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Abstract

Antihypertensive treatment modifications (TMs)—addition, uptitration, switching, and
downtitration—often are necessary to address issues such as unattained blood pressure
(BP) goals, adverse drug events, drug cost, or patient dissatisfaction with first-line
treatment. Despite a high prevalence, our understanding of TMs is limited. The
objectives of this dissertation were: (a) to assess the patterns of TMs, (b) to compare
adherence across the TM strategies and assess the factors associated with adherence,
and (c) to compare the healthcare costs across TM strategies and understand its
association with adherence.

A retrospective cohort study of the BlueCross-BlueShield of Texas claims database
(2008-2012) was conducted. A total of 21,642 newly treated patients were followed for
12 months to determine if and when they received a TM. Adherence (measured as
proportion of days covered (PDC)) and costs were compared over a 12-month duration.
Cox regression models were used to determine the likelihood of TM and
discontinuation, while generalized linear models were used to compare adherence and
costs. About 48.5% of patients received TMs within one year of initiating treatment.
Rates of TM were significantly different across drug classes (P<0.05). Patients adding
medications were about 25% (vs. uptitration) and 50% (vs. switching) less likely to
discontinue treatment. Adherence was lowest in the addition group (mean=0.68 = 0.27).

The odds of adherence was lower for the free-pill combination (FPC) group but higher



for the fixed-dose combination (FDC) group compared to other TM strategies (P<0.05).
The total all-cause annual healthcare costs were higher for addition and downtitration
compared to other competing strategies (P<0.001). Drug costs were higher for addition
compared to alternative strategies (P<0.0001). However, the costs of hypertension and
cardiovascular-related inpatient visits were lower for the FDC group compared to the
uptitration ($11,348.8 lower; P=0.004) and switching ($2,655.41 lower; P=0.19) groups.
Overall, the use of FDCs appear to be an advantageous intensification strategy while
switching of medication may be a preferred approach over downtitration. Further
research is required to understand the long-term cost-effectiveness of alternative TM
strategies and the actual relationship of these findings with BP control and long-term

outcomes.
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CHAPTER ONE: INTRODUCTION
1.1 Overview
Hypertension is one of the most common chronic conditions, affecting one out of every
three adults in the US.! Pharmacotherapy is effective for the treatment of hypertension,?
and approximately 70% of diagnosed patients use antihypertensive drugs to treat the
condition.! Most patients initiating antihypertensive therapy are treated with
monotherapy. Data from observational studies show that about 50-75% of hypertensive
patients undergo modifications in their antihypertensive regimen within the first year of

treatment initiation.3-¢

Patients undergo treatment modifications (TMs) due to various reasons including
inadequate blood pressure (BP) control, adverse drug events, poor adherence, costs,
and patient dissatisfaction.” Inadequate BP control is one of the most common reasons
for TM. Data from randomized controlled trials (RCTs) suggest that only about 50% of
the patients treated with monotherapy will achieve BP goal.®*! Studies have shown that
even with high adherence to first-line monotherapy, less than half of the patients
manage to attain recommended BP level.'2'2 TM is critical for intensifying treatment of
patients who fail to attain BP goal after first-line treatment.'#16 Intensification of
treatment regimens are prevalent among newly treated hypertensive patients.’1’
Another common reason for TM is adverse events. Antihypertensive drugs have dose
dependent ADEs; therefore, patients may be prescribed a lower dose of the current
drug. Alternatively, the healthcare provider may switch the drug. Similarly, concerns
regarding costs, patient dissatisfaction, contraindications, and poor adherence are often
addressed by modifying the patient’s treatment regimen. Such modifications can be
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broadly classified into — titration (both increase and decrease) of the dose, addition of
another drug or using combination therapy, and switching of the drug. Modifications of
antihypertensive regimens are crucial for the management of hypertension. Although

TMs are highly prevalent, their implications on patients’ adherence and the healthcare

costs are not well understood.

One of the key aspects of pharmacotherapy of any disease is adherence. Adherence to
the treatment regimen has been shown to be associated with BP control,13:18.1°
decreased hospitalizations,?°?? and lower medical care costs.??:2324 Persistent use of
antihypertensive drugs has been shown to increase the odds of BP goal attainment by
40%.2°> Adherence is also associated with long-term reduction of the risk of
cardiovascular (CV) and cerebrovascular events.?%2326 The risk of a CV event is
reduced by more than 50% in patients who are adherent to antihypertensive drugs,
compared to their low-adherent counterparts.?’” Non-adherence to the modified regimen
has been shown to significantly reduce the likelihood of BP control after TM.28 Currently
there are no preferred strategies for TM. For example, to intensify treatment, the
provider may increase drug dose or add another drug to the regimen. Also, both
switching of drug or reduction of drug dose are reasonable alternatives for managing
poor tolerance. These alternative strategies have not been compared in terms of
adherence. A strategy with a better adherence profile will lead to better short-term (i.e.,
BP control) and long-term (i.e., CV risk) outcomes. Hence, it is important to compare

patients’ adherence to the TM strategies.

Patients’ healthcare costs are expected to change if and when TM is required.?®

Changes in the cost of medications are most obvious with TMs such as up-titration of

2



dose, addition of drugs, or switching that are likely to increase the medication costs.
Clinical practice guidelines recommend monthly follow-up for newly treated patients
undergoing TMs; thus, utilization of ambulatory visits and outpatient visits may also
contribute to increase in health care expenditures.? Previous studies suggest that TMs
are associated with increases in the total healthcare expenditure.3%-32 However, the
differences in healthcare costs across the TM strategies, if any, have not been studied
before. Because adherence is required for attaining BP goals and it is strongly
associated with reduction in healthcare costs,?%2324 it is important that we understand

its role in determining the healthcare costs after TM.

The objectives of the proposed study are: (a) to assess the patterns of TMs among
patients previously treated with first-line antihypertensive drugs, (b) to compare
adherence across the TM strategies, and assess the factors associated with adherence,
and (c) to estimate and compare the total healthcare costs across TM strategies and
understand the impact of adherence on costs. Understanding the differences between
TM strategies will be helpful to the patients and healthcare provider for choosing a TM

strategy with the most beneficial outcomes.



1.2 Specific Aims
We identified three specific aims to examine the outcomes of TM. The aims of this study

were as follows-

Aim 1: To determine the rates of TM among patients treated with first-line
antihypertensive drugs, and to compare the rates of discontinuation across TM

strategies.

We determined the rates of TM across first-line monotherapy drugs including —
diuretics, beta-blockers, calcium channel blockers (CCBs), angiotensin converting
enzyme inhibitors (ACEIs), and angiotensin receptor blockers (ARBsS). Patients starting
treatment with first-line antihypertensive drugs were followed for 12-months duration
from their index prescription fill date to identify TMs. We used descriptive statistics to
summarize the type of TM at follow-up according to the first-line monotherapy drug
class. Cox proportional hazards models were used to determine the likelihood of TM
across drug classes, and the discontinuation rates across TM strategies for each

monotherapy drug class.

Aim 2: To determine the adherence rates and characterize factors associated with
adherence after TM among patients previously treated with first-line

antihypertensive drugs.

Adherence to the modified regimen was calculated using the proportion of days covered
(PDC) for the four groups (switching, addition, downtitration, and uptitration). Adherence

was measured as both continuous and categorical outcome. Factors that were



assessed include health services utilization, use of concomitant antidiabetic or

antihyperlipidemic drugs, and existing CV conditions.

Aim 3: To determine healthcare utilization costs, and examine the association of
adherence with healthcare utilization costs after TM among patients previously

treated with first-line antihypertensive drugs.

Total healthcare costs including inpatient, outpatient, and drug costs were compared
after TM. Costs of individual components — inpatient, outpatient, and drug costs — were
also compared across TM strategies. We also examined the association between

adherence and costs after TM.



1.3 Importance of proposed research

Antihypertensive drugs have been shown to be effective and safe in the treatment of
hypertension. Several antihypertensive drugs are available, and these drugs are
prescribed as monotherapy or in combination. More than one-third of hypertensive
patients in the US have Stage | hypertension33, and the recommended first-line
treatment for these patients is monotherapy.? A large number of patients who start with
monotherapy undergo TMs due to poor efficacy, adverse events, costs, or other
reasons. The treatment regimens of these patients are modified by one of the following
strategies: A. titration of the initial monotherapy, B. addition of a second drug, or C.
switching to another drug. Currently there is no strategy that is recommended as a
preferred strategy by clinical guidelines. Literature suggests that about 50%-75% of
patients receive TM within 12 months of initiating hypertension treatment.3¢ However,
the prescribing patterns TM strategies are not well understood. Knowledge of
prescribing patterns of these strategies will be useful to understand the current
preferences for a TM strategy when the initial pharmacotherapy regimen cannot be
continued. In addition, it will also help us understand the issues underlying with
antihypertensive drugs currently used as first-line monotherapy such as poor efficacy
and ADEs which are addressed through TMs by intensification, switching, or

deintensification.

Only a few published studies have assessed the outcomes of TM strategies
(summarized in section 2.5.1). However, outcomes of alternative strategies have not
been compared previously. A comparative assessment of these strategies is important
because outcomes of these strategies have been shown to vary considerably. Notable
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differences in adherence and costs have been documented in studies that evaluated
these parameters after titration of drugs, addition, and switching of antihypertensive
medications. For example, clinical guidelines for hypertension recommend increase of
dose or addition of drugs as TM strategies for patients requiring aggressive treatment.34
Similarly, for those patients who require TMs due to adverse events the provider can
choose between decreasing drug dose vs. switching to a different drug. Most patients
receive TMs based on their provider’s preference as there is no preferred approach
recommended by guidelines. A comparative assessment of these strategies will be

informative for physicians and patients for decision-making when a TM is required.

In this study we proposed to: 1. Determine the patterns of TMs and rates of
discontinuation, 2. Compare the adherence profile and associated factors across TM
strategies, and 3. Estimate healthcare costs associated with these strategies and the
impact of adherence on these costs. Several empirical studies have assessed the
patterns of persistence among patients treated with first-line drugs. Data from these
studies show that TMs are common.3-® Therefore, in the first Aim of our study we
assessed the patterns of TMs across antihypertensive drug classes. We also
determined the likelihood of TM across these drug classes. This information will be
useful to understand the underlying issues of first-line drugs and the current trends in
approaches physicians take to resolve them. Also, the time-to-TM will help us
understand time-line for TMs in the real-world and recognize area of needed
improvements, if any. Finally, comparing discontinuation rates across strategies will be

useful to determine differences in patients’ persistence to their regimen.



Adherence to the modified regimen is essential for BP goal attainment.?® Therefore, in
Aim 2 of our study we determined and compared adherence across the TM strategies.
Additionally, factors associated with adherence will be examined. Knowledge of
adherence to the TM strategies will inform the providers regarding the adherence rates
expected from TM strategies. It will help to inform healthcare providers of factors
associated with adherence among patients who receive TMs. Finally, in Aim 3 we
compare the healthcare costs between TM strategies and the association of adherence
with these costs. Data from the previous studies suggests that TMs are associated with
changes in the healthcare costs.%-3? TMs have a direct impact on the costs of
medications. Frequency of ambulatory and outpatient visits for follow-up with the
healthcare provider after TMs also contribute to increase in the burden of costs. There
is limited knowledge about the implication of TMs on inpatient costs.3? In addition, the
effects of patients’ adherence on healthcare costs are not well understood. One study
that estimated health care costs after uptitration showed that higher adherence was
associated with lower health care expenditure after uptitration (R=-0.97 ; P<0.05).3°
Another study reported that switching and discontinuation of drugs constitute nearly
20.8% and 31.1% of total costs of hypertension, respectively.3® Knowledge of the costs
of TM and the impact of adherence on these costs will be a useful resource for
providers and patients to understand the costs of TMs. For public and private insurers,
and managed care organizations, information on excess cost burden associated with
TMs will be useful for designing cost containment strategies for these patients. We have
summarized the current evidence, gaps in literature, and the importance of this study in

Table 1.



Table 1: Current evidence, gap in literature, and importance of the study on treatment
modifications of antihypertensive regimens.

Evidence Gap Importance of study

. Stage | . What are the 1. Assessed current
hypertensive current rates of TM patterns of TMs
patients initiate after treatment with after first-line
monotherapy first-line treatment
treatment. monotherapy 2. Determined the

. 50-75% of these drugs? real-world time-to-
patients undergo . How much is the TM after first-line
treatment time-to-TM from treatment
modifications (TMs) initiation of first-line 3. ldentified
within 12-months of treatment? differences in the
treatment. . How long do persistence patterns

. Reasons for TM patients continue to between T™M
include uncontrolled stay on treatment strategies.

BP, adverse events, and is there a Aim 1
drug cost, and difference across

patient TM strategies?

dissatisfaction.

. Clinical outcomes . Does adherence 1. Determined and
(blood pressure vary between two compared
control and adverse competing TM adherence across
events) may vary by strategies? TM strategies.
type of TM. . What factors are 2. ldentified factors

. Adherence is associated with associated with
significantly adherence after a adherence after TM.
associated with T™M? Aim 2
outcomes after TM.

. Costs of health . Do healthcare costs 1. Determined and
services utilization vary across TM compared costs
are higher for strategies? across TM
patients who . Is there an strategies.
undergo TMs association between 2. Examined the
compared to those adherence and association between
who do not. costs after TM? adherence and

costs.
Aim 3




CHAPTER TWO: BACKGROUND AND LITERATURE REVIEW

2.1 Hypertension

2.1.1 Prevalence

Hypertension is one of the most common chronic diseases in the US. It is defined as a
systolic BP greater than or equal to 140 mm Hg, or diastolic BP greater than or equal to
90 mm Hg.? In 2013, approximately 77.9 million individuals in the US were estimated to
have hypertension; thus, one out of every three adults in the US suffers from
hypertension.?’ It is estimated that by 2030, the prevalence of hypertension will rise by

7%.37

The prevalence of hypertension varies by its stages. The current guidelines for
hypertension classify hypertension into two stages according to the BP level. Patients
with systolic BP in the range of 140-150 mm Hg and/or diastolic BP of 90-99 mm Hg are
classified as stage 1, while those with systolic BP 2160 mm Hg and/or diastolic BP 2100
mm Hg are classified as stage 2. According to a study of the National Health and
Nutrition Examination Survey (NHANES), about 36% of the population has stage 1
hypertension, while about 11% of the population has stage 2 hypertension.®® The stage-
wise prevalence of hypertension was stable during the past decade. The prevalence of
Stage 1 hypertension (systolic/diastolic BP 140-159/90-99 mm Hg), prehypertension
(systolic/diastolic BP, 120-139/80-89 mm Hg), and normal BP (<120/<80 mm Hg) did

not change significantly from 1998-2008.33

Significant demographic disparities exist in the prevalence of hypertension. Age-wise,

the prevalence of hypertension is highest among adults aged 60 years and over (about
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65%).38 However, in recent years, a significant increase among adults between the age
groups of 18-39 years and 40-59 years has been reported.3® Sex disparities in the
prevalence of hypertension have also been reported. A higher number of men were
diagnosed with hypertension compared to women from 1988 to 2008.32 The prevalence
of hypertension is high among men until age 45, and from ages 45-64 the prevalence is
the same for men and women; however, the prevalence among women increases for
ages 64 years and greater.3” The burden of hypertension varies by race and a higher
number of cases are reported among non-Hispanic Blacks (about 41%), followed by

non-Hispanic Whites (28%) , and Mexican-Americans (22%).4°

2.1.2 Awareness

According to a study of the NHANES, from 2007 to 2010, about 82% of the adults with
hypertension were aware of their condition.®” Awareness was higher among women
compared to men, and was significantly higher among patients aged 40-50 years
compared to other ages.3® Highest awareness of hypertension has been reported
among non-Hispanic Blacks, followed by non-Hispanic Whites, and Mexican-

Americans.*0

2.1.3 Treatment

From 1988 to 2000 the proportion of hypertensive patients who received treatment for
their condition has increased by about 6%.3° According to the most recent estimates,
about 75% of hypertensive patients receive treatment for the condition.3” Nearly 93% of
patients are prescribed lifestyle modifications or pharmacotherapy; of these, patients
who take a prescription medication account for almost 85% of the treated patients.38
Hypertension treatment rates vary demographically. Among hypertensive patients aged
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18-59 years, men have a lower odds of being treated compared to women; however for
patients aged 60 and above, the odds do not differ by sex.*® Treatment of hypertension
is low among Hispanic-Americans compared to non-Hispanic Blacks and non-Hispanic

Whites.38:40

2.1.4 Control

Attainment of the recommended BP goal is important for CV risk reduction. Therefore,
only reducing patients’ BP level may not be significant for management of hypertension,
and attainment of target BP goal is crucial. The recommended BP goal by Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
(JNC)-8 for patients aged 18-59 years is <140/90 mm Hg while for elderly patients it is
<150/90 mm Hg.** Moreover, patients with certain clinical conditions such as diabetes
and chronic kidney diseases have a recommended a goal of <130/80 mm Hg by the
National Kidney Foundation — Kidney Disease Outcomes Quality Initiative.*?> According
to a recent study of the NHANES, only about 48% of treated patients have their BP
under control.®” Out of the total patients treated with pharmacotherapy, only 64% attain
the recommended BP goal.*? Rates of hypertension control is reportedly lower among
women, Mexican Americans, and those aged 60 years or older compared with men,

younger individuals, and non-Hispanic whites.3°

2.1.5 Burden of disease

Hypertension is a major risk factor for CVD and diseases of the kidney. Statistics
suggest that of the 69% of people who have a first heart attack, 77% of the people who
have a first stroke, and 74% of the people with chronic heart failure had a history of
hypertension.*® The annual direct medical expenses for hypertension are about $47.5
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billion, while the loss of productivity due to the condition accounts for $3.5 billion
annually.** These consequences may be attenuable if patients receive timely treatment

for hypertension and attain BP goal.*?

2.2 Treatment

2.2.1 Treatment strategies
One or more of the following strategies are currently used for the treatment of

hypertension —

a) Lifestyle modification

Dietary modification is an effective strategy to treat hypertension. This includes healthy
eating habits, maintaining a healthy weight, physical activity, reducing of salt intake,
reducing alcohol consumption, and avoiding tobacco smoke. The effectiveness of
lifestyle modification in reducing BP ranges from 2 to 20 mm of Hg.? Unfortunately, not
many patients adhere to a healthy lifestyle or may not attain BP goals with lifestyle
modifications alone; hence, pharmacotherapy is required to treat most patients. The
recommended lifestyle modifications and their effectiveness in BP reduction are

summarized in Table 2.

Table 2: Lifestyle modifications to prevent and manage hypertension.?”

Modification Recommendation Approximate SBP
reduction (Range)'
Weight reduction Maintain normal body 5-20 mmHg/10kg

weight (body mass index
18.5-24.9 kg/m?).
Adopt DASH eating plan Consume a d