissible gap‘ in AHT therapy; varying follow-up time to
discontinuation of therapy at 60 and 120 days; and separate analysis on the proportion of
youth with no claims for HTN-related care, but with dispensed AHT medications
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compared to youth with HTN and dispended AHT medications. These scenarios were
examined to see if differences occurred in certain model parameters (i.e. race, age,
gender) by using a chi-square test for significant differences.
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Chapter 4- Results
In this section, all results from the previously described analyses are presented.

4.1

Eligible Population
There were a total of 13,441,306 youth aged 0 to 17 years as of January 1, 2003

eligible for this study. Based on analysis of 11 state Medicaid person summary files,
approximately 58 percent (N=7,795,395) of the eligible youth had 10 or more months of
continuous enrollment in 2003 and this cohort was used as the analytic sample for this
study (Figure 4).

Figure 4. Flow Chart of Study Sample Selection

2003 record count with no
duplicate patient ID numbers
(n = 14,507,205)

If subject is aged birth to
17 years

Excluded 1,065,899 children greater
than17 years old as of 1/1/2003

Eligible children
(n = 13,441,306)
If subject with >10 months
of continuous enrollment
Analytic sample
(n = 7,795,395)

Excluded 5,645,911 children with less than
10 months of enrollment
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4.2

Sample Characteristics
General characteristics of the study population of 7,795,395 youth are shown in

Table 5. The majority of youth were enrolled in California State Medicaid (35.07%) and
fewer youth enrolled in Oregon State Medicaid (0.36%). Most youth were geographically
located in the West (40.04%). Males and females were equally represented among the
study population with 40.24% of Hispanic race or ethnicity and mean (standard
deviation) age of 7.3 years (SD=5.24). Preschoolers (0 to 4 years) and school-aged
youth (5 to 9 years) comprised of 64.16 % of the population. Most youth (89.35%) were
eligible for Medicaid by temporary assistance to needy families (TANF) and enrolled in a
managed care risk-based capitation plan type (50.93%). Similar state Medicaid benefit
structure (Figure 5) in which all prescription drug, physician services, and inpatient
services were most restrictive was shared by Georgia, Pennsylvania, Virginia, and
Wisconsin and included 14.32% of youth. In terms of health services utilization: 61.17%
of youth had physician services, 4.66% inpatient utilization, and 22.44% emergency
department (ED) utilization at any time during the 1-year study period.
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Table 5. General Characteristics of the Medicaid Pediatric Study Population, 2003 (N=7,795,395)
General Characteristics
State
Arizona
California
Georgia
Illinois
New York
Oregon
Pennsylvania
Texas
Virginia
Wisconsin
West Virginia
Geographic Region
West (AZ, CA, OR)
Midwest (IL, WI)
South (WV, VA, GA, TX)
Northeast (NY, PA)
Gender
Female
Male
Age, mean (SD)
Age Group
0 to 4 years
5 to 9 years
10 to 14 years
15 to 17 years
Race/Ethnicity
Caucasian
African American
Hispanic
Other
Health Services Utilization
Physician Services
Inpatient Hospital
Emergency Department
Medicaid Eligibility
TANF
SSI
Other
Managed Care Plan Type
Fee-for-Service
Risk-based Capitation
Other
Similar State Medicaid Benefit Structure
1- (GA, PA, VA, WI)
2- (CA, OR)
3- (AZ, TX)
4- (NY, WV, IL)

n

%

359,512
2,733,766
615,102
746,983
1,300,366
28,016
137,816
1,386,531
84,619
278,859
123,825

4.61
35.07
7.89
9.58
16.68
0.36
1.77
17.79
1.09
3.58
1.59

3,121,294
1,025,842
2,210,077
1,438,182

40.04
13.16
28.35
18.45

3,852,329
3,943,066

49.42
50.58

7.27

5.24

2,909,933
2,091,797
1,865,590
928,075

37.33
26.83
23.93
11.91

2,203,965
1,700,749
3,136,915
753,766

28.27
21.82
40.24
9.67

4,768,068
363,215
1,749,424

61.17
4.66
22.44

6,965,365
412,146
61,730

89.35
5.29
0.79

2,767,935
3,969,822
1,057,638

35.51
50.93
13.56

1,116,396
2,761,782
1,746,043
2,171,174

14.32
35.43
22.40
27.85

Source: Kaiser Permanente, Medicaid Benefits: Online Database Available at: http://medicaidbenefits.kff.org/

Note: States grouped according to most restrictive to least restrictive benefit structure across all three service types as follows:
Group 1-Georgia, Pennsylvania, Virginia, Wisconsin
Group 2-California, Oregon
Group 3- Arizona, Texas
Group 4- New York, West Virginia, Illinois (all share similar prevalence of hypertension among youth, range 1.0-1.1%)

Abbreviation: Y=Yes; N=No

CN- Categorically Needy: Individuals that fall within the mandatory coverage groups (SSI, TANF, Foster Care, Pregnant women and children with
family income below specified levels); MN- Medically Needy: Individuals who do not meet the financial standards to qualify them for program
benefits through a mandatory coverage group but may qualify by ―spending down‖ – incurring medical bills that reduce their excess income and/or
resources to qualifying levels

a

State
Arizona
California
Georgia
Illinois
New York
Oregon
Pennsylvania
Texas
Virginia
Wisconsin
West Virginia

Algorithm- Comparison of State Benefit Structure by Service Type (2003)
Service Type
Prescription Drug
Physician Services
Inpatient Services
Benefit Copayment Coverage Benefit Copayment Coverage Benefit Copayment Coverage Populationa
Offered Required Limitation Offered Required Limitation Offered Required Limitation Covered
Y
N
N
Y
Y
N
Y
N
N
CN, MN
Y
Y
Y
Y
Y
Y
Y
N
Y
CN, MN
Y
Y
Y
Y
Y
Y
Y
Y
Y
CN, MN
Y
Y
N
Y
Y
Y
Y
Y
Y
CN, MN
Y
Y
Y
Y
N
Y
Y
Y
N
CN, MN
Y
Y
Y
Y
Y
Y
Y
N
Y
CN, MN
Y
Y
Y
Y
Y
Y
Y
Y
Y
CN, MN
Y
N
N
Y
N
N
Y
N
Y
CN, MN
Y
Y
Y
Y
Y
Y
Y
Y
Y
CN, MN
Y
Y
Y
Y
Y
Y
Y
Y
Y
CN, MN
Y
Y
Y
Y
N
N
Y
N
N
CN, MN

Figure 5. Aggregate Comparison of State Benefit Structure by Service Type (Prescription Drug, Physician Services, and Inpatient Services)
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4.3

Clinician-reported Diagnosis of Hypertension
The prevalence of clinician-reported diagnosis (CR-DX) of hypertension (HTN)

by selected patient characteristics is given in Table 6 and further information by HTN
type is provided in Table 7. The prevalence of CR-DX of HTN within the 12-month
study period in this population was 0.26% (N=19,943 youth). To enhance validity, only
youth with > 2 clinician-reported diagnoses of HTN, 39% (N=7,782), were selected for
further study. In this cohort, the prevalence of CR-DX of HTN was more common
among males than females and increased by more than 7-fold across age group [i.e. from
0.04% (N=1,115) in the 0 to 4 year old age group to 0.31% (N=2,919) in the 15 to 17
year old age group]. Among minority youth, the prevalence of CR-DX of HTN was
similar and more common in African American youth (0.13%) and youth of other
race/ethnicity (0.14%) and lowest in Hispanic youth (0.07%). In addition, 70% of youth
(N=5,489) had comorbid conditions in which chronic pulmonary disease (N=1,562)
followed by obesity (N=1,350) were the most common. Appendix B provides the
frequency of Elixhauser comorbidities by HTN status.
Youth eligible for Supplemental Security Income (SSI), i.e. those with disabilities
had the greatest HTN diagnostic prevalence (0.52%) among the Medicaid eligibility
group. Youth eligible for temporary assistance to needy families (TANF), those from
low-income families had the lowest prevalence (0.07%). The lowest prevalence of CRDX of HTN was found among youth enrolled in a risk-based capitation plan type (0.06%)
followed by youth enrolled in a fee-for-service (managed care) plan type (0.13%). The
prevalence of CR-DX of HTN was more common in youth belonging to grouped states
[Georgia, Pennsylvania, Virginia, and Wisconsin] with the most restrictive Medicaid
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benefit structure. Among the geographic regions, the prevalence of CR-DX of HTN was
similar for the Midwest (0.10%), South (0.12%), and Northeast (0.11%), while the West
was considerably lower at 0.08%.
4.3.1

Primary and Secondary Hypertension
The diagnosis of primary HTN (N=6,191) was 13 times more common than for

secondary HTN (N=464). A higher percentage of primary HTN diagnosis was observed
in male youth with HTN and secondary HTN diagnosis in female youth with HTN.
Primary HTN diagnoses among youth with HTN increased by age group from 70.3% in 0
to 4 year olds to 84.4% in 15 to 17 year olds. The same pattern for primary HTN
diagnosis and age group was not seen for secondary HTN diagnosis and age group. The
diagnosis of secondary HTN was similar and greater in the 0 to 4 year old age group
(8.3%) and 5 to 9 year old age group (8.7%) with HTN. By contrast, the diagnosis of
secondary HTN was fewer in the 10 to 14 year old age group (5.5%) and 15 to 17 year
old age group (4.5%) with HTN. Primary HTN diagnosis was most frequent among
African American youth with HTN, but secondary HTN diagnosis was the least frequent
among this racial/ethnic group. Youth of other race/ethnicity were more likely to have
secondary HTN diagnosis among minority youth. The diagnosis of primary HTN was
82.0% in Caucasian youth with HTN; 82.3% in African American youth, 77.7% in
Hispanic youth, and 72.1% in youth of other race and ethnicity. The diagnosis of
secondary HTN was less: 5.4% in Caucasian youth with HTN; 4.6% in African American
youth, 6.5% in Hispanic youth, and 8.9% in youth of other race and ethnicity. Comorbid
conditions were greater among youth with secondary HTN than primary HTN (83.84%
versus 67.28%).
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The percentage of primary HTN diagnosis was lowest in youth with SSI
eligibility while the percentage of secondary HTN diagnosis was more common in this
same eligibility group. The lowest percentage of primary HTN diagnoses only and
highest percentage of secondary HTN diagnoses only was among youth with FFS
(manage care) plan type (76.8% and 7.0%, respectively). Youth with HTN belonging to
grouped states [Georgia, Pennsylvania, Virginia, and Wisconsin] with the most restrictive
Medicaid benefit structure had the highest percentage of primary HTN diagnosis. Primary
HTN diagnosis was highest among youth with HTN in the South (82.4%) and lowest in
the Midwest (75.6%) while secondary HTN diagnosis was the highest among youth with
HTN in the West (7.8%) and lowest and similar in the South (4.9%) and Northeast
(5.0%).
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4.4

Dispensed Antihypertensive Medications

4.4.1

Youth with Clinician-reported Diagnosis of Hypertension
Table 8 provides the number and percentage of youth with and without HTN

diagnoses that were dispensed AHT medications at any time by selected patient
characteristics and Table 9 provides further information by HTN type. Appendix C
provides information for subclass of AHT medications by HTN status. Among 7, 782
youth with a clinician-reported diagnosis of HTN, approximately 46% were dispensed
AHT medications [N=3,588]. Dispensed AHT medications were more common among
females (47.2%) than males (45.4%) and lowest in the 0 to 4 year old age group (35.0%),
but highest in the 10 to 14 year old age group (45.2%). Among racial/ethnic groups,
dispensed AHTs were less common in Hispanic youth (42.3%), but similar and more
common among Caucasian youth (48.3%) and youth of other race and ethnicity (48.4%).
Dispensed AHTs was 46.4% in African American youth with HTN. There was a
difference in the proportion of youth with HTN and with and without dispensed AHT
medications among racial/ethnic group (p=0.0002). Approximately 50% of youth with
HTN and dispensed AHTs had comorbid conditions; a greater proportion for chronic
pulmonary disease (20.71%), followed by renal disease (16.97%) and obesity (16.92%).
Appendix D provides the frequency of Elixhauser comorbidities by HTN status and
dispensed AHT medications.
Dispensed AHT medications was more than 60% in youth with HTN and SSI
eligibility and about 40% in youth with HTN and TANF eligibility. Dispensed AHTs was
less apparent in youth with risk-based capitation plan types (37.4%), but the same and
more apparent among youth with fee-for-service (FFS) or other managed care plan type
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(50.2% for both). The highest percentage of dispensed AHT medications was among
youth with HTN in the South (51.5%) while youth with HTN in the Northeast was
considerably lower (39.5%).
4.4.1.1 Primary and Secondary Hypertension Diagnosis
The dispensing of AHT medications among youth with secondary HTN diagnosis
was 1.5 times more common than for youth with primary HTN diagnosis (60% vs. 40%)
(Table 9). Dispensed AHT medications were similar among males and females with
primary HTN (40.4% vs. 40.9%), but varied among youth with secondary HTN (57.5%
vs. 64.5%, respectively). The percentage of dispensed AHT medications among youth
with primary HTN increased by age group (from 27.8% in 0 to 4 year olds to 47.8% in 15
to 17 year olds). The same pattern of linearity was seen among youth with secondary
HTN. Dispensed AHT medications were greater and increased from 38.7% in 0 to 4 year
olds to 68.7% in 15 to 17 year olds with secondary HTN. Not surprisingly, comorbid
conditions were more common in youth with secondary HTN and dispensed AHTs
(88.26%) than youth with primary HTN and dispensed AHTs (72.35%).
Among eligibility group, dispensed AHTs were more common for youth with
primary HTN or secondary HTN and SSI eligibility. More than 70% of youth with
secondary HTN and SSI eligibility (N=156) had dispensed AHTs while 50% of youth
with TANF eligibility (N=107) had dispensed AHTs. More than 50% of youth with
primary HTN and SSI eligibility (N=780) had dispensed AHTs while 36% of youth with
TANF eligibility (N=1,532) had dispensed AHTs. Dispensed AHTs were less common
Dispensed AHTs was lowest among youth with primary HTN and in risk-based
capitation (managed care) plan type (32.2%), but 2 times more common among youth
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with secondary HTN in FFS (managed care) plan type (66.7%). Dispensed AHTs were
more common among youth with primary HTN or secondary HTN belonging in grouped
states [Georgia, Pennsylvania, Virginia, and Wisconsin] with the most restrictive
Medicaid benefit structure. In addition, dispensed AHT medications were highest in
youth with primary HTN in the South (48.9%) and among youth with secondary HTN in
the Northeast (65.9%).
4.4.2

Youth with No Clinician-reported Diagnosis of Hypertension
Approximately 0.32% of youth without HTN diagnosis had dispensed AHT

medications at anytime during the 1 year study period [N=25,172 (excluding youth with
AHT dispensing only for clonidine and gaunfacine for diagnosed attention deficit
hyperactivity disorder)] (Table 8). Appendix E provides further information without the
exclusion. Dispensed AHT medications were equal among males and females with a
higher percentage among the 15 to 17 year old age group (0.8%), but the lowest and same
percentage in the 0 to 4 year old (0.2%) and 5 to 9 year old age group (0.2%). Similar
percentages of dispensed AHTs were seen among racial/ethnic groups: 0.4% in
Caucasian youth (N=9,183), 0.3% in African American youth (N=4,536), 0.3% in
Hispanic youth (N=7,726), and 0.5% in youth of other race/ethnicity (N=3,727).
Approximately 55% of youth (N=13,936) had comorbid conditions: greatest proportion
of youth with chronic pulmonary disease (17.50%) followed by cardiac arrhythmias
(10.41%) and valvular disease (9.41%) (Appendix D).
Among eligibility group, dispensed AHTs were most apparent in youth with SSI
eligibility; 2% compared to 0.2% in youth eligible for TANF. Dispensed AHTs were
lowest among youth with risk-based capitation (managed care) plan types and highest
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among youth and more common among youth in grouped states [Georgia, Pennsylvania,
Virginia, and Wisconsin] with the most restrictive Medicaid benefit structure. Dispensed
AHTs were similar among geographic region; 0.3% in the West, 0.4% in Midwest, 0.4%
in South, and 0.3% in Northeast.
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Table 9. Frequency (n, %a) of Dispensed Antihypertensive Medications among Youth with Primary
or Secondary Hypertension Diagnosis According to Selected Patient Characteristics, Medicaid
Pediatric Population, 2003
Primary HTNb

Characteristicc

Any Dispensed
AHT Medications
N=2,514
per
100 Youthc
n
%

Secondary HTN
Any Dispensed
AHT Medications
N=281
n

%

Gender
Female
1,008 40.10
40.9
131
46.62
Male
1,506 59.90
40.4
150
53.38
Age Group
0 to 4 years
218
8.67
27.8
36
12.81
5 to 9 years
260 10.34
34.4
56
19.93
10 to 14 years
859 34.17
39.3
99
35.23
15 to 17 years
1,177 46.82
47.8
90
32.03
Race/Ethnicity
Caucasian
875 34.81
44.3
81
28.83
African American
743 29.55
42.1
55
19.57
Hispanic
601 23.91
35.4
89
31.67
Other
295 11.73
39.3
56
19.93
Elixhauser Comorbidity
None
695 27.65
34.3
33
11.74
>1
1,819 72.35
43.7
248
88.26
Medicaid Eligibility
TANF
1,532 60.94
36.4
107
38.08
SSI
780 31.03
54.6
156
55.52
Other
202
8.04
36.7
18
6.41
Managed care plan type
Fee-for-Service
1,224 48.69
43.1
172
61.21
Risk-based Capitation
647 25.74
32.2
64
22.78
Other
643 25.58
47.9
45
16.01
Similar State Medicaid
Benefit Structure
1- (GA, PA, VA, WI)
622 24.74
46.5
58
20.64
2- (CA, OR)
651 25.89
38.1
113
40.21
3- (AZ, TX)
560 22.28
44.8
40
14.23
4- (NY, WV, IL)
681 27.09
35.9
70
24.91
Geographic Region
West (AZ, CA, OR)
730 29.04
36.5
122
43.42
Midwest (IL, WI)
317 12.61
40.5
29
10.32
South (WV, VA, GA, TX)
1,054 41.93
48.9
78
27.76
Northeast (NY, PA)
413 16.43
32.9
52
18.51
a
Column % unless indicated otherwise
b
Abbreviation HTN for hypertension; AHT for antihypertensive
c
Denominators for youth with primary or secondary hypertension located in Table 8

per
100 Youthc
64.5
57.5
38.7
60.9
66.9
68.7
61.8
56.1
62.7
60.2
44.0
63.8
50.7
73.9
42.9
66.7
49.6
58.4

68.2
64.2
48.8
57.9
61.0
51.8
60.5
65.9
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4.4.3

Dispensed Antihypertensives Medications by Subclass
4.4.3.1 Post Hypertension Diagnosis
The proportion of youth with > 2 clinician-reported diagnosis of HTN (N=7,782)

with dispensed AHT medications by subclass at any time and within 30, 60, and 90 days
after a HTN claim is shown in Table 10. Approximately 18% of youth with HTN
(N=1,413) had at least one AHT medication dispensed within 30 days after a HTN claim.
Most youth within 30 days were dispensed angiotensin-converting enzyme inhibitors
(ACEs, n=609) followed by calcium-channel blockers (CCBs, n=604) and diuretics
(DRs, n=419). Less than 1% of youth with HTN within 30 days were dispensed the
following AHT medications by subclass: alpha-adrenergic blockers (AB, 0.36%);
aldosterone receptor antagonists (ARAs, 0.42%), and direct vasodilators (DVs, 0.98%).
There was a linear increase from 18% to 23% in the proportion of youth with any
dispensed AHT medications from 30 days to 90 days. The most dispensed AHT
medication at any time during the study period and among youth with diagnosed HTN
was ACEs (17.15%) followed by CCBs (16.32%).
4.4.3.2 According to Race and/or Ethnicity
Dispensed AHT medications by subclass among racial/ethnic groups are provided
in Table 11 and further information by HTN type is shown in Table 12 and Table 13.
Among youth with > 2 clinician-reported diagnosis of HTN and by race/ethnicity,
dispensed CCBs (32.07%) and DRs (30.12%) were most common for African youth. By
contrast, ACEs and DVs dispensing were highest for Hispanic youth. The dispensing of
ARAs (40.77%), beta-adrenergic blockers (BBs, 42.27%), and central alpha-agonists
(CAAs, 41.15%) were most apparent for Caucasian youth. Dispensed DVs were
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considerably lower among Caucasian youth (14.46%). African American youth with
primary HTN diagnosis were more likely than any other race/ethnicity group to be
dispensed CCBs (35.18%), DVs (33.33%), and DRs (36.22%). The dispensing of ACEs
(33.17%) and DVs (36.14%) were most frequent among Hispanic youth with primary
HTN. There was no dispensing for ARAs and alpha-adrenergic blockers (ABs) by
racial/ethnic groups diagnosed with secondary HTN. CAAs were most frequently
dispensed among African American youth diagnosed with secondary HTN while CCBs
and DRs were most frequently dispensed among Hispanic youth diagnosed with
secondary HTN.
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4.5
Other Health Services Utilization among Youth Diagnosed with
Hypertension- A General Overview
Inpatient hospitalizations at any time during the study period among youth with >
2 clinician-reported diagnoses of HTN by selected characteristics are described in Table
14 and for emergency department visits in Table 15. Among youth with > 2 clinicianreported diagnosis of HTN (N=7782), approximately 30% (N=2358) had inpatient
hospitalizations and 45% (N=3534) had emergency department utilization. Utilization for
both types of services was more common in females than males and highest in the 0 to 4
year old age group. Among racial/ethnic groups, there was no difference in the
proportion of youth with ED utilization and no ED utilization (p=0.0552). The percentage
of inpatient hospitalization was similar for African American youth (29.60%) and
Hispanic youth (29.34%). ED utilization was more common and similar in African
American youth (46.55%) and Caucasian youth (46.48%).
Hospitalizations in youth eligible for SSI (49.91%) were more than twice the
hospitalizations in youth eligible for TANF (22.00%). ED utilization was considerably
higher at 60% in youth eligible for SSI compared to 39% in youth eligible for TANF.
Hospitalizations and ED utilization were least frequent in youth with risk-based
capitation (managed care) plan types (18.64% and 29.11%, respectively).
The top primary diagnosis among youth with HTN and inpatient hospital
utilization (excluding newborns) was chronic kidney disease followed by unspecified
essential HTN and kidney replaced transplant (Appendix F for ranking of primary
diagnosis). The top primary diagnosis among youth with HTN and emergency
department utilization (excluding newborns) was unspecified essential HTN, chronic
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kidney disease followed by benign essential HTN (Appendix G for ranking of primary
diagnosis).
Table 14. Inpatient Hospitalizations at Any Time among Youth with > 2 Clinician reported
Diagnoses of Hypertension and Selected Characteristics, Medicaid Pediatric Population, 2003
Inpatient Hospitalizationa
Total
(N=7,782)

Yes (N=2,358)

No (N=5,424)

p-value
n
%
Characteristic
n
%b
Gender
Female
3,143
1,077 34.27 2,066 65.73
<0.0001
Male
4,639
1,281 27.61 3,358 72.39
Age Group
0 to 4 years
1,115
601 53.90
514
46.10
5 to 9 years
1,057
364 34.44
693
65.56 <0.0001
10 to 14 years
2,691
639 23.75 2,052
76.25
15 to 17 years
2,919
754 25.83 2,165
74.17
Race/Ethnicity
Caucasian
2,408
667 27.70 1,741
72.30
African American
2,145
635 29.60 1,510
70.40 <0.0001
Hispanic
2,188
642 29.34 1,546
70.66
Other
1,041
414 39.77
627
60.23
Elixhauser Comorbidity
None
2,293
256 11.16 2,037
88.84 <0.0001
>1
5,489
2,102 38.29 3,387
61.71
Medicaid Eligibility
TANF
4,992
1,098 22.00 3,894
78.00
SSI
2,124
1,060 19.91 1,064
50.09 <0.0001
Other
666
200 30.03
466
69.97
Managed care plan type
Fee-for-Service
3,696
1417 38.34
2279
61.66
Risk-based Capitation
2,473
461 18.64
2012
81.36 <0.0001
Other
1,613
480 29.76
1133
70.24
Similar State Medicaid
Benefit Structure
1- (GA, PA, VA, WI)
1,635
525 32.11
1110
67.89
2- (CA, OR)
2,191
552 25.19
1639
74.81 <0.0001
3- (AZ, TX)
1,582
648 40.96
934
59.04
4- (NY, WV, IL)
2,374
633 26.66
1741
73.34
a
Comparing inpatient hospitalization versus no inpatient hospitalization among youth with
diagnosis of hypertension using Chi-square test
c

b

Row % unless indicated otherwise

b
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Table 15. Emergency Department Utilization at Any Time among Youth with > 2 Clinicianreported Diagnoses of Hypertension and Selected Characteristics, Medicaid Pediatric
Population, 2003
Emergency Department
Utilizationa
Characteristicc

Total
(N=7,782)

Yes (N=3,534)
n

%b

No (N=4248)
n

p-value

%b

Gender
Female
3,143
1,519 48.33
1624 51.67
<0.0001
Male
4,639
2,015 43.44
2624 56.56
Age Group
0 to 4 years
1,115
668 59.91
447
40.09
5 to 9 years
1,057
473 44.75
584
55.25 <0.0001
10 to 14 years
2,691
1,066 39.61
1625
60.39
15 to 17 years
2,919
1,327 45.46
1592
54.54
Race/Ethnicity
Caucasian
2,408
1,121 46.55 1,287
53.45
African American
2,145
997 46.48 1,148
53.52 0.0552
Hispanic
2,188
940 42.96 1,248
57.04
Other
1,041
476 45.73
565
54.27
Elixhauser Comorbidity
690 30.09 1,603
69.91
None
2,293
<0.0001
2,844 51.81 2,645
48.19
>1
5,489
Medicaid Eligibility
TANF
4,992
1,930 38.66
3,062
61.34
SSI
2,124
1,276 60.08
848
39.92 <0.0001
Other
666
328 49.25
338
50.75
Managed care plan type
Fee-for-Service
3,696
1,944 52.60 1,752
47.40
Risk-based Capitation
2,473
720 29.11 1,753
70.89 <0.0001
Other
1,613
870 53.94
743
46.06
Similar State Medicaid
Benefit Structure
1- (GA, PA, VA, WI)
1,635
806 49.30
829
50.70
2- (CA, OR)
2,191
905 41.31 1,286
58.69 <0.0001
3- (AZ, TX)
1,582
936 59.17
646
40.83
4- (NY, WV, IL)
2,374
887 37.36 1,487
62.64
a
Comparing emergency department utilization versus no emergency department utilization among
youth with diagnosis of hypertension using Chi-square test
b

Row % unless indicated otherwise
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4.6

Multivariate Logistic Regression Results- Variation by Race /Ethnicity

4.6.1

Likelihood of Clinician-reported Diagnosis of Hypertension
After adjusting for confounders, (Table 16a and Table 16b), African American

youth were significantly more likely to have either > 1 clinician-reported diagnosis (CRDX) of HTN (OR=1.18; 1.16 to 1.25) or > 2 CR-DX of HTN (OR =1.27; 95% CI: 1.20 to
1.35), compared to Caucasian youth. By HTN type, the likelihood of >1 primary HTN
diagnosis was significantly higher in African American youth compared to Caucasian
youth (OR=1.18; 1.05 to 1.31). Hispanic youth were less likely to have >2 diagnosis of
primary HTN among racial/ethnic groups (p=0.0030). There was no difference in the
reporting of > 2 primary HTN diagnosis in African American youth compared to
Caucasian youth (OR=1.00, p=0.9964). One or more CR-DX of secondary HTN was
significantly lower in African American youth compared to Caucasian youth (OR =0.73;
95% CI: 0.64 to 0.85). There was no difference in the reporting of > 2 secondary HTN
diagnosis among minority youth compared to Caucasian youth.
Appendix H provides full adjusted models for the likelihood of CR-DX of HTN
and by type. Being an African American youth, youth of other race/ethnicity, male, aged
5 to 17 years, with the presence of comorbidities and SSI eligibility (i.e. those with
disabilities) were significant factors associated with a greater likelihood of >2 CR-DX of
HTN. Being a youth aged 10 to 14 years and aged 15 to17 years were the only
significant factors associated with a greater likelihood of >2 CR-DX of primary HTN.
Being a youth with comorbidities, SSI eligibility, and in California or Oregon as states
with similar benefit structure were significant factors associated with a greater likelihood
of > 2 diagnosis of secondary HTN.
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4.6.1.1 Likelihood of Dispensed Antihypertensive Medications
The likelihood of an antihypertensive medication dispensing at any time and
within 30 and 90 days after a HTN diagnosis is shown in Table 17a, Table 17b, and Table
17c. Full adjusted model results are displayed in Appendix I. The likelihood of an AHT
medication dispensing at any time was lower in minority youth compared to Caucasian
youth. The lower likelihood was significant only for Hispanic youth (OR=0.83,
p=0.0047). Within 30 days of a HTN diagnosis, minority youth were no different than
Caucasian youth in terms of being dispensed AHT medications for treatment. The results
were similar for AHT medication dispensing within 90 days of a HTN diagnosis where
minority youth were no different than Caucasian youth in terms of treatment. Significant
factors associated with a greater likelihood of an AHT dispensing at any time among
youth with HTN diagnosis included being aged 5 to 17 years, with the presence of
comorbidities, and SSI eligibility. These same factors were also significantly associated
with a greater likelihood of AHT medication dispensing within 30 and 90 days after a
HTN diagnosis.
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Table 17a. Likelihood of Antihypertensive Medication Dispensing at Any Time for Minority Youth
Compared with Caucasian Youth with >2 Diagnoses of Hypertension, Adjusted for Gender, Age
Group, Comorbidity Burden, Medicaid Eligibility, Plan Type, and State Medicaid Benefit Structure

Race or Ethnicity

Caucasian
African American
Hispanic
Other

Antihypertensive Medication Dispensing at
Any Time
Unadjusted
odds ratio

Adjusted
odds ratio

1.00
0.97 (0.89-1.08)
0.81 (0.73-0.89)
1.11 (0.98-1.27)

1.00
0.89 (0.79-1.01)
0.83 (0.73-0.94)
0.85 (0.73-0.99)

Table 17b. Likelihood of Antihypertensive Medication Dispensing within 30 Days After Diagnosis of
Hypertension, Comparing Minority Youth with White Youth with >2 Diagnoses of Hypertension,
Adjusted for Gender, Age Group, Comorbidity Burden, Medicaid Eligibility, Plan Type, and State
Medicaid Benefit Structure

Race or Ethnicity

Caucasian
African American
Hispanic
Other

Antihypertensive Medication Dispensing
within 30 days
Unadjusted
odds ratio

Adjusted
odds ratio

1.00
1.15 (1.01-1.30)
0.86 (0.76-0.98)
1.13 (0.96-1.33)

1.00
1.06 (0.92-1.22)
0.96 (0.81-1.13)
1.03 (0.85-1.25)

Table 17c. Likelihood of Antihypertensive Medication Dispensing within 90 Days After Diagnosis of
Hypertension, Comparing Minority Youth with White Youth with >2 Diagnoses of Hypertension,
Adjusted for Gender, Age Group, Comorbidity Burden, Medicaid Eligibility, Plan Type, and State
Medicaid Benefit Structure

Race or Ethnicity

Caucasian
African American
Hispanic
Other

Antihypertensive Medication Dispensing
within 90 days
Unadjusted
odds ratio

Adjusted
odds ratio

1.00
1.18 (1.05-1.32)
0.79 (0.70-0.89)
1.08 (0.93-1.26)

1.00
1.07 (0.94-1.23)
0.92 (0.79-1.07)
1.02 (0.86-1.22)
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4.6.1.2 Likelihood of Inpatient hospitalization and Emergency Department
Utilization
The likelihood of inpatient hospital utilization at any time comparing minority
youth with diagnosed HTN to Caucasian youth with diagnosed HTN is shown in Table
18. There was no significant difference between minority youth compared to Caucasian
youth with diagnosed HTN in terms of inpatient hospitalizations at any time. Youth
diagnosed with HTN that had comorbidities, SSI eligibility, and in Arizona and Texas as
states with similar Medicaid benefit structures had a significantly greater likelihood of
inpatient hospitalizations at any time. Youth of other race/ethnicity were significantly
less likely to have emergency department (ED) utilization compared to Caucasian youth
diagnosed with HTN (OR=0.82, p=0.158) (Table 19). Other significant factors associated
with a greater likelihood of ED utilization at any time included being a youth with
comorbidities, SSI eligibility and in California and Oregon as states with similar benefit
structure, and Arizona and Texas as states with similar benefit structure.
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Table 18. Likelihood of Inpatient Hospital Utilization Comparing Minority Youth with
Caucasian Youth with > 2 Diagnoses of Hypertension, Adjusted for Gender, Age Group,
Comorbidity Burden, Medicaid Eligibility, Plan Type, and State Medicaid Benefit Structure

Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‗no‘ [Reference]
Comorbidity = ‗yes‘
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Plan type= Fee-for-Service
Plan type= Risk-based Capitation
Plan type= Other
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL
Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
1.15 (1.00-1.33)
1.12 (0.96-1.31)
1.17 (0.98-1.40)
1.00
0.72 (0.65-0.81)
1.00
0.39 (0.32-0.47)
0.24 (0.21-0.29)
0.28 (0.24.-0.33)
1.00
4.29 (3.70-4.99)
1.00
2.34 (2.07-2.65)
1.04 (0.85-1.28)
1.00
0.44 (0.38-0.51)
0.59 (0.50-0.70)
1.00
0.72 (0.59-0.87)
1.35 (1.12-1.62)
0.66 (0.55-0.80)

P Value
0.0552
0.1343
0.0843
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.6750
<0.0001
0.0010
0.0016
<0.0001

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.1644
Likelihood Ratio Test: p <0.0001
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Table 19. Likelihood of Emergency Department Utilization Comparing Minority Youth with
Caucasian Youth with > 2 Diagnoses of Hypertension, Adjusted for Gender, Age Group,
Comorbidity Burden, Medicaid Eligibility, Plan Type, and State Medicaid Benefit Structure

Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‗no‘ [Reference]
Comorbidity = ‗yes‘
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Plan type= Fee-for-Service
Plan type= Risk-based Capitation
Plan type= Other
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL
Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
P Value
1.00
1.03 (0.91-1.17)
0.6736
0.88 (0.76-1.00)
0.0565
0.82 (0.69-0.96)
0.0158
1.00
0.84 (0.76-0.92)
0.0004
1.00
0.50 (0.42-0.60)
<0.0001
0.41 (0.36-0.48)
<0.0001
0.54 (0.46.-0.63)
<0.0001
1.00
2.25 (2.01-2.51)
<0.0001
1.00
1.68 (1.49-1.89)
<0.0001
1..10 (0.92-1.32)
0.2875
1.00
0..42 (0.37-0.47)
<0.0001
1.12 (0.96-1.31)
0.1484
1.00
1.26 (1.06-1.50)
0.0105
1.95 (1.65-2.31)
<0.0001
0.82 (0.69-0.96)
0.0151
Hosmer and Lemeshow Goodness-of-Fit Test, p=0.1003
Likelihood Ratio Test: p <0.0001
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4.7.

Persistence with Antihypertensive Therapy

4.7.1

Eligible Population- Youth with Primary Hypertension
There were 3,952 youth with primary HTN who were initially identified with a

pharmacy claim for a dispensed AHT medication at any time during the 1 year study
period. Of these youth, 1,192 (30.16%) had a prescription index date between January 1,
2003 and July 1, 2003 allowing 180 days of equal follow-up time for each youth on AHT
therapy. A total of 825 (69.21%) of these youth had at least one prescription fill (i.e.
index prescription and a refill) and were used as the cohort for the persistence analysis.
4.7.1.1 Dispensed Antihypertensive Medications by Subclass and
Race/Ethnicity
Table 20 provides further information on any dispensed AHT medications and by
subclass according to race/ethnicity in this cohort. Any dispensed AHT medications were
33.45% in Caucasian youth, 30.06% in African American youth, 21.94% in Hispanic
youth, and 14.55% in youth of other race/ethnicity. The majority of dispensed AHT
medications were from the subclass of Diuretics (DRs, N=246) followed by calciumchannel blockers (CCBs, N=209) and angiotensin-converting enzyme inhibitors (ACEs,
N=135). ACEs were equally dispensed among Caucasian youth (28.15%), African
American youth (28.15%), and Hispanic youth (28.89%). African American youth had
the highest percentage of dispensed CCBs (33.97%) and DRs (32.11%) among
racial/ethnic group. Dispensed direct vasodilators (DV, 39.13%) were more common
among Hispanic youth than other racial/ethnic groups. Other AHT medication subclasses
such as beta-adrenergic blockers (BBs, 50.55%), central alpha agonists (CAAs, 43.16%),
and angiotensin II receptor blockers (ARBs, 41.67%) were most dispensed among
Caucasian youth.
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4.7.2

Persistence with Selected Individual Subclasses of Antihypertensives
In this cohort, persistence with the most frequently dispensed AHT medication

subclasses from Table 20 were assessed and included ACEs, CCBs, and DRs. The
overall [mean ± (standard deviation)] mean time on ACEs was 70 ± 57 days, CCBs 72 ±
57 days, and DRs 58 ± 56 days (p=0.8300). Table 21 provides information on mean and
median time to therapy discontinuation for each AHT medication subclass according to
race/ethnicity. Although there was no significant difference in mean time to therapy
discontinuation for each subclass of AHTs among racial/ethnic groups, the median time
varied considerably. African American youth had the shortest median time on ACEs (31
days) and DRs (30 days) among racial/ethnic groups. Median time on CCBs was similar,
but shortest for African American youth (37 days) and Hispanic youth (36 days), but
longest for Caucasian youth (47 days). Hispanic youth were the only racial/ethnic group
to have the longest median time on ACEs (50 days). Youth of other race/ethnicity had the
longest median time on DRs (63 days) followed by Caucasian youth (59 days) then
Hispanic youth (53 days).

Table 21. Persistence Analysis- Mean and Median Time to Antihypertensive Therapy
Discontinuation by Subclass According to Race/Ethnicity, Medicaid Pediatric Population, 2003
Time to Antihypertensive Therapy Discontinuation
(Days)
Race/Ethnicity
Caucasian
African American
Hispanic
Other

ACEsa
Mean ± SD Median
70 ± 56
66 ± 55
72 ± 55
72 ± 62

38
31
50
30

CCBsa
Mean ± SD Median
73 ± 55
47
77 ± 60
37
66 ± 53
36
72 ± 59
42

DRsa
Mean ± SD Median
60 ± 56
59
55 ± 56
30
55 ± 56
53
61 ± 56
63

0.8300
0.6682
0.2009
p-value
a
Abbreviations ACEs for Angiotensin-Converting Enzyme Inhibitors; CCBs for Calcium-Channel
Blockers; DRs for Diuretics; SD for Standard Deviation
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At 180 days of evaluation, persistence and nonpersistence with each subclass of
AHTs was similar (p=0.6049) (Table 22). Persistence with ACEs was 31.85%, CCBs
(29.19%), and DRs (30.08%). Since there was no difference in persistence with AHT
therapy at the subclass level, overall persistence with AHT therapy was then measured at
the aggregate level across all subclasses (subclasses previously shown in Table 20).
Table 22. Persistence Status at 180 days Post-index Prescriptiona according to Selected AHT
Medication Subclass, Medicaid Pediatric Population, 2003
Persistent
Yes
Antihypertensive Medication Subclass

Total

n

%

Calcium-Channel Blockers

209

61

29.19

148

70.81

Diuretics

246

74

30.08

172

69.92

4.7.3

92

p-value
%b

135

b

31.85

n

Angiotensin-Converting Enzyme
Inhibitors

a

43

No
b

68.15
0.6049

15 day grace period between prescription fills is used
Row % unless indicated otherwise

Overall Persistence and Nonpersistence with Antihypertensive Therapy
The overall [mean ± (standard deviation)] time to AHT therapy discontinuation

among the study population was 66.44 ± 53.65 days; median time was 30 days. As shown
in Table 23, at 180 days of follow-up with a 15 day grace period between prescription
refills, 73% of youth were non-persistent with their AHT therapy. A significant
difference was observed in therapy persistence among age group (p=0.0004). With
increasing age group, the rates of non-persistence increased linearly: from 58.49% in 0 to
4 year olds to 77.27% in 15 to 17 year olds. There was no difference in AHT therapy
persistence and nonpersistence among gender, racial/ethnic group, eligibility group,
comorbidity status, plan type, and similar state benefit structure.
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Varying the days of follow-up at 60 days and 120 days revealed similar
percentages of youth non-persistent with therapy (74% and 75%, respectively). Appendix
J provides persistency status at 60 and 120days. At 120 days, a significant difference in
therapy persistence among age group remained (p=0.0007). However, at 60 days there
was no difference in therapy persistence among age group and for the rest of the general
characteristics among youth with primary HTN.
Table 23. General Characteristics of Youth with Primary Hypertension according to
a
Persistency Status at 180 days Post-index Prescription

Persistent
Yes
c

Characteristic
Total
Gender
Female
Male
Age Group
0 to 4 years
5 to 9 years
10 to 14 years
15 to 17 years
Race/Ethnicity
Caucasian
African American
Hispanic
Other
Elixhauser Comorbidity
None
>1
Medicaid Eligibility
TANF
SSI
Other
Managed care plan type
Fee-for-Service
Risk-based Capitation
Other
Similar State Medicaid
Benefit Structure
1- (GA, PA, VA, WI)
2- (CA, OR)
3- (AZ, TX)
4- (NY, WV, IL)
a
b

No
b

p-value

Total
825

n
223

%
27.03

n
602

%b
72.67

319
506

82
141

25.71
27.87

237
365

74.29
72.13

106
113
276
330

44
38
66
75

41.51
33.63
23.91
22.73

62
75
210
255

58.49
66.37
76.09
77.27

276
248
181
120

84
64
46
29

30.43
25.81
25.41
24.17

192
184
135
91

69.57
74.19
74.59
75.83

240
585

61
162

25.42
27.69

179
423

74.58
72.31

472
287
66

128
76
19

27.12
26.48
28.79

344
211
47

72.88
73.52
71.21

0.9281

446
191
188

120
58
45

26.91
30.37
23.94

326
133
143

73.09
69.63
76.06

0.3690

199
154
192
280

52
46
45
80

26.13
29.87
23.44
28.57

147
108
147
200

73.87
70.13
76.56
71.43

15 day grace period between prescription fills is used
Row % unless indicated otherwise

0.4963

0.0004

0.4665

0.5039

0.5116
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4.7.3.1 Antihypertensive Therapy Discontinuation by Race/Ethnicity
The overall mean time to AHT therapy discontinuation among Caucasian youth
was 70 days (median time, 44 days); African American youth, 64 days (median time, 30
days); Hispanic youth, 63 days (median time, 33 days); youth of other race/ethnicity, 69
days (median time, 30 days). There was no significant difference in the mean time on
AHT therapy among racial/ethnic groups (p=0.4137). Appendix K provides unadjusted
persistence curves for the proportion of youth by race/ethnicity remaining on AHT
therapy throughout the 180 days follow-up period.
4.7.4

Multivariate Analysis- Antihypertensive Therapy Discontinuation
A Cox proportional hazards model, with Caucasian youth as the referenced

racial/ethnic group was used to assess AHT therapy discontinuation while controlling for
significant variables from Table 23 and Appendix L (unadjusted hazard ratios analysis of
the survival function and each independent variable). The final model of main effects
include: African American race, Hispanic ethnicity, Other race/ethnicity, age group 5 to
9, age group 10 to 14, age group 15 to 17, comorbidity, and SSI eligibility. Appendix M
provides results of the Cox model with the only significant factor, age group, from the
bivariate analysis (Table 23).
Since the hazard ratios are for time to discontinuation of AHT therapy, hazard
ratios below 1.0 imply a longer persistence with AHT therapy. As summarized in Table
24, adjustment for age group, comorbidity, and SSI eligibility revealed there was no
significant difference in the length of time to AHT therapy discontinuation comparing
youth from each minority racial/ethnic group to Caucasian youth. However, being a
youth from the 10 to 14 years age group (HR=1.40, p=0.0246) and 15 to 17 years age
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group (HR=1.45, p=0.0107) were significant factors associated with a shorter persistence
with AHT therapy. Being a youth with SSI eligibility (i.e. those with disabilities) was a
significant factor associated with longer persistence with AHT therapy.
Appendix N provides adjusted persistence curves using significant covariates
from the Cox model for the proportion of youth by race/ethnicity remaining on AHT
therapy throughout the 180 days follow-up period.

Table 24. Cox Regression Analyses- Likelihood of Antihypertensive Therapy Discontinuation in
Relation to Youth Characteristics with Primary Hypertension
34
Characteristic
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‗yes‘
SSI Eligibility

Adjusted Hazard Ratio
(95% Confidence Interva1)
1.16 (0.94-1.42)
1.18 (0.94-1.48)
1.29 (0.99-1.69)
1.07 (0.76-1.50)
1.40 (1.04-1.86)
1.45 (1.09-1.94)
0.84 (0.69-1.01)
0.79 (0.65-0.95)

P Value
0.1699
0.1474
0.0577
0.6932
0.0246
0.0107
0.0582
0.0130

No significant interactions were found between race and age group and SSI
eligibility. Appendix O provides the full model with interactions. Appendix P provides a
sub-analysis of youth in this cohort for Medicaid eligibility and age group by
race/ethnicity. The inclusion of time-dependent covariates (interactions of the variables
with time in Table 21) in the model and test of the Cox proportionality assumption for all
of the covariates collectively revealed a Wald Chi-Square of 2.5884, degrees of freedom
(df) of 8, and p value=0.9784. The tests of all the time-dependent variables were not
significant either individually or collectively, so there was not enough evidence to reject
proportionality. An assumption of proportional hazards for the model was made.
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Chapter 5- Discussion
In this section, the findings from this study are discussed; limitations and
strengths are noted including conclusions and recommendations.
Based on thorough review of the current literature, this is the first study to provide
information on clinician-reported diagnosis of HTN, dispensed AHT medications, and
persistence with AHT therapy among a relatively large Medicaid pediatric population of
7.8 million, less than 18 years old. In addition, the roles of race or ethnicity and other
health services utilization (i.e. inpatient hospitalizations and emergency department (ED)
visits) in the treatment of pediatric hypertension (PedHTN) are addressed in this high-risk
population.
The major findings of this study are: 1) racial disparities in clinician-reported
diagnosis (CR-DX) of hypertension (HTN) exist: African American youth had the
greatest likelihood of diagnosed HTN compared to Caucasian youth; 2) no racial/ethnic
disparities in treatment were observed: African American youth and Hispanic youth were
as likely as Caucasian youth to be treated immediately following diagnosis of HTN; 3)
length of persistence on AHT therapy did not vary among racial/ethnic youth diagnosed
with primary HTN; 4) African American youth and Hispanic youth with HTN were as
likely as Caucasian youth to have a hospitalization or ED utilization at any time; 5) older
youth, aged 15 to 17 years, and youth with disabilities with HTN were identified as
subpopulations in need of further evaluation.
Clinician-reported Diagnosis of Hypertension
Variability in hypertension diagnostic prevalence in youth
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In this study, the overall prevalence of clinician-reported HTN diagnosis in the
Medicaid pediatric population during 2003 was 0.26%. This finding is lower than those
found in the clinical research literature where the prevalence of HTN is measured
prospectively, ranging from 1% to 5%. Recent studies using the National High Blood
Pressure Education Program (NHBPEP) guidelines recommend diagnosis of HTN after >
3 separate clinic visits in youth have demonstrated that the prevalence of childhood HTN
is between 3.2% and 3.6% [2, 95]. Other studies have estimated the prevalence of HTN
to be between 2% and 5% in specific pediatric populations (i.e. overweight, schoolaged, and ethnic) [5, 6]. Based on a summary of NHANES data, the NHBPEP Working
Group on Children and Adolescents currently states that approximately 1% to 3% of the
U.S. pediatric population less than 18 years old have HTN [3]. In summary, the study
design (retrospective or prospective) and the population or subpopulation assessed
produce substantially different estimates of PedHTN.
For clinical assessments of PedHTN, these varied estimates show that the
diagnosis of HTN in children may be more complex than in adults, particularly as normal
and abnormal BP values in children are based on age, sex, and height percentile [1, 3].
The need for repeated measurements and/or clinic visits and different BP measurement
methods feeds into the complexities of diagnosing HTN in youth [1, 3]. In addition,
current short visit times in the typical U.S. pediatric well visit add an additional burden
for accurate assessment of pediatric BP.
This study utilized claims data that reflect information based on provider report.
Therefore, diagnosis of HTN in the Medicaid pediatric population may reflect provider
behavior that is not documented and influenced by other factors (i.e. different provider
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recognition and labeling of HTN in children) that may affect the true prevalence of HTN
diagnoses. Pediatricians and other practitioners may find it difficult to remember all the
normal blood pressure values for the diversity of children observed in the usual primary
care setting. Although BP tables and electronic programs exist, it may be difficult and
time-consuming to add these tools into a physician's work schedule [10, 66]. In contrast,
clinicians may be unfamiliar with the recent NHBPEP consensus guidelines regarding the
identification and evaluation of elevated BP in youth. Some clinicians (e.g. family
medicine doctors, pediatricians, physician assistants, and nurses) may not only be
unfamiliar with the guidelines, but uncomfortable with diagnosing and evaluating HTN in
youth [10]. Unfortunately, recent data indicate that the NHBPEP guidelines are not being
followed in actual practice. The difficulties of diagnosing HTN in children are
highlighted by a recent study that found that within a large, tertiary healthcare system,
only about 1 in 4 children and adolescents identified by the researchers as having HTN
had been diagnosed with the condition, according to medical records [95].
In addition, youth may not have had consistent care providers during the study
period that identify and document HTN. Hypertension is known as a ―silent‖ disease
because typically it shows no symptoms. Unless pediatric well visits are conducted
regularly, parents have no way to know of a child‘s HTN. In clinical practice,
approximately after the first three years of life, children are scheduled to be seen once a
year. Once a child reaches school-age, compliance with routine doctor visits may
decrease to the point where the child may not be seen at all during the year if otherwise
healthy. The child may only come for sick visits. The best medical care includes yearly
measurement of BP in every child older than 3 years [1].
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Another factor that may affect the reporting of HTN diagnosis is the availability
of BP monitors and cuffs in clinical practice that are specific for the pediatric population.
Cuff size is a significant component in the accuracy of BP data [1, 61]. According to the
NHBEP guidelines, the width of the cuff used should be at least 40% of the mid-arm
circumference of the child [1, 61]. Therefore, careful selection of equipment for use in
pediatric patients is essential for accurate BP recording. However, although BP monitors
are available for purchase in the Unites States, few have been validated for use in
children [96] and the extent of their use in the pediatric populations of this study is not
known.
Other issues with clinician-reported diagnosis of hypertension
Thus, obtaining a blood pressure in a clinical setting particularly among younger
children (i.e. infants and preschoolers) may be a challenge. Younger children may not be
calm in the presence of a provider who is about to measure their blood pressure.
According to the Nelson Textbook of Pediatrics, ―obtaining an accurate blood pressure
measurement in infants is often the most difficult and time-consuming part of the
physical examination‖ [61]. Older children may also experience some level of anxiety
associated with measurement of blood pressure. These situations may lead to the clinical
condition called ―white coat hypertension‖ where a false diagnosis of HTN is obtained [1,
96]. White coat hypertension is specifically defined as ―BP levels that are at the 95th
percentile or higher among youth when measured in the physician‘s office or clinic but
are completely normal (average BP < 90th percentile) outside of a clinical setting. Clinical
blood pressure measurements often fail to account for this brief episode of stress-induced
elevation of BP [96].
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There continues to be a debate on whether clinic BP monitoring versus
ambulatory BP monitoring (the measurement of BP at regular intervals throughout the
day and night), should be used in the assessment and management of BP in youth [96].
The argument is that ambulatory BP monitoring can pinpoint exact changes in BP
throughout daily activities and therefore is better than clinic BP monitoring in predicting
cardiovascular morbidity and mortality. In addition, ambulatory BP monitoring is useful
in detecting white coat hypertension associated with anxiety from other clinical
conditions [96]. The Nelson Textbook of Pediatrics suggests that ambulatory BP
monitoring may be especially useful in adolescents who have borderline HTN in the
office setting [61]. The use of ambulatory BP monitoring is gaining acceptance in
hypertension research in the pediatric population and in the clinical setting. However,
evidence for outcome studies that relate ambulatory BP monitoring levels in youth to
well-defined outcomes such as renal failure, myocardial infarction or stroke is lacking
[96].
Validity of Clinician-reported Diagnosis of Hypertension
Information on HTN diagnoses in Medicaid files is based on provider report.
Provider report is subject to whether the clinical diagnosis made and recorded by the
physician is correct. Although diagnostic codes in claims serve as a useful proxy for
underlying medical conditions such as HTN used for this study, they represent what the
provider thinks they are treating in addition to other factors. There is no incentive for
providers to use the most specific ICD-9-CM code available [84]. The correct diagnostic
classification of youth for this study is a critical foundation for subsequent analyses.
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To enhance validity, this study utilized a more stringent diagnostic criterion of >2
CR-DX of HTN. The result was a decrease in the prevalence of reported HTN diagnosis
from 0.26% (based on > 1 HTN diagnosis) to 0.10% (based on > 2 diagnoses). A
designation of HTN that is based on a single clinic visit likely overestimates the
prevalence because blood pressure tends to decrease in follow-up visits due to established
comfort levels with the procedure as well as regression to the mean [1, 3, 61]. A recent
study by Moore et al. [97] reported abnormal BP in the hypertensive range in 13.8% of
students at first measurement, in 4.5% at second measurement, but only 2.3% had
sustained abnormal BP measurement in the hypertensive range at third measurement.
This implies that elevated BP measurements found at a single screening are not
diagnostic of sustained HTN in children. As referenced earlier, a significant proportion of
hypertensive children may still remain undiagnosed as suggested by Hansen et al. [95].
There were youth in this study that had both a primary and secondary HTN
diagnosis and they accounted for 14% of the population with > 2 CR-DX of HTN.
Recognizing the fact that having both diagnoses is not clinically possible, youth in this
situation may have been labeled as having primary HTN until an identifiable cause of the
HTN was found. The Elixhauser comorbidity assessment to the study population revealed
a high proportion of youth with a diagnosis of renal failure (33.13%) followed by chronic
pulmonary disease (24.78%). The presence of these comorbidities may imply the
underlying causes of secondary HTN. Both comorbidities are well documented in
research and NHBPEP guidelines to be associated with secondary HTN [1, 3, 7, 8]. This
study points out the difficulties of using clinician-reported diagnoses without the ability
to reassess diagnoses by research validation.
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Dispensed Antihypertensive Medications among Youth
Two recent studies have provided findings from administrative claims data on
AHT medication dispensing among commercially-insured youth. Liberman et al. [36]
estimated a prevalence of AHT medication use of 0.15% and Cox et al. [35] estimated
1.8% prevalence of use. A disadvantage of commercial insurance data is the lack of
diagnoses information to relate to medication use as in these studies that relied on
Pharmacy Benefit Manager (PBM) data which is restricted to prescription dispensing.
The present study incorporated diagnoses of HTN and other conditions in the
examination of dispensed AHT medications among Medicaid-insured youth.
Approximately 46% of youth with > 2 CR-DX of HTN and 1.10% without a diagnosis of
HTN had dispensed AHT medications. Many AHT medications may have multiple
indications for use such as for the treatment of congestive heart failure, cardiac
arrhythmias, sleep apnea, and attention deficit hyperactivity disorder (ADHD).
Additionally, AHT medications may be used as a preventive measure to delay the onset
of HTN among patients with renal disease. This study found that among the population
without a diagnosis of HTN, over 70% of AHT medications dispensing were for
clonidine and gaunfacine from the subclass of central alpha agonists which is used for
ADHD, not to treat HTN in youth. Excluding the subclass from the estimate of AHTs use
among youth without a diagnosis of HTN revealed a prevalence of twice as high an
estimate as the Liberman et al. study. This difference may be explained by the greater
severity of illness in the Medicaid program which includes Supplement Security Income
(SSI) recipients. The Cox et al. study does not distinguish secondary use of AHTs for the
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treatment of other conditions such as ADHD and shows a 10-fold greater prevalence of
AHT medication use in youth, which is likely to be an overestimate.
Overall, the subclasses of drugs that were used most commonly among youth with
diagnosed HTN at anytime were angiotensin-converting enzyme inhibitors (ACEs)
followed by calcium channel blockers (CCB) whether ever used in the year or restricted
to 30 days of a HTN diagnosis. Among youth without a diagnosis of HTN (N=25, 172)
with dispensed AHTs after excluding medications dispensed for ADHD, beta blockers
followed by diuretics were the most dispensed AHT medications. The main similarity
with the Cox et al. and Liberman et al. studies is that beta blockers were the most
frequently dispensed AHT medications among youth, in the absence of a diagnosis of
HTN in those studies. Both the Cox et al. and Liberman et al. studies also showed ACEs
as the next most prevalent subclass of AHTs.
Study Limitations and Strengths
The current study has several limitations. There may be issues with external
validity, e.g. limited geographic distribution of youth in Medicaid. The study is based on
Medicaid data from 11 states, and the results might not be comparable to those of youth
in other state Medicaid programs, commercially-insured youth, or those who self-pay or
lack insurance. Only 1-year of available data was available to assess CR-DX of HTN and
persistence with AHT therapy. Initial or subsequent diagnoses of HTN before or after the
study period window are not captured. Therefore the estimates of CR-DX of diagnosis of
HTN, particularly for youth with only 1 diagnosis, should be interpreted with caution.
One diagnosis of HTN during the study period could imply the following: 1)
noncompliance with follow-up visits; 2) follow-up visits scheduled before or after the
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study period; 3) doctor may not have requested a follow-up visit for administrative
reasons; 4) false diagnosis of HTN, meaning youth may have had white coat HTN; and 5)
administrative termination of access to care in the Medicaid system. For persistence with
AHT therapy, allowing for a shorter follow-up period with fewer days of observations
(i.e. 90 to 180 days) is somewhat limiting opportunities of nonpersistence than if there
was a 12 month period of follow-up. Furthermore, no assumptions can be made as to
whether the patient actually consumed the medication at all or consumed the medication
as prescribed.
Retrospective claims data do not allow an assessment of patient and physician
reasons for discontinuing AHT therapy. Factors that can affect persistence with AHT
therapy include the cost of therapy, frequency of dosing, socioeconomic disadvantages
(e.g. one parent family and severe poverty which can limit access to care), patient, parent
or guardian understanding of the severity of the hypertension, and the quality of the
physician-patient relationship. Since the data were extracted from a claims data set, not
all episodes of care may be captured. For example, persistence calculations do not
account for situations where prescription medications may have been acquired from
sources other than pharmacies, such as physician dispensing of drug samples, drugs
received while hospitalized, and non-formulary drugs purchased out-of-pocket. Such
examples are less likely to occur in Medicaid-insured populations than in commerciallyinsured populations. Although beyond the scope of this study, other episodes of
medication use such as switching were not accounted for in measuring persistence to
AHT therapy. Switching may be an indicator of disease severity, lack of effectiveness or
external factors to physicians (e.g. formation of new products or product formularies).
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Patients might have switched AHT medications because of poor response, side effects,
allergies, or interactions with other concurrent drugs.
In terms of strengths, despite these limits, this study provides new information on
the diagnosis and treatment of HTN in the Medicaid pediatric population. The study
reflects real-life community practice rather than findings from controlled clinical trial
settings where protocols or clinician supervision of medication persistence reduces the
generalizability of results. As discussed previously (page 92), an additional strength of
this study is in the ascertainment of HTN that is based on > 2 diagnoses of HTN.
The methodology used for this study incorporated multivariate analysis to find
initial predictors and control for important confounders that relate to the diagnosis and
treatment of HTN in youth. Variables explored in this study included race/ethnicity, age,
gender, comorbidity burden, manage care plan type, Medicaid eligibility group, state
benefit structure, and geographic region. Findings from the multivariate analysis
highlighted specific subpopulations that warrant further research and evaluation. For
example, youth eligible for Social Supplemental Security Income (SSI), i.e. those with
disabilities who were diagnosed with primary HTN are regarded as more severely ill.
Supporting this point, SSI eligibility was found in this study to be the only significant
factor associated with longer persistence with AHT therapy as shown by a hazard ratio of
0.79 and p-value=0.0130. The immediate goal of AHT therapy is to reduce blood
pressure, toward the ultimate goal of reducing the risk of morbidity and mortality
associated with uncontrollable HTN.
Findings from multivariate analysis also identified adolescent youth with a higher
diagnosis of primary HTN and also the only significant factor associated with AHT

96

therapy discontinuation. The age group of adolescent youth, 15 to 17 years, may be at
increased risk of continuing HTN into their adulthood. As a consequence, there is a
potential for this age group with HTN to add to the morbidity of HTN in the adult
population. Research already shows that adolescents are developing HTN in
approximately the same proportions as adults [1, 2, 4, 7]. Primary HTN often is linked to
other risk factors that make up metabolic syndrome and can lead to cardiovascular
disease [1, 3, 5, 9]. These risk factors include hyperlipidemia, insulin resistance, elevated
plasma triglycerides, and abdominal obesity. Based on these observations, early detection
of HTN and intervention in this age group are potentially beneficial in preventing longterm complications of HTN and reducing the public health burden of HTN. The Nelson
Textbook of Pediatrics documents that ―adolescents who are poorly compliant with
changes in lifestyle are also unlikely to be compliant with a long-term drug regimen‖
[61]. The current study findings provide useful baseline information for the development
of initiatives to improve the quality of pediatric HTN management. For example,
initiatives that would target older youth and disabled youth at increased risk for severe
HTN morbidities.
To the author‘s knowledge, this study is the first to assess persistence to AHT
therapy in the pediatric population. The measurement of persistence as a continuous
variable and function of gaps between AHT prescription refills as used in this study has a
distinct advantage over other measures of persistence [i.e. medication possession ratio
(MPR)]. The advantage is acquired information on the timeliness and consistency of
refilling AHT medications which is relevant for treating a chronic condition such as
HTN. The MPR only provides insight on medication availability (i.e. available
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medication on hand or the presence of a medication refill) [87-90]. However there is a
disadvantage of the persistence measure as a function of gaps and that is consistent
refilling behavior that occurs after the designation of nonpersistence is not considered in
the analysis. A survival analysis method was used in this study to measure ―time to AHT
therapy discontinuation‖ or the first occurrence of a gap that exceeds the allowable grace
period between fills (15 days). Survival analysis permits the construction of a survival
function based on refill patterns and confounding variables. The result is meaningful
comparisons of persistence among different populations (e.g. racial/ethnic group). The
commercially-insured population lacks data on race/ethnicity because insurers do not
require it.
The study also addresses an important issue in PedHTN and that is whether the
prevalence of diagnosis and treatment (i.e. AHT medication use and other utilization of
health services: hospital and emergency department) varies by racial/ethnic group. Racial
or ethnic differences in the prevalence of HTN diagnosis were identified after controlling
for gender, age group, comorbidity burden, and state benefit structure. Specifically,
compared to Caucasian youth, the prevalence of CR-DX of HTN was highest among
African American youth (OR=1.27, p<0.0001) and lowest among Hispanic youth
(OR=1.02, p=0.5634). Primary HTN diagnosis was more common in African American
youth with HTN. In terms of treatment, dispensed AHT medications were significantly
lower for Hispanic youth (OR=0.83, p=0.0047) but no different for African American
youth (OR=0.89, p=0.0591) compared to Caucasian youth. A general look at other health
services utilization among youth with >2 CR-DX of HTN revealed minority youth were
as likely as Caucasian youth to have inpatient hospitalizations at any time. African
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American youth and Hispanic youth compared to Caucasian youth were no different in
terms of emergency department utilization at any time.
Conclusion
This research study provides a comprehensive analysis of at-risk youth (often
represented by minorities) in terms of HTN diagnosis and drug therapy for HTN in the
Medicaid-insured pediatric population. The Medicaid population tends to be poor, lowincome; less educated, and reflect a wide range of health status, including many with
disabilities and severe chronic conditions [98-100]. This is a different perspective from
available information on AHT therapy among commercially-insured youth who are
healthier and come from working families with higher education and of socioeconomic
status [35, 36].
The study adds to the deficits in the current knowledge about PedHTN as well as
to the future direction for research in the area. This study provides new information on
measurements of and adjustments for potential confounders such as race/ethnicity, age,
gender, and comorbidity burden for youth with HTN in the Medicaid population. The
findings from this study highlight the need to improve medication use and persistence in
African American and Hispanic youth, as well as among disabled and older youth with
primary HTN to reduce the severity of future cardiovascular morbidity. It is important to
note that although this study looks at the minority population, not all minorities are the
same. There are individual subgroups within these populations that differ in terms of
culture, values, beliefs, and norms. The needs of each group may be multi-faceted and
present challenges to optimal treatment of HTN. Therefore any strategies to target
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management of HTN in these groups require a sustained provider-patient and parent or
guardian relationship that embeds cultural knowledge, awareness and sensitivity.
Future research should expand on the persistence analysis to account for various
patterns of drug use such as switching and concomitant medication use and
measurements at the drug or class level. This can help to identify youth who may have
more severe HTN and warrant optimal treatment and management. This is important
because AHT agents have not been fully tested in the pediatric population and the risk of
using these drugs may be higher in children, given the longer lifetime of administration
and exposure during time of growth and development [10].
PedHTN is a relevant topic for policy-makers to improve care in community
treatment particularly of Medicaid-insured minority youth. Considering the potential
impact that uncontrolled HTN could have on the health and well-being of US children,
this study would assist public health policy in Medicaid by providing knowledge to
prioritize AHT medication subclasses for pediatric clinical trials or prospective
longitudinal cohort studies and to address findings related to racial or ethnic disparities in
service utilization. Cohort studies can be done to establish the outcomes of current
pediatric practice—how long youth stay in treatment, their level of adherence to
recommended treatment, symptom control and functional impairment over time and level
of satisfaction with care. In addition, data on retrospective patterns of care could be used
to develop and enhance quality assurance measures for community and Medicaid
oversight programs. For example, evaluating targeted pediatric sub-populations staying in
treatment and assessing clinical outcomes as worsening or getting better; whether
services and supports that are planned are effectively implemented in accordance with
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each youth unique needs; and whether providers possess and demonstrate the capability
to effectively serve youth diagnosed with HTN.
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Appendix C

Table 1. Frequency (n, %a) of Dispensed Antihypertensive Medications by Subclass among Youth
with No Hypertension and > 2 Diagnosis of Hypertension

Antihypertensive
Medication Subclass

Total
Population
N=7,783,234
n
%

Youth with > 2
Diagnoses of HTN
N=7,782
n
%

Youth without
Diagnosis of HTN
N=7,775,452
%
n

Any Antihypertensive
Angiotensin-Converting
Enzyme Inhibitors
Aldosterone Receptor
Antagonists
Alpha-Adrenergic
Blockers
Angiotensin II Receptor
Blockers

89,571

1.15

3,588

46.11

85,983

1.11

6,665

0.09

1,335

17.15

5,330

0.07

1,815

0.02

81

1.04

1,734

0.02

274

< 0.00

41

0.53

233

< 0.00

839

0.01

273

3.51

566

0.01

Beta-Adrenergic Blockers

11,987

0.15

981

12.61

11,006

0.14

Calcium-Channel Blockers

4,741

0.06

1,270

16.32

3,471

0.04

61,402

0.79

591

7.59

60,811

0.78

344

< 0.00

124

1.59

220

< 0.00

0.12

979

12.58

8,347

0.11

Central Alpha-Agonists
Direct Vasodilators

9,326
Diuretics
a
Column % unless indicated otherwise
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Appendix D
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Appendix E
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Appendix F

Table 1. Top 10 Primary Diagnoses among Youth with Hypertension Diagnosis, Inpatient
Hospitalizations, Medicaid Pediatric Population, 2003
Inpatient Hospitalizations - With > 2 Diagnoses of Hypertension
Rank

ICD-9
Code

1

585

2

401.9

3

V42.0

4

V68.9

5

V20.2

6

710.0

7

465.9

8

401.1

ICD-9 Code Description

Chronic kidney disease
Unspecified essential hypertension
Kidney replaced by transplant
Encounters for unspecified administrative
purpose
Health supervision of foundling
Systemic lupus erythematosus
Acute upper respiratory infections of
unspecified site
Benign essential hypertension
Unspecified delay in development

Number of
Youth with
ICD-9 code

Percentage
among youth
with
hypertension1

56

4.91

37

3.25

29

2.54

28

2.46

26

2.28

20

1.75

16

1.40

15

1.32

14
1.23
Fever and other physiologic disturbances of
temperature regulation
12
1.05
10
780.6
1
Among 1,140 youth 17 years and younger (excludes newborns) with hypertension with hospitalizations
and a recorded primary diagnosis
9

315.9

114

Table 2. Top 10 Primary Diagnoses among Youth without Hypertension Diagnosis, Inpatient
Hospitalizations, Medicaid Pediatric Population, 2003
Inpatient Hospitalizations- No Hypertension Diagnosis
Number of
Youth with
ICD-9 code

Percentage
among youth
without
hypertension1

16,880

9.82

10,851

6.32

6,309

5.98

3,546

3.67

780.6

Health supervision of foundling
Acute upper respiratory infections of
unspecified site
Encounters for unspecified administrative
purpose
Unspecified otitis media- inflammation of the
middle ear
Fever and other physiologic disturbances of
temperature regulation

3,063

2.06

6

462

Acute pharyngitis- inflammation of the throat.

2,966

1.78

7

493.90

Asthma unspecified

2,400

1.73

8

466.0

2,351

1.40

9

314.01

Acute bronchitis
Attention deficit disorder of childhood with
hyperactivity

2,113

1.37

Rank

ICD-9
Code

ICD-9 Code Description

1

V20.2

2

465.9

3

V68.9

4

382.9

5

1

1,955
1.23
10
079.99 Unspecified viral infection
Among 171,826 youth 17 years and younger (excludes newborns) without hypertension with
hospitalizations and a recorded primary diagnosis
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Appendix G
Table 1. Top 10 Primary Diagnoses among Youth with Hypertension Diagnosis, Emergency
Department Visits, Medicaid Pediatric Population, 2003

Rank

1

Emergency Department Utilization- With > 2 Diagnoses of Hypertension
Percentage
Number of
ICD-9 ICD-9 Code Description
among youth
Youth with
Code
with
ICD-9 code
hypertension1
Unspecified essential hypertension

102

6.13

Chronic kidney disease

48

2.88

Benign essential hypertension
Encounters for unspecified administrative
purpose

43

2.58

36

2.16

32

1.92

465.9

Health supervision of foundling
Acute upper respiratory infections of
unspecified site

26

1.56

7

v42.0

Kidney replaced by transplant

24

1.44

8

315.9

Unspecified delay in development

22

1.32

9

493.90

Asthma unspecified

22

1.32

1

401.9

2

585

3

401.1

4

v68.9

5

v20.2

6

22
1.32
10
710.0 Systemic lupus erythematosus
Among 1,665 youth 17 years and younger (excludes newborns) with hypertension with ED Visit and a
recorded primary diagnosis
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Table 2. Top 10 Primary Diagnoses among Youth without Hypertension Diagnosis, Emergency
Department Visits, Medicaid Pediatric Population, 2003
Emergency Department Utilization- No Hypertension Diagnosis
Number of
Youth with
ICD-9 code

Percentage
among youth
without
hypertension1

54,346

7.61

53,779

7.53

41,191

5.77

31,098

4.35

780.6

Health supervision of foundling
Acute upper respiratory infections of
unspecified site
Encounters for unspecified administrative
purpose
Unspecified otitis media- inflammation of the
middle ear
Fever and other physiologic disturbances of
temperature regulation

22,131

3.10

6

462

Acute pharyngitis- inflammation of the throat.

20,713

2.90

7

079.99

Unspecified viral infection

14,124

1.98

8

466.0

12,214

1.71

9

487.1

Acute bronchitis
Influenza with other respiratory
manifestations

10,624

1.49

Rank

ICD-9
Code

ICD-9 Code Description

1

v20.2

2

465.9

3

v68.9

4

382.9

5

1

10,470
1.47
10
493.90 Asthma unspecified
Among 714,324 youth 17 years and younger (excludes newborns) without hypertension with ED Visit
and a recorded primary diagnosis
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Appendix H
Adjusted Multivariate Models – Logistic Regression Results for
Likelihood of Clinician-reported Diagnosis of Hypertension and by HTN type

Table 1. Likelihood of >1 clinician reported diagnosis of Any HTN
Adjusted Odds Ratio
Characteristic
(95% Confidence Interval)
P Value
Caucasian Race [Reference]
1.00
African American Race
1.18 (1.16-1.25)
<0.0001
Hispanic Race/Ethnicity
1.00 (0.96-1.04)
0.9372
Other Race/Ethnicity
1.07 (1.02-1.13)
0.0038
Female Gender [Reference]
1.00
Male Gender
1.21 (1.17-1.24)
<0.0001
Age 0to4 [Reference]
1.00
Age 5to9
1.14 (1.09-1.20)
<0.0001
Age 10to14
2.54 (2.44-2.65)
<0.0001
Age 15to17
5.36 (5.14-5.59)
<0.0001
Comorbidity = ‗no‘ [Reference]
1.00
Comorbidity = ‗yes‘
5.54 (5.38-5.71)
<0.0001
TANF Eligibility [Reference]
1.00
SSI Eligibility
2.02 (1.95-2.10)
<0.0001
Other Eligibility
1.00 (0.94-1.05)
0.8511
Benefit Structure: GA, PA, VA, WI
1.00
Benefit Structure: CA, OR
0.83 (0.79-0.87)
<0.0001
Benefit Structure: AZ, TX
0.90 (0.86-0.95)
<0.0001
Benefit Structure: NY, WV, IL
1.14 (1.09-1.18)
<0.0001
Model Statistic Test:
Hosmer and Lemeshow Goodness-of-Fit Test, p=0.1810
Likelihood Ratio Test: p <0.0001
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Table 2. Likelihood of >2 clinician reported diagnosis of Any HTN
Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
1.27 (1.20-1.35)
1.02 (0.96-1.09)
1.17 (1.09-1.26)
1.00
1.30 (1.24-1.36)
1.00
1.27 (1.17-1.38)
3.31 (3.08-3.55)
7.66 (7.13-8.22)
1.00
7.70 (7.31-8.22)
1.00
2.54 (2.40-2.69)
0.99 (0.91-1.07)
1.00
0.75 (0.70-0.81)
0.86 (0.80-0.93)
0.82 (0.76-0.87)

P Value
<0.0001
0.5634
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.7394
<0.0001
<0.0001
<0.0001

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.1904
Likelihood Ratio Test: p <0.0001

Table 3. Likelihood of >1 clinician reported diagnosis of Primary HTN
Adjusted Odds Ratio
Characteristic
(95% Confidence Interval)
P Value
Caucasian Race [Reference]
1.00
African American Race
1.18 (1.05-1.31)
0.0049
Hispanic Race/Ethnicity
0.90 (0.81-1.01)
0.0667
Other Race/Ethnicity
0.87 (0.76-0.99)
0.0330
Female Gender [Reference]
1.00
Male Gender
1.09 (1.00-1.18)
0.0392
Age 0to4 [Reference]
1.00
Age 5to9
1.12 (0.99-1.27)
0.0659
Age 10to14
1.68 (1.51-1.88)
<0.0001
Age 15to17
2.14 (1.90-2.40)
<0.0001
Comorbidity = ‗no‘ [Reference]
1.00
Comorbidity = ‗yes‘
0.73 (0.66-0.80)
<0.0001
TANF Eligibility [Reference]
1.00
SSI Eligibility
0.44 (0.40-0.49)
<0.0001
Other Eligibility
1.03 (0.87-1.21)
0.7533
Benefit Structure: GA, PA, VA, WI
1.00
Benefit Structure: CA, OR
0.84 (0.74-0.96)
0.0130
Benefit Structure: AZ, TX
1.05 (0.90-1.21)
0.5355
Benefit Structure: NY, WV, IL
0.80 (0.71-0.91)
0.0005
Model Statistic Test:
Hosmer and Lemeshow Goodness-of-Fit Test, p=0.3317
Likelihood Ratio Test: p <0.0001
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Table 4. Likelihood of >2 clinician reported diagnosis of Primary HTN
Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
1.00 (0.85-1.17)
0.79 (0.67-0.92)
0.83 (0.69-0.99)
1.00
1.11 (0.99-1.25)
1.00
1.08 (0.89-1.31)
1.72 (1.45-2.03)
2.07 (1.74-2.45)
1.00
0.52 (0.45-0.60)
1.00
0.45 (0.39-0.51)
0.94 (0.75-1.17)
1.00
0.85 (0.71-1.01)
096 (0.80-1.17)
0.88 (0.74-1.04)

P Value
0.9964
0.0030
0.0418
0.0752
0.4274
<0.0001
<0.0001
<0.0001
<0.0001
0.5520
0.0689
0.7067
0.1350

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.2318
Likelihood Ratio Test: p <0.0001

Table 5. Likelihood of >1 clinician reported diagnosis of Secondary HTN
Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
0.73 (0.64-0.85)
1.01 (0.88-1.15)
1.06 (0.90-1.24)
1.00
0.89 (0.81-0.99)
1.00
0.84 (0.73-0.98)
0.54 (0.47-0.62)
0.39 (0.33-0.45)
1.00
0.97 (0.87-1.08)
1.00
1.75 (1.55-1.98)
0.97 (0.79-1.20)
1.00
1.42 (1.20-1.70)
0.91 (0.75-1.11)
1.53 (1.31-1.80)

P Value
<0.0001
0.9190
0.4877
0.0276
0.0219
<0.0001
<0.0001
0.5224
<0.0001
0.7992
<0.0001
0.3330
<0.0001

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.4104
Likelihood Ratio Test: p <0.0001
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Table 6. Likelihood of >2 clinician reported diagnosis of Secondary HTN
Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
0.86 (0.66-1.13)
1.11 (0.85-1.44)
1.16 (0.86-1.55)
1.00
0.87 (0.71-1.05)
1.00
1.01 (0.74-1.37)
0.68 (0.51-0.89)
0.57 (0.43-0.75)
1.00
1.74 (1.34-2.26)
1.00
2.15 (1.73-2.66)
1.35 (0.95-1.92)
1.00
1.50 (1.12-2.01)
0.90 (0.64-1.25)
0.99 (0.74-1.32)

P Value
0.2954
0.4428
0.3271
0.1401
0.9447
0.0054
<0.0001
<0.0001
<0.0001
0.0964
0.0059
0.5145
0.9384

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.3018
Likelihood Ratio Test: p <0.0001
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Appendix I
Table 1. Likelihood of AHT medication dispensing at any time
Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Plan type= Fee-for-Service
Plan type= Risk-based Capitation
Plan type= Other
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
0.89 (0.79-1.01)
0.83 (0.73-0.94)
0.85 (0.73-0.99)
1.00
0.93 (0.84-1.02)
1.00
1.45 (1.21-1.74)
1.68 (1.45-1.96)
2.30 (1.98-2.67)
1.00
1.58 (1.42-1.76)
1.00
2.27 (2.02-2.55)
0.85 (0.71-1.01)
1.00
0.73 (0.64-0.82)
0.96 (0.82-1.11)
1.00
0.98 (0.83-1.17)
0.95 (0.80-1.12)
0.77 (0.66-0.91)

P Value
0.0591
0.0047
0.0472
0.1102
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0713
<0.0001
0.5658
0.8530
0.5113
0.0016

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.3955
Likelihood Ratio Test: p <0.0001
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Table 2. Likelihood of AHT medication dispensing within 30 days of HTN diagnosis
Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Plan type= Fee-for-Service
Plan type= Risk-based Capitation
Plan type= Other
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
1.06 (0.92-1.22)
0.96 (0.81-1.13)
1.03 (0.85-1.25)
1.00
1.03 (0.92-1.16)
1.00
1.26 (1.01-1.58)
1.25 (1.03-1.51)
1.39 (1.16-1.68)
1.00
1.38 (1.21-1.59)
1.00
1.41 (1.23-1.61)
0.79 (0.62-1.00)
1.00
0.79 (0.68-0.91)
0.89 (0.74-1.06)
1.00
0.61 (0.49-0.74)
0.87 (0.72-1.06)
0.84 (0.69-1.01)

P Value
0.4267
0.5877
0.7805
0.6289
0.0407
0.0231
0.0005
<0.0001
<0.0001
0.0459
0.0016
0.1825
<0.0001
0.1621
0.0614

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.1428
Likelihood Ratio Test: p <0.0001
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Table 3. Likelihood of AHT medication dispensing within 90 days of HTN diagnosis
Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Plan type= Fee-for-Service
Plan type= Risk-based Capitation
Plan type= Other
Benefit Structure: GA, PA, VA, WI
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Model Statistic Test:

Adjusted Odds Ratio
(95% Confidence Interval)
1.00
1.07 (0.94-1.23)
0.92 (0.79-1.07)
1.02 (0.86-1.22)
1.00
1.03 (0.92-1.58)
1.00
1.28 (1.04-1.58)
1.41 (1.18-1.68)
1.61 (1.36-1.92)
1.00
1.27 (1.13-1.44)
1.00
1.40 (1.24-1.59)
0.68 (0.55-0.85)
1.00
0.79 (0.69-0.91)
0.93 (0.79-1.10)
1.00
0.75 (0.62-0.91)
0.95 (0.79-1.13)
0.90 (0.76-1.08)

P Value
0.3255
0.2528
0.8133
0.6559
0.0197
0.0001
<0.0001
0.0001
<0.0001
0.0006
0.0008
0.4108
0.0039
0.5525
0.2467

Hosmer and Lemeshow Goodness-of-Fit Test, p=0.2292
Likelihood Ratio Test: p <0.0001
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Appendix J
Table 1. General Characteristics of Youth with Primary Hypertension according to
Persistence Status at 60 days Post-Index Prescription

Persistent
Yes
c

Characteristic
Total
Gender
Female
Male
Age Group
0 to 4 years
5 to 9 years
10 to 14 years
15 to 17 years
Race/Ethnicity
Caucasian
African American
Hispanic
Other
Elixhauser Comorbidity
None
>1
Medicaid Eligibility
TANF
SSI
Other
Managed care plan type
Fee-for-Service
Risk-based Capitation
Other
Similar State Medicaid
Benefit Structure
1- (GA, PA, VA, WI)
2- (CA, OR)
3- (AZ, TX)
4- (NY, WV, IL)

No

p-value

n
110

%
26.19

n
310

%
73.81

161
259

38
72

23.60
27.80

123
187

76.40
72.20

54
66
128
172

17
22
34
37

31.48
33.33
26.56
21.51

37
44
94
135

68.52
66.67
73.44
78.49

155
119
79
67

44
32
18
16

28.39
26.89
22.78
23.88

111
87
61
51

71.61
73.11
77.22
76.12

109
311

27
83

24.77
26.69

82
228

75.23
73.31

214
172
34

53
46
11

24.77
26.74
32.35

161
126
23

75.23
73.26
67.65

0.6314

240
89
91

69
21
20

28.75
23.60
21.98

171
68
71

71.25
76.40
78.02

0.3756

99
78
96
147

23
17
26
44

23.23
21.79
27.08
29.93

147
108
147
200

76.77
78.21
72.92
70.07

Total
420

0.3416

0.2140

0.7829

0.6952

0.5116
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Table 2. General Characteristics of Youth with Primary Hypertension according to
Persistence Status at 120 days Post-Index Prescription

Persistent
Yes
c

Characteristic
Total
Gender
Female
Male
Age Group
0 to 4 years
5 to 9 years
10 to 14 years
15 to 17 years
Race/Ethnicity
Caucasian
African American
Hispanic
Other
Elixhauser Comorbidity
None
>1
Medicaid Eligibility
TANF
SSI
Other
Managed care plan type
Fee-for-Service
Risk-based Capitation
Other
Similar State Medicaid
Benefit Structure
1- (GA, PA, VA, WI)
2- (CA, OR)
3- (AZ, TX)
4- (NY, WV, IL)

No

p-value

Total
653

n
2162

%
24.81

n
491

%
75.19

250
403

60
102

24.00
25.31

190
301

76.00
74.69

85
95
213
260

33
31
48
50

38.82
32.63
22.54
19.23

52
64
165
210

61.18
67.37
77.46
80.77

227
192
134
100

65
45
29
23

28.63
23.44
21.64
23.00

162
147
105
77

71.37
76.56
78.36
77.00

189
464

42
120

22.22
25.86

147
344

77.78
74.14

360
242
51

83
63
16

23.06
26.03
31.37

277
179
35

76.94
73.97
68.63

0.3743

358
142
153

91
37
34

25.42
26.06
22.22

267
105
119

74.58
73.94
77.78

0.6912

160
113
155
225

41
28
35
58

25.63
24.78
22.58
25.78

119
85
120
167

74.38
75.22
77.42
74.22

0.7063

0.0007

0.4120

0.3288

0.9003

African American Youth
N=248

Caucasian Youth
N=276

Hispanic Youth
N=181

Other Youth
N=120

Unadjusted Persistence Curves Stratified by Race/Ethnicity
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Appendix K
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Appendix L
Table 1. Unadjusted Hazard Ratios of Antihypertensive Therapy Discontinuation

Characteristic
Caucasian Race [Reference]
African American Race
Hispanic Race/Ethnicity
Other Race/Ethnicity
Female Gender [Reference]
Male Gender
Age 0to4 [Reference]
Age 5to9
Age 10to14
Age 15to17
Comorbidity = ‘no’ [Reference]
Comorbidity = ‘yes’
TANF Eligibility [Reference]
SSI Eligibility
Other Eligibility
Plan type= Fee-for-Service
Plan type= Risk-based Capitation
Plan type= Other
Benefit Structure:
Benefit Structure: CA, OR
Benefit Structure: AZ, TX
Benefit Structure: NY, WV, IL

Unadjusted Hazard Ratio
(95% Confidence Interval)
1.00
1.08 (0.90-1.29)
1.08 (0.89-1.31)
1.03 (0.82-1.28)
1.00
1.02 (0.85-1.18)
1.00
0.78 (0.61-0.99)
1.08 (0.91-1.28)
1.22 (1.04-1.44)
1.00
0.83 (0.66-0.99)
1.00
0.77 (0.65-0.92)
0.78 (0.56-1.08)
1.00
1.15 (0.94-1.39)
1.15 (0.95-1.40)
1.00
1.22 (0.99-1.53)
0.92 (0.76-1.12)
0.87 (0.73-1.04)

P Value
0.3796
0.4582
0.8290
0.9849
0.0449
0.4088
0.0171
0.0438
0.0037
0.1352
0.1704
0.1414
0.0571
0.4177
0.1172

128

Appendix M
Table 1. Cox Proportional Hazards Model with Main Effects [Excludes Comorbidity
and SSI Eligibility]
Adjusted Hazard Ratio
Characteristic
(95% Confidence Interva1)
P Value
Caucasian Race [Reference]
1.00
African American Race
1.15 (0.94-1.41)
0.1807
Hispanic Race/Ethnicity
1.18 (0.94-1.47)
0.1469
Other Race/Ethnicity
1.23 (0.95-1.59)
0.5800
Age 0to4 [Reference]
1.00
Age 5to9
1.10 (0.78-1.54)
0.1112
Age 10to14
1.47 (1.10-1.97)
0.0086
Age 15to17

1.57 (1.18-2.09)

0.0019

Other Youth
N=120

N=181

Hispanic Youth

Caucasian Youth
N=276

African American Youth
N=248

Adjusted Persistence Curves Stratified by Race/Ethnicity
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Appendix O
Cox Regression Model- Full Adjusted Model with Interactions

Model Fit Statistics:

Criterion

Without
Covariates

-2 LOG L 7308.644
AIC
7308.644
SBC
7308.644

With
Covariates
7259.740
7305.740
7406.638

Testing Global Null Hypothesis: BETA=0
Test
Likelihood Ratio
Score
Wald

Chi-Square

DF

Pr > ChiSq

48.9042
48.4622
47.4584

23
23
23

0.0013
0.0015
0.0020

NOTE: raceb= African American Race; raceh= Hispanic Ethnicity; raceo=Other Race/Ethnicity;
eci= Elixhauser Comorbidity; SSI=SSI Eligibility
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Appendix P

Table 1. Persistence Analysis- Race/Ethnicity by Age Group among Youth Diagnosed with Primary
Hypertension and Dispensed Antihypertensive Medications (N=825)
Age Group
Race/Ethnicity

Total

0 to 4
years
n
%
33
11.96

5 to 9
years

10 to 14
years
n
%
88
31.88

n
%
Caucasian
276
34
12.32
African
248
18
7.26
31
12.50
88
American
181
24
13.26
28
15.47
64
Hispanic
120
31
25.83
20
16.67
36
Other
Chi-square test, p<0.0001 for Age Group and Race/Ethnicity
Row % reported

15 to 17
years
n
%
121
43.84

35.48

111

44.76

35.36
30.00

65
33

35.91
27.50

Table 2. Persistence Analysis- Race/Ethnicity by Medicaid Eligibility Group among Youth Diagnosed
with Primary Hypertension and Dispensed Antihypertensive Medications (N=825)

Medicaid Eligibility
Race/Ethnicity

TANF

Total
n

SSI
%

n

Other
%

Caucasian
276
166
60.14
77
27.90
African
248
148
59.68
79
31.85
American
181
119
65.75
53
29.28
Hispanic
120
39
32.50
78
65.00
Other
Chi-square test, p<0.0001 for Medicaid Eligibility and Race/Ethnicity
Row % reported

n

%

33

11.96

21
9
3

8.47
4.97
2.50
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