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Abstract 

Purposes: The purpose of this study was threefold. First, to examine how both the 

effectiveness of valsartan centric regimens and the patient-related factors affect the control 

rates of the Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP) and combined 

SBP/DBP; specifically for Belgian patients with a history of failed or intolerant anti-

hypertensive treatment.  Secondly, to assess the effectiveness of valsartan treatment groups 

and the related factors concerning a patients’ total cardiovascular risk (TCVR) residuals.  

Lastly, to attempt to estimate the cost avoidance factor associated with taking varying levels 

of valsartan treatment doses.  

Methodology:  This research took the form of a secondary-data analysis study, focusing on 

the analysis of data collected primarily from seven prospective studies conducted between 

2004 and 2009, covering different regimens of valsartan. The variants of valsartan doses 

given to patients included: valsartan monotherapy (80mg or 160 mg); a combination of 

valsartan with hydrochlorothiazide (HCTZ) (80 mg and 12.5mg, 160mg and 12.5 mg, or 

160mg and 25mg); and a combination of valsartan with amlodipine (80mg and 5mg, 160mg 

and 5mg, or 160mg and 10mg). We applied Bailey’s approach, using Kaplan-Meier curves to 

estimate the distribution of treatment intensity at which the target rates of SBP, DBP and 

SBP/DBP were achieved. The treatment intensity was calculated by dividing the daily dose 

prescribed to a patient by the maximum daily recommended dose of that particular drug 

variant. The outcomes provided by Bailey’s approach included the control rates of SBP, DBP 

and combined SBP/DBP, in addition to the reduction in TCVR residuals. Another aspect of 

our methodology was the use of a simulation method to estimate the cost avoidance by using 

valsartan treatment groups. We used OCED data to compare health indicators between the 
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US and Belgium in order to estimate the ratio enabling us to calculate the cost of 

hypertension per patient per year. This cost was then used in the simulation method to 

calculate the cost avoidance of using varying levels of the treatment intensity of valsartan 

regimens.   

Results:  A total of 17,683 patients were included in this study, contributed to by 3,434 

physician-investigators. The mean age of the population was 63.63 + 11.83 years, with a 

mean BMI of 28.45 + 3.13 kg/m^2 and 47.7% of the population was male and the vast 

majority of the total population was Caucasian (98%).  As a baseline the total population who 

had controlled SBP, DBP and combined SBP/DBP were 1358, 5301 and 1091 respectively. 

The total population who were categorized as low added risk TCVR, moderate added risk 

TCVR, high added risk TCVR, and very high added risk TCVR were 192; 3,721; 3,888 and 

9,362 respectively. Overall, there was a statistically significant increase in the proportion of 

patients with controlled SBP, DBP and combined SBP/DBP after 90 days of starting on 

valsartan-centric regimens (p<0.001). Both older age and the presence of diabetes were 

associated with a lower control rate of SBP, DBP and combined SBP/DBP (P<0.05). High 

adherence to valsartan-centric regimens was associated with an increase in the control rates 

of blood pressure.  Substantial reductions in total cardiovascular risk, particularly in the very 

high added-risk category was observed 5,852 times (33.1%) (P < 0.001) and an increase in 

the low added risk TCVR 3,331 times (18.9%) (p<0.001). The associated cost avoidance with 

varying levels of treatment intensity were dose related.  The cost avoidance associated with 

the treatment intensity levels of 0.25, 0.5, 0.75, 1.0 and 1.5 were $261,164; $2,403,188; 

$6,384,142; $ 8,702,272 and $10,230,321, respectively. 
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Conclusion: The different levels of the treatment intensity of valsartan-centric regimens 

were effective in increasing the control rates of SBP, DBP and combined SBP/DBP in the real 

practice for patients whose prior treatment failed. Not only did valsartan regimens improve 

the BP control rate, they also reduced the TCVR residuals. Additionally, substantial cost 

avoidance was found to be associated with the use of higher levels of treatment intensity. 

These results may support the idea that intensive anti-hypertensive treatment may be 

associated with higher clinical and economic benefits for both patients and payers. However, 

more research might be needed to validate our results and to address the questions of 

adverse effects that may be associated with intensive anti-hypertensive therapy and the 

economic consequences of treating any such effects. 
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Chapter One: Introduction 

1.1 Statement of the problem 

           Hypertension, also known as high or elevated blood pressure (BP), is known to be the 

leading cause of cardiovascular and renal morbidity, as well as mortality (Elperin et al., 2014; 

Olomu et al., 2013; Chazova et al., 2011; Schrader et al., 2009). In fact, recent studies 

suggested that hypertension to be the number one cause of death worldwide (Go et al., 2014; 

Khan et al., 2014; Basile et al., 2012; Chazova et al., 2011; Chobanian 2009; Destro et al., 2010; 

Neutel 2005). According to the World Health Organization (WHO) high BP is responsible for 

9.4 million deaths annually worldwide and accounts for 45% of cardiovascular mortality and 

51% of stroke mortality (WHO 2013).  The most recent guidelines, American (James et al., 

2014) and European (Mancia et al., 2013), define hypertension as systolic blood pressure 

(SBP) being greater than or equal to 140mmHg (SBP >140mmHg) and diastolic blood 

pressure (DBP) being greater than or equal to 90mmHg (DBP >90mmHg). The previously 

known adjustment of BP being greater than or equal to 130/80mmHg, for patients with a 

target organ disease or diabetes, has been eliminated (Mancia et al., 2013). Evidence 

provided by controlled and non-controlled studies suggest high efficacy and effectiveness of 

antihypertensive agents; however, hypertension continues to be a major public health threat 

(Chobanian et al., 2009).  

        One billion adults worldwide are believed to be hypertensive and this is projected to rise 

to 1.56 billion by the year 2025 (Elperin et al., 2014; Khan et al., 2014).  Prevalence rates 

vary geo-economically up to 70 % in low-income countries as opposed to 20% to 50% in 

middle and high-income countries (Kizilirmak et al., 2013). In European countries, for 

example, the overall prevalence of uncontrolled BP accounts for 30–45% of the general 
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population, in addition to a significant increase associated with ageing (Mancia et al., 2013) 

while in North America, the prevalence of hypertension was slightly lower in range with 

19.7–21.6% in Canada compared to 22.7-28.5% in USA (Egan et al., 2010; McAlister et al., 

2011). The prevalence of hypertension can also be a significant determinant of health in poor 

countries, such as Sub Saharan Africa, where the number of hypertensive adults was 80 

million in 2000 and the affected population is expected to double by 2025  (Vijver et al., 

2013).  

           As a result of this high prevalence of hypertension, there is a significant economic 

burden on health care systems around the world taking into account the number of affected 

patients, their respective families, the healthcare expenditures associated with treatment (or 

lack thereof) of BP, and its complications (Go et al., 2014; Elliott 2008; Saunders et al., 2008). 

For example, in the United States, the estimated direct and indirect costs (i.e., loss of 

productivity) of hypertension management totaled to $69.9 billion in 2008 (Go et al., 2014).   

            The efficacy of the six classes of approved anti-hypertensive agents has been 

extensively documented (Kizilirmak et al., 2013). However, hypertension control rates 

remain unsatisfactory worldwide, suggesting a gap in translation between the efficacy and 

effectiveness of these drugs documented from controlled clinical trials to clinical practice 

(Khatib et al., 2014; Desai et al., 2013; Abraham et al., 2011; Chobanian 2009; Ogedegbe 

2008; Borzec et al., 2005). This gap has been attributed to several patient and physician-

related factors which are considered as barriers to achieve the target BP (Harle et al., 2013; 

Khatib et al., 2014; Odedosu et al., 2012, Nelson et al., 2011, Ogedegbe 2008; White 2008; 

Borzec et al., 2005; Bosworth et al., 2002). The target BP is defined as SBP being less than 

140mmHg and DBP being less than 90 mmHg and <130/80 mmHg for diabetic patients 
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(Bailey et al., 2008). Common patient-related factors include: age, gender, failure to adhere 

to prescribed medications and negative patient beliefs about hypertension and its treatment 

(White 2008, Ogedegbe 2008). On the other hand, physician-related factors include late 

initiation of drug treatment or late intensification of treatment if: a prior line of treatment 

has not been effective (also known as clinical inertia (CI) or therapeutic inertia), non-

adherence to antihypertensive guidelines, physician bias and/or inadequate communication 

with patients (Harle et al., 2013; Bailey et al., 2008; White 2008; Ogedegbe 2008; Olvieria et 

al., 2002).  Perhaps the most important patient and physician-related factors that may have 

significant impact on BP are medication non-adherence and CI (Harle et al., 2013; White 

2008; Ogedegbe 2008).  

             CI refers to the delayed initiation of an appropriate, initially antihypertensive, 

treatment regimen or the delayed intensification of treatment if the previous line of 

treatment was inadequate to reach the target level BP (Huebschmann et al., 2012; Phillips et 

al., 2001).  In other words, CI occurs when clinicians fail to determine the appropriate anti-

hypertensive drug or dose intensity when it is needed in order to reach BP targets (Phillips 

et al., 2001).  The failure of physicians to initiate or intensify the treatment is attributed to at 

least three main factors: the lack of updated information and knowledge regarding the 

hypertension and medicines, overestimation the care provided and use “soft” reasons to 

avoid or delay intensification of the treatment (Phillips et al., 2001; Ogedegbe 2008). CI can 

have a significant impact not only on a patient’s life but also on the overall cost of managing 

the hypertension (O’Connor et al., 2005; Lebeau et al., 2014). For example, CI may lead to 

increase in number of visits to the physicians’ offices, which as a result would increase the 

cost burden of treating hypertension (O’Connor et al., 2005; Lebeau et al., 2014). Therefore, 
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addressing this problem on the clinicians’ behalf would be a key intervention for targeting 

optimal BP control (Huebschmann et al., 2012; Glynn et al., 2010). 

         Most studies on antihypertensive agents use BP values and/or control rates as the 

outcome of interest (Mancia et al., 2013), but recent studies have also attempted to extend 

this to include total cardiovascular risk (TCVR) (Lins et al., 2011; Lins et al., 2011; Abraham 

et al., 2011). European guidelines (Mancia et al., 2013) recommend that TCVR be assessed 

systematically in all patients with high BP and also be used as a function for grading the 

intensity of anti-hypertension treatment (Lins et al., 2001; Lins et al., 2011, Abraham et al., 

2011). This assessment can be conducted based on the SCORE models that estimate a 

patients’ 10-year risk of fatal CV disease within different European countries (Conroy et al. 

2003, Abraham et al., 2011). 

       The study reported here aimed to develop models in order to better predict the 

probability of achieving BP control, as well as reduce TCVR as a function of variations in 

valsartan treatment intensity. Valsartan is an angiotensin receptor blocker (ARB) which 

selectively blocks the binding of angiotensin II to the angiotensin II type 1 receptor (Corea 

et al., 1996). The efficacy, tolerability, and safety of valsartan as monotherapy or in 

combination with other anti-hypertension medications, have been studied extensively in 

clinical trials (Black et al., 2009). Furthermore, the study simulated the cost avoidance 

associated with controlled BP across different levels of antihypertensive treatment 

intensities from a payer perspective.  

          In summary, this study attempted to address four main questions: 1) What maximum 

control rates for SBP, DBP and combined SBP/DBP  can be achieved by using different levels 

of  treatment intensity of valsartan centric regimens for Belgian patients in the real practice?, 
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2) How do patient-related factors which include age, gender, adherence to medication and 

diabetes status impact achieving control rates of SBP, DBP, and combined SBP/DBP?, 3) How 

does the effectiveness of different levels of valsartan treatment groups and patient related 

factors affect the TCVR? and 4) What expected costs avoidances could be associated with 

different levels of treatment intensity of valsartan centric regimens.  

1.2 Statement of aims, objectives, and hypotheses 

1.2.1   Research aims 

          The main goal of this study was to develop probabilistic models of attaining BP control 

as a function of anti-hypertensive treatment intensity involving various valsartan-centric 

treatment regimens. This study is targeted towards patients who could not tolerate 

antihypertensive treatment or in which the treatment failed. An additional goal was to 

develop probabilistic models of achieving a reduction, of at least one point, in TCVR as a 

function of antihypertensive treatment intensity using valsartan-centric treatment regimens 

(Lins et al., 2011). Furthermore, the third goal was to develop simulation model of saving 

cost as a function of different levels of antihypertensive treatment intensity using valsartan-

centric treatment regimens.  

1.2.2 Research objectives  

1. To evaluate the impact of different intensities of various monotherapy, single pill, and 

combination therapies of valsartan on SBP, DBP, and SBP/DBP control rates after 90 days; 

in the sample as a whole, and when stratified by age (age <65 years vs. age >65 years) , 

gender, diabetes and by adherence status. 

2. To develop probabilistic models of achieving SBP (<140 mmHg), DBP (<90 mmHg), and 

SBP/DBP (<140/<90 mmHg) control as a function of antihypertensive treatment intensity; 
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for the sample as a whole, and when stratified by age (age <65 years vs. age >65 years), 

gender, diabetes and by adherence status. 

3. To evaluate the reduction rates in TCVR (by at least 1 point) following 90 days of second- 

or higher-line treatment with valsartan-centric regimens; in the sample as a whole, and 

when stratified by age (age <65 years vs. age >65 years) , gender, diabetes and by adherence 

status. 

4. To develop probabilistic models of achieving a reduction in TCVR of at least 1 point as a 

function of antihypertensive treatment intensity; for the sample as a whole, and when 

stratified by age (age <65 years vs. age >65 years), gender, diabetes and by adherence status. 

5. To calculate the cost saving that resulted from different intensities of various valsartan 

regimens from a payer perspective. 

1.2.3 Research hypotheses  

         A total of 36 hypotheses were tested in this study. These hypotheses were developed to 

achieve the objectives of this study. Regarding to the objective number one the four 

hypotheses below were tested: 

H0-1-1: There are no differences in SBP control rates between baseline and 90 days among 

patient’s age < 65 years and patient’s age > 65 years, stratified by level of treatment intensity. 

H0-1-2: There are no differences in DBP control rates between baseline and 90 days among 

patient’s age < 65 years and patient’s age > 65 years, stratified by level of treatment intensity 
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H0-1-3: There are no differences in combination SBP/DBP control rates between baseline 

and 90 days among patient’s age < 65 years and patient’s age > 65 years, stratified by level 

of treatment intensity 

H0-1-4: There are no differences in SBP control rates between baseline and 90 days among 

female and male patients stratified by level of treatment intensity 

H0-1-5: There are no differences in DBP control rates between baseline and 90 days among 

female and male patients stratified by level of treatment intensity 

H0-1-6: There are no differences in combination SBP/DBP control rates between baseline 

and 90 days among female and male patients stratified by level of treatment intensity 

H0-1-7: There are no differences in SBP control rates between baseline and 90 days among 

adherent and non-adherent patients 

H0-1-8: There are no differences in DBP control rates between baseline and 90 days among 

adherent and non-adherent patients 

H0-1-9: There are no differences in combination SBP/DBP control rates between baseline 

and 90 days among adherent and non-adherent patients 

H0-1-10: There are no differences in SBP control rates between baseline and 90 days among 

diabetic and non-diabetic patients 

H0-1-11: There are no differences in DBP control rates between baseline and 90 days among 

diabetic and non-diabetic patients 
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H0-1-12: There are no differences in combination SBP/DBP control rates between baseline 

and 90 days among diabetic and non-diabetic patients. 

       To achieve objective number of this study, there were a total of 12 hypotheses were 

tested:  

H0-2-1: The goodness-of-fit statistic for the probabilistic model of SBP control as a function 

of antihypertensive treatment intensity for both <65 and > 65 age subsample is statistically 

not significant 

H0-2-2: The goodness-of-fit statistic for the probabilistic model of SBP control as a function 

of antihypertensive treatment intensity for both males and female subsample is statistically 

not significant 

H0-2-3: The goodness-of-fit statistic for the probabilistic model of SBP control as a function 

of antihypertensive treatment intensity for both adherent and non-adherent patients 

subsample is statistically not significant. 

H0-2-4: The goodness-of-fit statistic for the probabilistic model of SBP control as a function 

of antihypertensive treatment intensity for both diabetics and non-diabetics patients 

subsample is statistically not significant. 

H0-2-5: The goodness-of-fit statistic for the probabilistic model of DBP control as a function 

of antihypertensive treatment intensity for the <65 and > 65 age subsample is statistically 

not significant. 
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H0-2-6: The goodness-of-fit statistic for the probabilistic model of DBP control as a function 

of antihypertensive treatment intensity for both males and females subsample is statistically 

not significant 

H0-2.7: H0-2-11: The goodness-of-fit statistic for the probabilistic model of DBP control as a 

function of antihypertensive treatment intensity for both adherent and non-adherent 

subsample is statistically not significant. 

H0-2-8: The goodness-of-fit statistic for the probabilistic model of DBP control as a function 

of antihypertensive treatment intensity for both diabetic and non-diabetic patients 

subsample is statistically not significant. 

H0-2-9: The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a 

function of antihypertensive treatment intensity for both age >65 and < 65 subsample is 

statistically not significant. 

H0-2-10: The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a 

function of antihypertensive treatment intensity for both males and female subsample is 

statistically not significant. 

H0-2-11: The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a 

function of antihypertensive treatment intensity for both adherent and non-adherent 

subsample is statistically not significant. 

H0-2-12: The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a 

function of antihypertensive treatment intensity for both diabetic and non-diabetic patients 

subsample is statistically not significant. 
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To achieve objective number three, hypotheses were tested: 

H0-3-1: There are no differences in TCVR reduction rates between baseline and 90 days in 

the sample as a whole. 

H0-3-2: There are no differences in TCVR reduction rates between baseline and 90 days 

among patients’ age < 65 years and patients’ age > 65 years. 

H0-3-3: There are no differences in TCVR reduction rates between baseline and 90 days 

among female and male patients 

H0-3-4: There are no differences in TCVR reduction rates between baseline and 90 days 

among adherent and non-adherent patients. 

To achieve objective number four, the following hypothesis were tested: 

H0-4-1: The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a 

function of antihypertensive treatment intensity for the <65 and >65 age subsample is 

statistically not significant 

H0-4-2: The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a 

function of antihypertensive treatment intensity for the males and females patients 

subsample is statistically not significant 

H0-4-3: The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a 

function of antihypertensive treatment intensity for the adherent and non-adherent 

subsample is statistically not significant 
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H0-4-4: The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a 

function of antihypertensive treatment intensity for the diabetic and non-diabetics patients 

subsample is statistically not significant  

Finally, the following hypotheses were examined to achieve objective number five of this 

study: 

H0-5-1: There are no differences in costs avoidance of taking treatment intensity of 0.25 and 

0.5. 

H0-5-2: There are no differences in costs avoidance of taking treatment intensity of 0.5 and 

0.75. 

H0-5-3: There are no differences in costs avoidance of taking treatment intensity of 0.75 and 

1. 

H0-5-4: There are no differences in costs avoidance of taking treatment intensity of 1 and 

1.5. 

1.3 Definitions  

1.3.1 Hypertension : It is defined in accordance with the most recent 2013 European Society 

of Cardiology-European Society of Hypertension (ESC-ESH) guidelines for management 

arterial hypertension and Joint National Committee (JNC8) as systolic <140mmHg and 

diastolic <90mmHg (Mancia et al., 2013, James et al., 2014). 

1.3.2 Treatment intensity: It is defined as the amount of medication given per unit of time 

(Scher et al., 1993). Relative dose-intensity is the portion of medication given, relative to a 

standard (Scher et al 1993). The dose intensity can be easily calculated for a monotherapy 
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or combination therapy, (Scher et al 1993) by dividing the daily dose that patient take from 

one medicine by the maximum recommended daily dose of the same medicine (Bailey et al., 

2008). If a patient takes more than one medicine for example valsartan and Amlodipine, then 

the intensity of each medicine can be calculated separately and then add together (Bailey et 

al., 2008). 

1.3.3 Total cardiovascular risk (TCVR): TCVR is defined as the total risk of combination 

between hypertension and other cardiovascular disease (CVD) (Mancia et al. 2013). A model 

called the Systematic Coronary Risk Evaluation (SCORE) has been developed based on large 

European cohort studies in order to estimate the TCVR (Mancia et al. 2013). The model 

estimates the risk of dying from CV (not just coronary) disease over 10 years based on 

different factors such as: age, gender, tobacco usage, total cholesterol, SBP, and variety of 

biochemical indicators (Otgontuya et al., 2013, Mancia et al., 2013).  Based on these factors 

the possible classifications included: average risk, low added risk, moderate added risk, high-

added risk, and very high-added risk (Lins et al., 2011).  

1.3.4 The Clinical Inertia: It is defined as the failure of a physician to start or intensify anti-

hypertension therapy for patients with hypertension when the BP target level has not been 

achieved (Desai et al., 2013, Huebschmann et al., 2012). 
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Chapter 2: Literature review 

2.1 Theoretical framework  

          The study in focus aimed to evaluate the clinical and economic outcomes of various 

valsartan regimens on both blood pressure (BP) and the total cardiovascular disease risk 

(TCVR) for Belgian patients between 2004 and 2009. This investigation was based on two 

theoretical frameworks: The first theory is the mechanism of action of angiotensin-receptor 

blockers (ARB) on reducing BP and TCVR. Valsartan was used to represent this 

pharmacotherapy class. The second theory is the synergic and complementary mechanism 

of adding another drug from calcium channel blocker (CCB) and/or thiazide diuretic and 

measuring the effect it has on lowering BP and TCVR. Amlodipine and hydrochlorothiazide 

were respectively used to represent CCB and thiazide diuretics pharmacotherapy classes.  

        Before discussing the mechanism of actions of valsartan and the synergic effect of adding 

another drug, it is important to understand the different mechanisms that control BP inside 

the body and what internal factors that may increase BP level above the normal level (Go et 

al., 2014). BP is controlled by multiple mechanisms that interact with each other and 

maintain it at optimal levels (Kochar et al., 1994). These multiple mechanisms regulate three 

factors, which include: 1) Renal sodium excretion, resultant plasma and total body volume; 

2) Cardiac performance, 3) Vascular tone (Gradman et al., 2010).  These three factors are 

responsible for managing intravascular volume, cardiac output, and systemic vascular 

resistance, which are the immediate hemodynamic elements of BP (Gradman et al., 2010). 

While the sympathetic nervous system regulates these factors on a real-time basis, which 

directly affect BP level, the kidney is the primary regulator of arterial pressure - due to its 
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ability to integrate endocrine, neural, and hemodynamic inputs. The kidney, thereby, is able 

to maintain sodium balance and arterial blood pressure (Navar 2010). Through its multiple 

roles pertaining to vascular, endocrine, and renal mechanisms, renin-angiotensin-

aldosterone system (RAAS) plays an essential role for regulating both sodium balance and 

blood pressure (Navar 2010). (More details about RAAS were explained later in this 

chapter).  

          Due to the fact that hypertension is multifactorial disease, it is not possible to predict 

the main mechanisms that are responsible for this increase in the BP but we know that the 

existing regulatory mechanism is not able to control the BP (Kochar et al., 1994; Calhoun et 

al., 2009). Therefore, when an antihypertensive agent is used, the reduction in BP may occur 

due to fact this drug has overcome the underlying mechanism or this drug has augmented 

one or more of the counter regulatory mechanisms (Kochar et al., 1994). If the drug has 

helped to quickly achieve the target BP at a small dose, then this particular drug may work 

on the main mechanism which was responsible for the increase in BP, but if not, then it 

perhaps either increases the dose or adds another drug with different a mechanism of action 

(Kochar et al., 1994; Gradman et al., 2010). 

2.1.1 Mechanism of action of ARB on reducing BP  

        Valsartan was used to represent the ARBs class. In order to understand the mechanism 

of valsartan, it would be important to know the significance of RAAS. RAAS is an important 

hormonal system that has a pertinent function in the homeostatic control of arterial 

pressure, tissue perfusion, and extracellular volume (Imbalzano et al., 2014; Atlas 2007). 

RAAS regulates fluid volume, electrolyte balance and blood volume - which then makes it an 
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important system in the pathophysiology of hypertension (Nixon et al., 2009). This system 

functions well, for example when the BP is low, by stimulating juxtaglomerular cells of the 

kidney to release the renin enzyme – which then works in transferring angiotensinogen to 

angiotensin I (Dahlöf 2000, Atlas 2007). Angiotensin I is then converted to angiotensin II by 

an enzyme called angiotensin-converting enzyme (ACE) (Nguyen 2001).  Angiotensin II 

causes very strong vasoconstriction, aldosterone secretion as well as sympathetic 

stimulation, all of which lead to the increase in BP (Nixon et al., 2009).  Angiotensin II not 

only works on constructing the blood vessels but it is also responsible to release an adrenal 

cortical hormone called aldosterone (Atlas 2007).  

         Aldosterone is responsible for regulating balanced secretion of sodium and potassium. 

It is stimulated due to three main reasons: 1) sodium reduction; 2) decrease in extracellular 

fluid; and/or 3) increase in the level of potassium in the plasma (Atlas 2007; Freel et al., 

2004). Valsartan, which belongs to the angiotensin receptor blocker class, exerts its 

antihypertensive effect primarily by blocking the angiotensin II (Black et al., 2009). Figure 

2.1 shows the mechanism of action for valsartan. It selectively inhibits the joining of 

angiotensin II to the AT1 receptor in tissues such as the vascular smooth muscle and the 

adrenal gland - which then lead to the inhibition of vasoconstriction, aldosterone secretion, 

and sodium retention mediated by angiotensin II (Black et al., 2009; European Medicine 

Agency 2010; Abraham et al., 2011).  
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2.1.2 The synergic and complementary mechanism of action of adding another one 

drug from calcium channel blocker (CCB) or/ and thiazide diuretic 

         In order to help address the multifactorial nature of hypertension diseases, there should 

be a consideration for the use two or more antihypertensive medications with 

complementary mechanisms of action (Mancia et al., 2013; Oparil et al., 2011). The 

physiological and pharmacological synergies between different classes of antihypertensive 

agents may contribute to further reduction in BP and also allow patients to achieve the BP 

target more promptly (Mancia et al., 2013; Oparil et al., 2011). The benefits of high reduction 

in BP vs. the combination of two to three drugs may only be achieved by combining 

medications that either interfere with different pressor mechanisms or inhibiting counter 

regulatory responses (Gradman et al., 2010). The disadvantage of combination is that one 

may not be active (Mancia et al., 2013). Therefore, a third drug should be added to further 

augment the BP reduction (Kizilirmak et al., 2013; Gradman et al., 2010).  

         The effect of adding different pharmacotherapy classes at small doses may also lead to 

a decrease in the incidence of adverse events associated with a high dose of monotherapy 

treatment (Mancia et al., 2013; Oparil et al., 2011; Scharder et al., 2009).  One important note 

to consider is that the combined drugs should be comparable in terms of their 

pharmacokinetic characteristics (Gradman et al., 2010). The theory that this study was based 

on was that when the dose or the number of medications increased then the effect on BP 

should be stronger than just have only one drug or low dose (Kizilirmak et al., 2013; 

Gradman et al., 2010).  
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2.1.2.1 ARBs and Thiazide diuretic (Amlodipine and hydrochlorothiazide)  

       Adding thiazide diuretic such as hydrochlorothiazide to ARBs additionally potentiates 

the hypertension effect (Ruilope et al., 2005). The reason is that thiazide diuretics inhibit the 

Na+/Cl− co-transporter in the renal distal convoluted tubule, which leads to reduction of 

sodium reabsorption and loss of fluid in the urine (Duarte & DeHoff 2010). Consequently, 

extracellular fluid and plasma volume will be decreased (Duarte & DeHoff 2010). This 

volume loss results in activation RAAS which may lead to vasoconstriction, as well as salt 

and water retention (Duarte & DeHoff 2010; Gradman et al., 2010). However, this counter-

regulatory response is attenuated in the presence of a RAAS blocker such as valsartan 

(Gradman et al., 2010).  

2.1.2.2 ARBs and CCB (Valsartan and Amlodipine) 

       The combination of calcium channel blocker (CCB) classes with ARB classes have 

complementary mechanisms of action, providing a very powerful reduction in BP compared 

to monotherapy treatment (Mancia et al., 2013). CCB inhibits the transmembrane influx of 

calcium ions into vascular smooth muscle and cardiac muscle, leading to a decrease in 

peripheral vascular resistance and ARBs inhibition of the angiotensin II then causes 

inhibition of the vasoconstrictor and aldosterone-secreting effects (Calhoun et al., 2009; 

Frampton & Scott 2009).  These two complementary mechanisms of action do not only 

potentiate the hypertension effect but also improve tolerability and side effects of 

monotherapy (Oparil et al., 2011; Gradman et al., 2010). For example, taking ARBs results in 

neutralization of the peripheral edema, which may occur due to consumption of a CCB such 

as amlodipine (Gradman 2010; Schrader et al., 2009). 
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2.1.2.3 ARB, Thiazide diuretic and CCB  

       Compared to the dual therapy or monotherapy, the combination of these three classes 

may lead to significant reduction of BP (Kizilirmak et al., 2013). The complementary 

mechanism of actions that ARBs, CCB, and thiazide diuretic have may lead to conclusion that 

each one may support the action of the other (Khan et al., 2014; Sierra et al., 2012; 

Lacourcie`re et al., 2011). 

2.2 The public health threat of hypertension  

        Hypertension is considered to be the major cause of death in the world and is also 

considered to be the second major cause of disability, following the childhood malnutrition 

(He et al., 2007). It is estimated to have been responsible for 7.5 million deaths, 12.8% of the 

total of all deaths which is responsible for 57 million disability adjusted life years, (DALYS) 

and which is attributed to uncontrolled hypertension (WHO 2013). Despite the fact that 

hypertension has been studied extensively for more than 40 years, it remains as a serious 

public health challenge and also one of the most important preventable contributors to 

disease and death - both developed and developing countries (James et al., 2014, Panesar et 

al., 2013, WHO 2013, Keenan et al., 2011, Nan et al., 2010, Baily et al., 2008, Ong et al., 2007).                

      According to hypertension guidelines for hypertension management, hypertension is 

defined as systolic blood pressure (SBP) being greater than or equal to140mmHg and 

diastolic blood pressure (DBP) being greater than or equal to 90mmHg (Mancia et al., 2013, 

James et al., 2014). 
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Figure 2.1 Valsartan action on RAAS (adapted from Atlas 2007) 
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         While the classification of the different hypertension definitions have not been changed 

from the years 2003 and 2007 in European Society of Cardiology-European Society of 

Hypertension, ESH/ESC guidelines, (Mancia et al., 2013), there have been several changes in 

the definition of hypertension over time in the Joint National Committee on Prevention, 

Detection, Evaluation, and Treatment of High Blood Pressure (JNC) guidelines, since it was 

published (Stern 2013; Wang et al., 2005). For instance, the 1980 JNC report defined 

hypertension as a value that depends on a diastolic blood pressure threshold alone (90 mm 

Hg) however, in 1984, this definition was changed to be based on both SBP and DBP together 

as 140/ 90 mm Hg (The 1984 report of JNC, Wang et al., 2005).  

         Furthermore, the definition of hypertension for diabetic patients has been subject to 

change over time. More specifically, there was a change in the DBP value from 130/80 mmHg 

to 130/80mmHg in the seventh report (The sixth report of JNC 1997; Chobanian et al., 2004; 

Wang et al., 2005). In addition, the classifications of hypertension definitions in JNC 6 were 

changed in JNC7 (Martin 2007).  There were only four classifications for hypertension in 

JNC7 instead of seven classifications, which were noted in JNC 6 (Martin 2007).  The changes 

in JNC7 included the following: 

1- Normal blood pressure was defined as SBP <120 mm Hg DBP <80 mm Hg (Martin 

2007). 
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2- Prehypertension1: According to JNC7guiedline, it is defined as a SBP of 120-139 mm 

Hg or a DBP of 80-89 mm Hg (Martin 2007). However, JNC6 defined 130/84 mmHg 

as normal (Martin 2007).   

3-  Stage I hypertension: JNC7 guidelines defined a person as having stage one 

hypertension if his/ her SBP is 140-159 mm Hg or DBP is 90-99 mm Hg (Martin 2007).   

4- Stage II hypertension: JNC 7 guidelines defined stage 2 hypertension as patient’s SBP 

being greater than or equal to 160 mm Hg or having a DBP of 100 mm Hg (Martin 

2007).   

5- JNC6 guidelines defined hypertension stage 3 as patient’s SBP being greater than or 

equal to 180 mmHg and/or DBP being greater than or equal to 110mmHg (Martin 

2007).   

        Finally, the current JNC guidelines are different than the previous guidelines (Michael 

2014).  There are two important changes in the definition of hypertension from what used 

to be in the JNC 7 guidelines (Michael 2014). The first change is that a non-diabetic patient 

who is aged 60 years or older would be categorized as a hypertensive patient if his/her BP 

level is greater than or equal to 150/90 mmHg (Michael 2014). The second change is that for 

diabetic patient who is 60 years or older, would be classified as a hypertensive patient if 

her/his BP level is greater than or equal to  140/90 mm Hg (Michael 2014).    

These changes in the guidelines not only reflect in the definitions of hypertension but also in 

the treatment plan (Michael 2014). In fact, these variations in the definitions of hypertension 

between the different guidelines have contributed to uncertainty about whether people 

                                                           
1 Chobanian et al., 2004 defined prehypertension as a stage that is not considered as a disease category. 
Rather, it is a designation chosen to identify individuals at high risk of developing hypertension, 
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should be classified as hypertensive patients or not and whether or not antihypertensive 

treatments should be started for given patients (Wang et al., 2005).  

2.3 Etiology and risk factors of hypertension 

      Primary hypertension (90% of cases) is mostly of unknown etiology, and secondary 

hypertension (10%) happens as a result of different etiologies, including renal and vascular 

causes (Carretero & Oparil 2000). While most of the hypertension cases are attributed to 

unknown reasons, it is quite simple to diagnose patients with hypertension by using 

electronic, mercurial, or aneroid devices2 (WHO 2013, Glynn et al., 2010). There are risk 

factors that are associated with hypertension, which may contribute to increase in both 

prevalence and incidence of hypertension (Saunders et al., 2008). The two main types of risk 

factors are modifiable and non-modifiable risk factors (Saunders et al., 2008). Examples of 

non-modifiable risk factors include age, sex, and ethnicity whereas the obesity & diabetics 

are examples of modifiable risk factors, that more likely to increase the risk of hypertension 

occurring (Saunders et al., 2008).  

2.4. The prevalence and incidence of hypertension  

         Worldwide, there are wide variations in reporting the prevalence of hypertension 

within and across countries (Sherlock et al., 2014). Overall, the highest rate of prevalence for 

hypertension was (46%) reported in low-income countries in Africa, while the lowest rate 

was reported in North America (35%) (WHO 2013, Chazova et al., 2011; Nan et al., 2010; 

Denker et al., 2013; Carson et al., 2011; Smith, et al., 2007).  Due to extensive population 

                                                           
2  There is well known rule about hypertension epidemiology which is called halves rule which states that 
about half of hypertensive populations are diagnosed, half of those diagnosed are treated, and half of those 
treated are controlled (Basu et al., 2013 
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growth and ageing, the number of people with hypertension has increased around the world 

from 600 million in 1980 to one billion in 2008 (WHO 2013, Nixon et al., 2009; Smith et al., 

2007). The worldwide prevalence of hypertension is expected to increase to 1.56 billion by 

the year 2025 (Khan et al., 2014). The upcoming sections explore the impact different risk 

factors have on the prevalence of hypertension.  

2.4.1 The impact of age, gender, racial and ethnic differences on the prevalence of 
hypertension  

           Prevalence rates and incidence rates for hypertension differ with respect to age, 

gender, racial, and ethnic differences among people (WHO 2013, He et al., 2007; Saunders et 

al., 2008; Nixon et al., 2009; Gillespie et al., 2013; Carson et al., 2011; Minor et al., 2008). With 

regard to age, the prevalence of hypertension gradually and progressively increases with 

increasing age (He et al., 2007; Saunders et al., 2008; Nixon et al., 2009).  In fact, there is a 

linear relationship between age and SBP, which means that the SBP tends to be higher in 

elderly people (Musini et al., 2010, Saunders et al., 2008; Pool et al., 2007). According to 

Saunders et al., 2008, there is a 90% lifetime risk of developing hypertension for a person 

aged 55 even if he/she is normotensive (Saunders et al., 2008).   

         The impact of gender on the prevalence of hypertension has long been a topic of active 

research (Olomu et al., 2014; Doumas et al., 2013; Saunders et al., 2008; Reckelhoff 2001). 

While some studies did not find any gender differences in terms of prevalence rates in 

hypertension, some other studies did show opposite findings (Dave et al., 2013; Doumas et 

al., 2013; Angell et al., 2008; Saunders et al., 2008; Reckelhoff 2001). One study pointed out 

that BP is generally higher in men than in women at similar ages and BP tends to be higher 

in women after age of 55 as compared to men at similar ages (Reckelhoff 2001).  
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         Moreover, disparities in the prevalence and incidence of hypertension among 

racial/ethnic groups can be seen across countries (Gillespie et al., 2013; Carson et al., 2011). 

There is a high rate of prevalence for hypertension among racial/ethnic minority groups in 

the US, which may considered as a reason for the racial/ ethnic disparities observed in 

morbidity and mortality rates in the US (Sin et al., 2013). One study found that African 

Americans have higher BP than Caucasians early on (Carson et al., 2011). This may prove the 

fact that racial and ethnic differences in BP occur because of biological and sociological 

differences, which are more likely to occur during early childhood (Minor et al 2008).  In 

addition, the rate of incidence in hypertension is higher among middle-aged African 

American and older adults as well, aged 45 to 74 years as compared to Caucasians of similar 

age (Sin et al., 2013; Carson et al., 2011).  Furthermore, a recent study concluded that 

Hispanic Americans also have higher prevalence of hypertension compared to Caucasians 

(Gillespie et al., 2013).  

2.4.2 The prevalence of hypertension among diabetic patients 

       The condition of hypertension may differ according to the type of diabetes mellitus 

(Simonson 1998). Hypertension is generally not present at the time of diagnosis for patients 

with type 1 diabetes, which is also referred to as insulin-dependent diabetes mellitus, and is 

more prevalent in patients with type 2 diabetes, which is known as insulin-independent 

diabetes mellitus (Simonson 1998). Despite the fact that the prevalence of hypertension is 

two times higher in diabetic patients than in non-diabetic patients, controlling hypertension 

remains suboptimal (Simonson 1998; Wang et al., 2005). Based on data collected, by 

National Health and Nutrition Examination Survey (NHANES), between the years 1988 and 

1994, only 31 % of diabetic patients were detected with optimal BP control (<140/90mmHg) 
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and only 12% of diabetic patients had their blood pressure under control (using the 

definition of hypertension for diabetes <130/85mmHg) (Wang et al., 2005). This issue 

imposes a rather large concern and is considered to be a public health threat, - given that 

diabetic patients are at greater risk of developing cardiovascular diseases (Duggirala et al., 

2005; Wang et al., 2005; Geiss et al., 2002). Therefore it is important to control BP in diabetic 

patients in order to reduce the risk of complications that are associated with diabetes 

(Duggirala et al., 2005). One study found that each 10 mmHg decrease in SBP would lead to 

lowering the risk of death by diabetes, by 19%; lower the risk in all-cause mortality by 13%, 

and lowering the risk in myocardial infarction by 13% (Duggirala et al., 2005).  Controlling 

the other risk factors that may be associated with the incidence of hypertension in diabetic 

patients such as obesity and atherosclerosis is one approach to managing or avoiding the 

increase in BP (Simonson 1998).  

2.4.3. Prevalence of hypertension in patients with chronic kidney diseases 

      The kidney is both a reason and a target of elevated BP (Bakris & Ritz 2009). Therefore, 

patients with chronic kidney disease are at higher risk of hypertension and CVD (Bakris & 

Ritz 2009, Wang et al., 2005). One cohort study was conducted to describe the demographic 

characteristics of and assess the adequacy of hypertension control in patients with renal 

disease found that the prevalence of uncontrolled BP was 86% but that hypertension was 

controlled adequately in only 30% of the hypertensive (Agarwa et al., 2003; Wang et al., 

2005). This study concluded that despite the recognition of high prevalence in patients with 

renal diseases - control of hypertension, particularly systolic hypertension, remains 

suboptimal in US (Agarwa et al., 2003). 
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2.5 Hypertension and the risk of cardiovascular diseases (CVD)  

        The relationship between hypertension and the increase of the risk of CVD has been 

documented by many epidemiological and clinical trials. There is a continuous, consistent, 

and independent relationship between uncontrolled hypertension, the risk of CVD, and renal 

diseases (Rafey 2013, WHO 2013; Glynn et al., 2010; Saunders et al., 2008; Lindholm 2002). 

In other words, the increase in SBP, DBP, or both may contribute to the increase in the risk 

of myocardial infarction and/or stroke, vice versa (Denker et al., 2013; Glynn et al 2010; 

Lindholm 2002). That is, for individuals aged 40 to 70 years, every additional 10 mm Hg in 

DBP or 20 mm Hg in SBP above than the threshold value of BP (<140/90mmHg) can increase 

the risk of heart failure, myocardial infarction, stroke, kidney disease - and the risk of these 

events occurring become more significant if the hypertension remains uncontrolled (Elperin 

et al., 2014).  

         More specifically, an increase in SBP can be a very potent factor for cardiovascular 

events in the elderly population (Musini et al., 2010; Glynn et al., 2010; Saunders et al., 2008; 

Pool et al., 2007; Lindholm 2002).  A small reduction in either SBP or DBP could reduce the 

risk of CVD events significantly (WHO 2013, Ong et al., 2007).  Therefore, paying high 

attention to control and reducing the elevation in both DBP and SBP is important, especially 

among the high-risk group such as the elderly and diabetics. Even a slight decrease in this 

group may contribute to a decrease in the incidence of CVD events and kidney diseases 

(Musini et al., 2010; Ong et al., 2007; Duggirala et al., 2005).  
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2.6 Healthcare cost and utilization associated with hypertension  

         Utilization of healthcare resources and associated costs, due to hypertension have been 

an important topic worldwide, for research – mainly because of the high rates of prevalence 

in hypertension and the direct relationship between this disease and CVD (Leal et al., 2006; 

Balu &Thomas 2006; Patra et al., 2007). Several studies found that health care resource 

utilization has a consistent relationship with uncontrolled BP (Paramore et al., 2001, 

Lupuerta et al., 2001; Berlowitz et al., 1998). That is, with an increase in the severity of 

hypertension the consumption of health care resources increases (Paramore et al., 2001). 

Medication costs, visits to physicians’ office, hospitalization, and nursing home cost are the 

main variants under direct costs, associated with treating hypertension (Dib et al., 2010). 

Numerous factors can be used to determine the cost of short-term resource utilization 

(Paramore et al., 2001). The upcoming sections discuss the cost of treating hypertension in 

developed countries such as the USA, Canada, and European countries (e.g. Italy, Germany) 

as well as developing countries such as Sub-Saharan Africa and Malaysia. 

2.6.1 Health care utilization and cost of hypertension in developed countries 

       According to the recent NHANES survey there was an increase in using antihypertensive 

drugs between the years 2001 and 2010, among adult population, in the US, from 63.5% to 

77.3% - however, the control rate is still suboptimal (Desai et al., 2013).  Several studies were 

conducted to estimate the current and future cost of treating uncontrolled BP and the 

associated consequences (Go et al., 2014; Tran et al., 2012; Heidenreich et al., 2011; Balu 

2009, Balu et al., 2006; Fields et al., 2004; Elliott 2003, Lupuerta et al., 2001). For example,  

Hodgson and his colleagues conducted a study to estimate the medical expenditures 
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(including expenditures for cardiovascular complications, other conditions for which 

patients with hypertension are at higher risk, and comorbidities) attributed due to 

uncontrolled BP found that the total medical spending attributed to raising BP was $108.8 

billion (Hodgson et al., 2001; Tans et al., 2012). Of the total cost attributed to hypertension: 

$22.8 billion was for a diagnosis of elevated BP, $29.7 billion for cardiovascular problems, 

and $56.4 billion for other diagnoses (Hodgson et al., 2001; Tans et al., 2012). Hospital care 

had the largest segment (42%) of spending due to hypertension; physician services (26%), 

prescription drugs (17%), followed by nursing home and home health care, which accounted 

for 12% and 4% respectively (Hodgson et al., 2001; Tans et al., 2012). Furthermore, Balu and 

his colleagues investigated the incremental direct expenditures of treating hypertension 

among Americans, and they found that after controlling for demographics and comorbidities, 

the total incremental annual direct expenditures for hypertension patients was 

approximately $US 54.0 billion in 2001 (Balu et al., 2006; Balu 2009). 

       The direct and indirect costs of hypertension and its complication are expected to be 

enormous, considering the current high prevalence of hypertension and the large number of 

patients and their families impacted in both developed and developing nations (Go et al., 

2014; Heidenreich et al., 2011; Gaziano et al., 2009). The total direct medical costs of CVD 

are projected to triple, from $272.5 billion to $818.1 billion between 2010 and 2030 

(Heidenreich et al., 2011).  The annual medical costs associated with uncontrolled 

hypertension are expected to increase to $130.4 billion over the next 10 years for a total 

projected annual cost of $200.3 billion by 2030 (Heidenreich et al., 2011). In addition, it is 

expected that the increase in annual expenditure from 2010 to 2030 is $258.3 billion 

(Heidenreich et al., 2011). On the other hand, indirect costs of CVD associated with lost 
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productivity are expected to increase but it would not be as significant as direct medical costs 

and total costs as both direct and indirect costs may become more than one trillion dollars, 

by the year 2030 (Go et al., 2014; Heidenreich et al., 2011). 

       A recent report about the economic cost of chronic disease in Canada indicated that the 

total direct medical costs of hypertension is estimated to be approximately $ 2.4 billion per 

year in hospital, physician, and medications (Patra et al., 2007). The direct medical care costs 

in British Columbia exceed $320 million annually, while a total of $166.3 million attributes 

to the indirect costs, as a result of the productivity losses that are related to premature death 

and disability (Patra et al., 2007). A study conducted, to compare the economic burden 

placed on society and incurred by patients with rheumatoid arthritis (RA), osteoarthritis 

(OA), or high blood pressure (HBP) in Ontario, found that the direct cost per patient for the 

six-month period, specifically for hypertension, was $2,503 (Maetzel et al., 2004; Tarride et 

al., 2009).  

     Leal and his colleagues conducted a study, to evaluate the direct economic costs of CVD, 

for the European Union countries, found that hypertension represented an enormous 

segment of the total cost of CVD. However, in Germany, other CVDs that accounted for 35 % 

of the total cost of CVD, raising BP alone accounted for 23% of the total cost (Leal et al., 2006). 

Berto and his colleagues estimated the cost of hypertension and anticipated which factors 

served as the main drivers of the cost of hypertension in Italy; they found that around 779.59 

Euros was the average total cost per patient and the main drivers for the total cost of 

treatment of hypertension were: anti-hypertension medications, general physician visits, 

hospital care with 46%, 21% and 15% respectively (Berto et al., 2002; Tarride et al., 2009).   
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       Kiiskinen and his colleagues conducted another study to evaluate hypertension’s long-

term costs and the effects on life expectancy in Finland; they suggested that there were 

significant increases in direct and indirect medical care costs associated with uncontrolled, 

high BP compared to mild and moderate BP (Kiiskinen et al., 1998; Tarride et al., 2009). Over 

the period of 19 years, the average costs of medication were $900, 1600, and $3100 for 

normotensive patients with mild hypertension, and patients with severe hypertension 

respectively (Kiiskinen et al., 1998). The costs of the hospitalization due to hypertension 

were also very high among severely hypertensive patients compared to other patients with 

mild hypertension, in Finland (Kiiskinen et al., 1998).  

2.6.2 Health care utilization and cost of hypertension in developing countries 

        Hypertension has always been regarded as a disease of developed and rich countries but 

in fact hypertension has been extremely prevalent in developing countries over the last 20 

years (Vijver et al., 2013). The hypertensive population in Africa exceeds the hypertensive 

population in the US and European countries (Vijver et al., 2013). There is no doubt that this 

increase in the prevalence of hypertension in developing countries will impose huge 

economic challenges and public health burdens (Vijver et al., 2013; Hypertension Guideline 

Working Group 2008; Alefan et al., 2009).  

       Addo and his colleagues who conducted a systemic review to determine the prevalence 

and distribution of hypertension in Sub Saharan Africa indicated that around 40% of the 

population have hypertension (Addo et al., 2007 Vijver et al., 2013).  In the year 2000, the 

adult population who were diagnosed with hypertension in Sub Saharan Africa was 80 

million and this value may be doubled by the year 2025 (Vijver et al., 2013). Hypertension 
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prevalence in other African countries among adults aged 18 and over, ranges from 19 % in 

Eritrea to 39.6% in Seychelles (Vijver et al., 2013).  

      The economic burden of hypertension and its complications can no longer be ignored in 

Africa (Vijver et al., 2013). Gaziano and his colleagues conducted a study to estimate the 

annual direct and indirect health costs of hypertension on healthcare expenditure, for people 

aged over 30 years, in seven World Bank defined regions - found that around $2 billion USD 

was the total direct and indirect costs, spent towards uncontrolled hypertension Sub-

Saharan Africa region3. The same study concluded that the indirect costs associated with 

potential welfare loss, from hypertension, was estimated to total $7 billion in Sub Saharan 

Africa - using both 30 and 100 times gross domestic product (GDP) per capita estimate4 of 

the welfare loss, (Gaziano et al., 2009).  

       The prevalence of hypertension is significantly affecting around 4.8 million individuals 

in Malaysia (Alefan et al., 2009).  This increase in prevalence and the lack of optimal 

approaches to manage hypertension in Malaysia have led to consequences which add to the 

burden of the total health expenditures, in Malaysia (Hypertension Guideline Working Group 

2008; Alefan et al., 2009).  A study conducted in Malaysia to quantify the direct medical costs 

for 300 hypertensive patients included: antihypertensive medications, visits to the 

physicians’ office, and laboratory tests - concluded that there is a direct relationship between 

increasing the direct cost of treatment hypertension and the severity of the disease itself 

(Alefan et al., 2009). The costs of antihypertensive medication were the main drivers of the 

                                                           
3 The annual cost of hypertension calculation for this study includes three parts: the direct cost of health care 
for hypertension associated diseases, treating the complications of hypertension such as ischemic heart 
disease and stroke and the direct treatment of the hypertension itself(Gaziano et al., 2009).  
4There is recommendation that the loss of welfare from death is valued between 75 to about 300 times GDP 
per capita (Gaziano et al., 2009)  
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total direct costs attributed to hypertension (Alefan et al., 2009).  This finding was consistent 

with the report from ministry of health in Malaysia that the total amount of monetary 

resources spent on medications for treatment of hypertension, was approximately RM145 

million 5 in 2004 (Hypertension Guideline Working Group 2008). The same report concludes 

that the total cost associated with the direct cost of hospitalization, due to treatment of 

hypertension, was RM110 million (Hypertension Guideline Working Group 2008).   

         The cost is seen to be increasing if the patient has had major comorbidities; the cost per 

patient for hospitalization due to hypertension alone (RM 2, 927) was significantly lower 

than the cost per patient hospitalization due to hypertension with comorbidities (RM4716) 

(Hypertension Guideline Working Group 2008). The indirect cost associated with the loss of 

productivity among Malaysian workers attributed to the increase in BP was significant 

(Alefan et al., 2009). 

 

         In summary, these reports and projected expenditures on hypertension reflect the 

significance of the disease and its epidemiological, public health-related, and economic 

impact on society - thus emphasizing the importance of optimal usage of resources in health 

care, which would have positive impact overall (Heidenreich et al., 2011; Balu 2009; 

Paramore et al., 2001). It is projected that the prevalence and the cost of hypertension and 

its complications, CVD, will increase significantly in the future (Heidenreich et al., 2011).     

       Therefore, it is important to understand both barriers to BP control in order to put in 

place effective approaches to avoid them (Ogedegbe 2008). Meaning, public health policies 

that are based on evidence should be targeted to overcome the barriers for BP control and 

                                                           
5 RM stands for  Malaysian Ringgit which equals 0.31 US Dollar 
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increase society’s awareness of the dangers associated with hypertension and its 

complications (Go et al., 2014). Furthermore, the policies should provide recent and effective 

approaches to prevent hypertension from occurring (Go et al., 2014; Heidenreich et al., 

2011).  

2.7 Barriers to achieve the BP control 

         In recent years, researchers have seen significant advances in the development of 

medication, which has been documented by several clinical trials (Go et al., 2014; Chobanian 

2009). These clinical trials have demonstrated the efficacy of antihypertensive medications 

for reducing and controlling BP, while achieving the target BP with less side effects (Go et al., 

2014; Basile et al., 2012; Chobanian 2009; Destro et al., 2010;  Neutel 2005; Borzec et al., 

2005). Despite the clinical evidence regarding the efficacy of antihypertensive drugs, and the 

effort from governmental agencies to increase the awareness of hypertension - the control 

rate of hypertension remains unsatisfactory (Khatib et al., 2014; Nelson et al., 2011;Nelson 

et al., 2011;Redon et al., 2010; Chobanian 2009; Destro et al., 2010; Segal et al., 2005).   

        The important question to ask is why the control rate for hypertension is still inadequate 

(Siegel et al., 2005). The answer is that there may be a clear gap in the translation of clinical 

trial evidence, from clinical trials which examined the efficacy of antihypertensive drugs, into 

practice - indicating that the path from evidence to practice have different barriers that 

prevent achieving optimal BP rates (Khatib et al., 2014; Desai et al., 2013; Abraham et al., 

2011; Ogedegbe 2008; Borzec et al., 2005). 

       A broad range of barriers has been recognized and may contribute to poor BP control 

(Khatib et al., 2014; Nelson et al., 2011; Borzec et al., 2005). These barriers are divided into 
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patient-related barriers, physician-related barriers, and medical environment barriers 

(Khatib et al., 2014, Nelson et al., 2011, Ogedegbe 2008, White 2008, Borzec et al., 2005). The 

next section focuses on how overcoming both patients and physicians related barriers are 

used to achieve BP control. 

2.7.1 Patient related barriers to achieve BP control 
 
       Numerous studies have discussed both the barriers to achieve target BP that are directly 

related to patient, as well as different kinds of interventions that may overcome these 

barriers (Khatib et al., 2014; Odedosu et al., 2012; Nelson et al., 2011; Ogedegbe 2008; White 

2008; Borzec et al., 2005; Bosworth et al., 2002). These barriers include: the patient’s belief 

about hypertension and its medications, low medication adherence, concerns over 

medication costs and tolerability, poor memory, depression, level of health literacy, patient 

motivation, lack of social support, and the presence of chronic diseases or other 

comorbidities (Khatib et al., 2014; Odedosu et al., 2012; Nelson et al., 2011; Ogedegbe 2008; 

White 2008, Borzec et al., 2005; Bosworth et al., 2002).   

2.7.1.1 The importance of Adherence to antihypertensive medications  

        The adherence to anti-hypertension medications may be the most pertinent barrier, 

given its centrality to the other factors (Ogedegbe 2008; White 2008; Bosworth et al., 2002). 

High adherence to anti-hypertension drugs is usually linked to improved BP control and 

poor medication adherence is linked to more complications, while achieving BP control 

(Chobanian 2009). Therefore, it is important to understand and address the barriers that 

may reduce the adherence and compliance to medications (Khatib et al., 2014; Odedosu et 

al., 2012; Ogedegbe 2008, White 2008).  
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        In fact multiple factors can affect medication adherence and persistence (Chobanian 

2009). Bosworth and his colleague developed a model, which may be similar to health belief 

model6, in order to explain the psychological and sociocultural barriers that may reduce the 

adherence to anti-hypertension medication and consequently lead to suboptimal BP rates. 

The patient’s perception of hypertension and its drugs may be the most crucial factor and 

has a huge impact on the adherence to antihypertensive drugs (Bosworth et al., 2002) 

         The perception of hypertension means having the awareness of this disease and its 

complications (Bosworth et al., 2002). The awareness of hypertension may include three 

constructs: perception of susceptibility to hypertension, perception of seriousness of 

hypertension, the perception of benefits of anti-hypertension medications, and their adverse 

effects (Glanz et al., 2008, Bosworth et al., 2002). Perception of susceptibility refers to beliefs 

that hypertensive patients have about the likelihood of having this disease (Glanz et al., 

2008). This perception may serve to increase the adherence to anti-hypertensive 

medications, especially for a person who is classified as pre-hypertensive - who is concerned 

to become hypertensive (Glanz et al., 2008; Bosworth et al., 2002). The perception of 

seriousness refers to the thoughts and feeling about the seriousness of having one of the 

complications associated with hypertension, such as stroke (Glanz et al., 2008; Bosworth et 

al., 2002). The way that a patient perceives the seriousness of the hypertension and its 

complication may impact the adherence to the medications (Ogedegbe 2008; Bosworth et 

al., 2002).  Another factor related to the patient’s belief, which may have an effect on the 

adherence to antihypertensive drugs, is the perception of attaining benefits from the anti-

                                                           
6 The health belief model has different concepts that predict why people will take action to prevent, to screen 
for, or to control disease situations (Glanz et al., 2008). 
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hypertension medications and their adverse effects (Ogedegbe 2008; Bosworth et al., 2002). 

One study found that hypertensive patients who held fears and negative images about 

antihypertensive medications had less adherence and higher risk of hypertension 

complications (Gascón et al., 2004).   

        The cost of antihypertensive medications may have an impact on the adherence 

(Chobanian 2009). High cost medications may be associated with poor adherence and the 

low price medications may be associated with high adherence (Chobanian 2009). High cost 

medicines burden on a hypertensive patient which may result poor adherence to the therapy 

(Amira et al., 2007).  

       The overall cost of poor adherence can be significant (Paramore et al., 2001). One study 

reported that individuals with hypertension who were at least 80% adherent had lower total 

healthcare costs compare to hypertensive patients who were less adherent patients 

(Paramore et al., 2001). Another study that was conducted on the patients in Medicaid 

population found, that a patient who had lowered or stopped their medications spent an 

extra annual costs of $873 per patient on health care compared to patients who were 

adherent to their anti-hypertension medications (McCombs et al., 1994; Paramore et al., 

2001). 

2.7.2 Physician related barriers to BP control and the problem of Clinical Inertia (CI) 
 
         The barriers to effective BP control at the physician level may include: lack of the 

knowledge among physicians about new and updated hypertension management guidelines, 

poor adherence to these guidelines, and failure to intensity or adjust the treatment regimen 

if the target BP is not achieved (It is also called clinical inertia (CI), lack of good 

communication skills with patients, not spending enough time to educate patient every time 
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he or she visits a physician (Khatib et al., 2014; Odedosu et al., 2012; Ogedegbe 2008; White 

2008). Perhaps CI is the most pertinent physician related barriers and it is considered the 

major contributor to inadequate (BP) control at the physician level (Ogedegbe 2008; White 

2008).  

2.7.2.1 Causes of CI  

        The four main physician-related factors to CI include:  lack of knowledge and training on 

the appropriate approaches and doses intensities for achieving the optimal BP (Phillips 

2001) and such lack of knowledge may lead the failure of initiating treatment or failure of  

titrating treatment until the BP target achieved (O’Connor et al., 2005). The second factor is 

the false believe that the physicians think that they have been more aggressive than they 

should have been (Ogedegbe 2008; Phillips 2001). This belief may make a physician less 

proactive (O’Connor et al., 2005).  The third factor is avoiding use of aggressive treatment in 

hopes that BP would be reduced to the target level without changing the regimen intensities 

(Phillips 2001; Ogedegbe 2008). Huebschmann and his colleagues found that the due to the 

lack of ability to intensify antihypertensive drugs, to reach to the target BP level, physicians 

postpone the BP treatment intensification when BP is near target level. The fourth factor is 

the inability of some physicians to formally diagnosis the hypertension and tell whether the 

patient should start anti-hypertension medications or not (Huebschmann et al., 2012).  

O’Connor et al., 2005 argued that physician factors are not the only factors that contribute to 

CI but that there are also office-related factors that may contribute to CI as well.  The lack of 

teamwork between physicians and nurses; administrative stuff and physicians may have a 

negative impact on the patient’s satisfaction – which may then lead to ineffective treatment 

(O’Connor et al., 2005). 
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2.7.2.2 The prevalence of CI among hypertensive patients   

        The CI in hypertension is defined as the failure of a physician to start or intensify the 

doses of anti-hypertension therapy, for hypertensive patients whose prior treatment 

intensity was not sufficient to achieve the target BP (Desai et al., 2013, Huebschmann et al., 

2012, Ogedegbe 2008). The importance of appropriate intensifying of the dosage of 

antihypertensive medications is that it can help patients who were not able to achieve the 

BP target with their current antihypertensive medication (Kizilirmak et al., 2013; White et 

al., 2008; O’Connor et al., 2005; Mallion et al., 2003). Intensifying the dose of 

antihypertensive drugs becomes more critical, especially for older patients, where the SBP 

is usually higher (Lapuerta et al., 2001).      The clinical evidence suggests that the right 

treatment intensity dose may help in decreasing the SBP by more than 10 mm Hg (O’Connor 

et al., 2005).  

           Despite the fact that the CI is considered as serious barrier to achieving BP control, it 

has been argued that more than half of hypertensive patients may experience the CI (Desai 

et al., 2013; Huebschmann et al., 2012; O’Connor et al., 2005). One study conducted to 

examine the prevalence of CI among 263 patients with hypertension and chronic kidney 

disease (CKD) - found that the prevalence of CI was very high among patients (69%) (Desai 

et al., 2013). In addition, the prevalence of CI was found very high up to 85% at the physicians’ 

offices in European countries (Wang et al., 2007; Lebeau et al., 2014).  This clinical evidence 

shows the high prevalence of CI among hypertensive patients, and this may be an indication 

that CI may be considered as a serious barrier that needs to be addressed, in order to achieve 

the target BP (Lebeau et al., 2014). 
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2.7.2.3 The cost of CI    

             CI can have a significant impact not only on a patient’s life, but also on the overall cost 

of hypertension management (O’Connor et al., 2005; Lebeau et al., 2014).  One of the 

consequences of the failure to intensify the right dose is that it may lead to an increase in the 

number of visits to the physicians’ offices, which as a result would increase the burden of the 

cost of treating hypertension (O’Connor et al., 2005; Lebeau et al., 2014). More importantly, 

failure to intensify the dose or failure to start an aggressive treatment for patients with 

severe hypertension may be associated with higher number of visits and shorter intervals 

between visits to physicians’ offices (Paramore et al., 2001). This may in turn lead to 

hospitalization and consequently   increase the overall direct cost of treatment (Paramore et 

al., 2001). The cost of uncontrolled BP due to CI may become significant high if other 

comorbidities such as diabetes mellitus and hyperlipidemia are present (Desai et al., 2013; 

Okonofua et al., 2006; O’Connor et al., 2005). 

       Although some studies found that better BP is linked to higher frequency of physicians’ 

office visits, the total cost associated with all visits may be significant (Guthmann et al., 2007; 

Paramore et al., 2001; Lupuerta et al., 2001). This is suggesting that the appropriate 

intensification of the dose at the beginning may decrease the number of physicians’ offices 

and hospitalization, which consequently will decrease the utilization of health care sources 

and the associated costs (Guthmann et al., 2007; Paramore et al., 2001; Lupuerta et al., 2001).  
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     In summary the in ability to intensify the dose when the previous dose of antihypertensive 

drug was unable to help a patient to achieve the target BP, may lead to increase the number 

of visits to the physicians’ offices and consequently it may increase the overall cost 

(Guthmann et al 2007; Paramore et al., 2001). Therefore, overcoming the CI may considered 

as one of the interventions not only to achieve the BP target but also to decrease the health 

care utilization and consequently reduce the health care expenditure on hypertension 

(Lebeau et al., 2014; O’Connor et al., 2005). 

2.8 Treatment options for Hypertensions 

       In order to prevent and control the increase in BP, the JNC 7 recommends non-

pharmacological and/ or pharmacological approaches to be used (Gillespie et al., 2013; 

Keenan et al., 2011; Chobanian 2009). Lifestyle modifications are usually recommended 

before any pharmacological intervention, if the BP level is not very high (Mancia et al., 2013). 

If a non-pharmacological approach is insufficient then the drugs based therapy should be 

considered, in addition to lifestyle modifications approach (Mancia et al., 2013). Choosing a 

drug to treat the hypertension is based on the efficacy of this drug in reducing BP, and in 

lowering CV end points including: stroke, myocardial infarction, and heart failure (Gradman 

et al., 2010). The evidence from clinical trials suggest that there are differences in the terms 

of the efficacy among antihypertensive medications and that these variations in the efficacy 

are attributed to their mechanism of actions of reducing BP (Chobanian 2009). 
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2.8.1 Non pharmacological treatment  

             Non-pharmacological approaches or lifestyle modifications are considered the first 

line therapy for hypertension treatment in hypertensive patients (Gupta & Gupta 2010). 

Lifestyle modifications can be very useful in reducing the health risk of increasing BP 

(Chobanian 2009).  Examples of non-pharmacotherapy interventions that used for treating 

hypertension include: weight control, exercise, adopting a diet rich in fruits, vegetables, low-

fat dairy products, reducing sodium intake & potassium enhancement, and moderation of 

alcohol intake (Gupta & Gupta 2010).  

            Dietary Approaches to Stop Hypertension (DASH) trial was conducted to assess the 

effects of dietary patterns on BP found that eating diet rich in fruits, vegetables, low-fat dairy 

foods, with reduced saturated and total fat can have significant impact on decreasing the BP  

(Appel et al., 1997; Gupta & Gupta 2010). More importantly, clinical evidence shows that 

reducing salt intake may not only have significant benefits for preventing and controlling 

hypertension, but can reduce the risk of CVD that are associated with hypertension (Keenan 

et al., 2011). It has been found that reduction in sodium of 1,200 mg/day can lead to decrease 

the annual number of new cases of coronary heart disease and stork by 120,000 and 66,000 

cases respectively (Keenan et al., 2011).  

         It was beyond the scope of this dissertation to discuss in details about non-

pharmacological approach. Rather this dissertation is focused on one class of 

pharmacological treatments that used for controlling and prevention hypertension.  This 

class is called angiotensin-receptor blockers (ARBs). 
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2.8.2 Pharmacotherapy for hypertension treatment 

          Different pharmacological classes of antihypertensive drugs have been approved to be 

used for hypertension treatment (Chobanian 2009). These classes include: diuretics, α2-

Adrenergic–receptor agonists, spironolactone β-Adrenergic–receptor antagonists, α1-

adrenergic–receptor antagonists, angiotensin converting–enzyme inhibitors (ACEI), 

calcium-channel blockers (CCB), angiotensin-receptor blockers (ARBs), endothelin-receptor 

antagonists, and renin inhibitors (Chobanian 2009). These classes share the same goals – 

which are to reduce the increase in BP and to eliminate the significant risks associated with 

increasing the BP and attempting to maintain little to no adverse effects on quality of life 

(James et al., 2014).  

              However, they are different in terms of: the mechanism of action, the strength, and 

the impact of reducing BP; tolerability and associated side effects (Gradman et al., 2010; 

Dahlöf 2000).  It was beyond the scope of this study to explain the major differences between 

all antihypertensive classes in terms of the mechanism of action and side effects. Rather we 

sought to focus on ARBs group that decreases BP by blocking the renin-angiotensin-

aldosterone-system (RAAS) (Black et al., 2009). The clinical evidence from clinical trials 

suggested that this group has the similar antihypertensive efficacy to ACEI group but with 

lower side effects (Black et al., 2009). In addition, this group has the advantage to reduce the 

risk of myocardial infarction and heart failure (Dahlöf 2000). More details about this group 

and valsartan which was used to represent this group in this study were discussed later. The 

next section explained the differences between using monotherapy and combination therapy 

for hypertension treatment.  
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2.9 Monotherapy vs combination treatment for hypertension 

         Early determination of hypertension and choosing the appropriate initial therapy for 

treating hypertension may have a positive impact in the long term, when comparing 

outcomes (Neldam & Edwards 2008; Kizilirmak et al., 2013). Therefore, physicians may be 

keen on starting treatment with drug(s) that can help to achieve the target BP and at the 

same time have little to no side effects (Gradman et al., 2010). Monotherapy or combination 

therapies are usually the initial approaches for lowering elevated BP (Wald et al., 2009; 

Mancia et al., 2013). The question is when it may be appropriate to start and continue with 

either monotherapy or combination treatment (Mancia et al., 2013).  

          Figure 2.2 explains the strategy for using either monotherapy or combination therapy 

as an initial therapy for treating hypertension. Monotherapy is normally used as initial 

therapy and gradually the dose is increased if the patient has mild to moderate hypertension, 

but if patient has significant increase in BP or at risk of CVD - then combination of two or 

more of antihypertensive drugs should be used as the initial therapy (Mancia et al., 2013). 

More details about monotherapy vs combination therapy was explained in the sections that 

follow.  

2.9.1 Monotherapy for hypertension 

            According to the ESH/ESC guidelines, which drug is utilized is insignificant; 

monotherapy may still effectively achieve the target BP in small number of patients (Mancia 

et al., 2013). Determination of the best therapy serving as initial therapy depends on the BP 

level and the absolute risk of cardiovascular disease, (CVD) end points including stroke, 

myocardial infarction, and heart failure (Garjón et al., 2013; Gradman et al., 2010). 

Monotherapy may be considered as an appropriate treatment option for patients who have 
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a mild raise in BP and low risk of CVD (Schrader et al., 2009). The advantage of using 

monotherapy as initial treatment for hypertension is that the effectiveness and side effects 

(if any) can be easily recognized and ascribed to this particular drug – making it a smooth 

switch to another drug if it is not effective (Mancia et al., 2013).   

            A meta-analysis of 354 randomized clinical trials (Law et al., 2003) was conducted to 

determine the average decrease in BP among the five antihypertensive classes: thiazides, BB, 

ACEI ARBs and CCB. The trial concluded by saying that these classes, administered at a 

standard dose, led to a similar decrease in BP which was 9.1 mm Hg systolic and 5.5 mm Hg 

diastolic (Gradman et al., 2010). Another study that examined the differences among using 

six drugs from different classes as a first line for treatment, found that there was little to no 

difference among them as overall response rates were as follows: diltiazem, 63%; clonidine, 

59%; prazosin, 47%; hydrochlorothiazide, 46%; atenolol, 41%; and captopril, 37% 

(Materson et al., 1995; Piot et al., 2001).  There were also no big differences between the old 

(e.g. atenolol 50 mg, metoprolol 100 mg, pindolol 5 mg) and new (e.g. enalapril 10 mg or 

lisinopril 10 mg, or felodipine 2·5 mg or isradipine 2–5 mg daily) antihypertensive drugs in 

terms of their efficacy and ability to prevent cardiovascular disease morbidity and mortality 

events (Hansson L et al., 1999, Piot et al., 2001).  

           The dosage of monotherapy may be increased gradually for patients until it reaches 

the maximum dosage of this particular drug, in order to achieve the BP target (Schrader et 

al., 2009).  This may lead to the increase in risk of the incidence and/or side effects, which 

may decrease the adherence to this drug, and this in turn may lead to the increase of BP 

(Schrader et al., 2009). In addition, the clinical evidence suggests that 45% of patients may 

need two drugs and 22 % may need more than two drugs to achieve the target BP - which 
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means using only ARB as monotherapy may not be adequate enough for all patients 

(Gradman et al., 2010; Oparil et al., 2011).  

Figure 2.2: Monotherapy vs Combination therapy strategy for hypertension treatment, 

(Mancia et al 2013) 
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2.9.2 Combination therapy for hypertension 

          While using one drug to treat hypertension did not help any more than of two thirds of 

hypertensive patients to reach the BP target level, combination therapy has been highly 

effective for one third of hypertensive patients. Physicians are also favoring it as the first-

line of treatment for patients who need quick results (Mallion et al., 2003; White 2008; Pool 

et al., 2007; Gradman et al., 2010; Oparila et al., 2011; Karpov et al., 2012). European 

guidelines recommend using combination treatment for hypertension as a first step in two 

cases: either when initial BP is at least 160/100 mmHg or when there are risk factors 

involved (e.g. comorbidities) such as diabetes or renal disease (Oparil et al., 2011).  

              In line with these recommendations, single pill combination of different 

antihypertensive classes (single pill combination (SPC)) such as thiazide diuretics and ARBs, 

CCB and ARBs have been granted approval by the US Food and Drug Administration, as a 

first step for treating hypertensive patients who are more likely to need two or more 

medications to reach the target BP (Oparil et al., 2011). The biggest advantage of SPC is that 

it improves the adherence for hypertensive medication, which would be expected to 

translate into both clinical and economic advantages, such as improved BP control – as well 

as decrease the cost that may be associated with non-adherence to antihypertensive 

medications (Calhoun et al., 2009; Pool et al., 2007). 

              Several studies conducted to examine the impact of two or three different doses of 

drugs found that BP control was achieved in patients who used two or more medications to 

treat their hypertension (Kizilirmak et al., 2013; Sierra et al., 2012; Oparil et al., 2011; Nan 

et al., 2010; Andreadis et al., 2005). A recent meta-analysis (Wald et al., 2009) which 

incorporated data from 42 studies, involving around 11,000 hypertensive patients, 
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examined the value of combination therapy versus monotherapy - concluded that the 

combination two drugs have a significant impact on decreasing BP five times more than 

doubling the dose of one drug (Wald et al., 2009; Karpov et al., 2012).  

      From a tolerability perspective, one of the most rational reasons for using combination 

treatment is to improve overall tolerability of the treatment (Lacourcière et al., 2005; 

Gradman et al., 2010). This may happen when the side effect of one drug is counteracted by 

the pharmacological properties of an added medication (Gradman et al., 2010). In addition, 

due to fact the antihypertensive drugs produce dose dependent adverse effects, using low 

doses of combination therapy can help prevent the high risk of adverse events associated 

with using high dose of monotherapy, from occurring (Messerli et al., 2007; Gradman et al., 

2010).  

2.10 Angiotensin Receptor Blockers (ARBs)  

       The pharmacotherapy classes that work in blocking RAAS such as ACEI ARBs are 

considered to be one of the first line treatment for hypertension because of their efficacy in 

lowering BP and hypertension-related target organ damage particularly in patients with 

severe heart failure or with left ventricular dysfunction, following myocardial infarction 

(Dahlöf 2000; Ritter 2001). Although ARBs and ACEI inhibitors both affect the renin 

angiotensin system, their mechanism of actions are different from each other (Barreras & 

Turner 2003). Clinical evidence from comparative effectiveness research show that  ACE 

inhibitors and ARBs are equivalent in terms of reducing BP and ARBs were developed to avoid 

the side effects such as cough and angioedema which are associated with taking ACEI (Powers et 

al., 2012; Black et al; 2009). 
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         In fact, ARBs represents a newer class of antihypertensive medications that are a more 

selective means of RAAS inhibitors (Black et al., 2009; Barreras & Turner 2003). Seven drugs 

which belong to this class have been approved by Food and Drug Administration (FDA): 

Valsartan, Losartan, Irbesarta, Candesartan, Telmisartan, Eprosartan, and Olmesarta 

(Barreras & Turner 2003).  

        The characteristic of directly inhibiting the angiotensin II makes ARBs class an 

appropriate first-choice line of treatment for hypertension treatment (Dave et al., 2013; 

Aronow et al., 2011; Neldam et al., 2009; Chobanian 2009, Black et al., 2009).  Several direct 

(with placebo or other drugs) and indirect comparison studies were conducted on the ARB 

drugs, in order to determine the antihypertensive efficacy of these drugs - either as 

monotherapy or as combined with other anti-hypertensive drugs from different classes 

(Kanda et al., 2013; Kizilirmak et al., 2013; Karpov et al., 2012; Duprez et al., 2011; Wright et 

al., 2011; Gradman et al., 2010; Destro et al., 2010; Frampton et al., 2009; Nixon et al., 2009; 

Lacourcie et al., 2009; Calhoun et al., 2009, Black et al., 2009; Andreadis et al., 2005; 

Holwerda et al., 1996).  

          As combination drugs, ARBs drugs showed additional effectiveness for reducing BP 

when they were administered with drugs from other antihypertensive classes, such as CCB 

or thiazide-type diuretics (Mallion et al., 2003; Allemann et al., 2008). More interestingly, the 

power of reducing BP is increased if ARBs were administered together with both drugs from 

CCB and thiazide diuretics – although, it seems that taking all these drugs as triple 

combination may increase the incidence of the side effects (Destro et al., 2010). A systemic 

and meta-analysis study found that when all three classes were administered together, at 

any dose, they are more effective in reducing BP as opposed to dual combination without any 
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significant increase in side effects (Kizilirmak et al., 2013). Valsartan was used in this study 

to represent a drug that can be used as a first line monotherapy or in combination with other 

drugs.   

2.10.1 Valsartan  

         In 1996, Valsartan was granted approval in Europe and has been marketed in adults as 

film coated tablets for treating hypertension (Black et al., 2009; European Medicines Agency 

2014). A year later, the FDA approved Valsartan to be used and marked as an oral form for 

hypertension treatment, in both adults and children in USA (Black et al., 2009). The most 

common available doses of valsartan include 80 mg, 160 mg and 320 mg (European 

Medicines Agency 2010).   

         Clinical evidence has been documented from prospective and non-prospective studies - 

demonstrating the BP reduction efficacy and tolerability of the daily doses of 80 mg         

Valsartan, across patient populations including: females, children, elderly; hypertensive 

patients with high risk for cardiovascular disease, with diabetes, and with chronic kidney 

disease (Oparil  et al., 1996, Pool et al., 1998; Philipp et al., 2007; Pool et al., 2007; Black et 

al., 2009; Ogihara et al., 2010; Abraham et al., 2011; Wang et al., 2013). In addition to the 

antihypertensive effect, valsartan has shown efficacy in lowering cardiovascular morbidity 

and mortality – which is associated with myocardial infarction in patients with heart failure 

and/or coronary artery disease (Heran et al., 2012; Abraham et al., 2011).  

            Valsartan also has a positive impact on decreasing urinary protein excretion for type 

2 diabetic, hypertensive patients with diabetic nephropathy (Chrysant & Chrysant 2007). 

Adverse clinical effects have been documented with taking valsartan including: dizziness, 

headache, and fatigue, but are not worth much consideration (Chrysant & Chrysant 2007). 
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         With regard to efficacy of valsartan as compared to the efficacy of other drugs in the 

same group, ARBs, it was found that administrating valsartan at 160 or 320 mg was more 

effective for patients with essential hypertension than losartan 100 mg and also it was found 

that valsartan has a comparable efficacy to other drugs in the same group (Nixon et al., 2009).  

Comparing valsartan with other drugs that block RAAS, such as Enalapril 20 and Lisinopril 

10 mg, it was found that Valsartan 80 mg once a day was as effective as 20 mg Enalapril, or 

10 mg Lisinopril once a day and in the treatment of mild-to-moderate elevation in BP - with 

less incidence of adverse effect (such as coughing) which is associated with taking ACEI 

(Holwerda et al., 1996, Black et al., 1997).  

            However, clinical evidence from several clinical studies show that more than half of 

hypertensive patients cannot achieve their target BP’s by using only valsartan for treating 

hypertension (Gould et al., 2014; Karpove et al., 2012; Wald et al., 2009; Pool et al., 2007).  

International guidelines for hypertension management recommend that two or more 

antihypertensive medications should be used for hypertensive patients who have not 

achieved the target BP with monotherapy - especially in patients with baseline 

systolic/diastolic BP (SBP/DBP) >20/>10 mm Hg above the target, or for patients who are 

at high risk for developing cardiovascular diseases or other diseases (Gould et al., 2014; 

Chazova et al., 2011; Pool et al., 2007; Oparil et al., 2011).  

              However some physicians believe that using more than two drugs may bring more 

side effects and therefore are hesitant to prescribe more than two drugs (Pool et al., 2007). 

The following section focuses on explaining the impact of two or more drugs on lowering BP. 

We used the example of adding either hydrochlorothiazide or amlodipine or both to 

Valsartan.  
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2.10.2 Valsartan and Amlodipine 

          The combination of ARBs and CCB has the additive effect for lowering BP and it has 

been advocated by hypertension guidelines to be used as one of the rational combinations 

for treating hypertension (Mancia et al., 2013; Oparil et al., 2013; Destro et al., 2008). 

Numerous randomized clinical trials proved that taking ARB and CCB as SPC or separate 

have the extra efficacy for lowering BP and low side effects than either medication alone 

(Oparil et al., 2013; Karpov et al., 2012; Dong et al., 2011; Chazova et al., 2011; Schrader et 

al., 2009; Destro et al., 2008; Allemann et al., 2008; Poldermans et al., 2007).  

          Valsartan and Amlodipine is the most common combination of ARBs and CCB, 

respectively (Oparil et al., 2011; Chazova et al., 2011). This combination has complementary 

mechanism of action that causes the incremental BP lowering effect (Oparil et al., 2011; 

Allemann et al., 2008). Taking this combination at a lower dosage has been associated with 

significant reduction in BP and better compliance in comparison to higher dosage 

monotherapy (Andreadis et al., 2005; Frampton & Scott 2009). In addition, this combination 

does not only have significant impact on reducing BP but it has also been associated with 

lower incidence of adverse events, that may be seen in Valsartan or Amlodipine 

monotherapy (Karpov et al., 2012; Oparil et al., 2011).  

         Schrader and his colleagues conducted a study to evaluate the benefit of the lower dose 

of the combination valsartan/ amlodipine 160/5mg compared to the higher dose of 

amlodipine, 10 mg, - which resulted in causing a lower incidence of peripheral edema. They 

found that the combination of Valsartan/Amlodipine was associated with significantly lower 

incidence of peripheral edema than Amlodipine 10 mg monotherapy (Schrader et al., 2009). 

Furthermore, one study was conducted to examine whether initiating intensive treatment 
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with this combination, Valsartan/Amlodipine, may lead to extra reduction in BP more than 

small dose of the same combination in hypertensive patients and was found that initiating 

treatment with intensive high dose of the combination led to a higher reduction in BP in 

comparison with moderate dose of the combination (Oparil et al., 2011).  

2.10.3 Valsartan and Hydrochlorothiazide (HCTZ) 

           Using ARBs and thiazide diuretic is one of the recommended combination therapies 

that can be used as first line of treatment for hypertension (Mancia et al., 2013). The synergic 

pharmacological effect of these two classes makes them more effective in reducing BP 

(Mancia et al., 2013). This combines the benefits of both groups - vasoconstriction with ARBs 

and the diuretic effect of thiazide diuretic which lead to decrease the volume (Ruilope et al., 

2005). In other words, the ARB blocks angiotensin II-mediated vasoconstriction and renal 

sodium retention, and the thiazide diuretics has the ability to decrease intravascular volume 

and total body of sodium (Pool et al., 2007).  

        Examples of drugs that have been used for combination from these two classes include 

Valsartan and HCTZ. Clinical evidence of the efficacy and tolerability of this combination at 

different doses has been reported in several clinical trials (Lacourcière et al., 2005; Pool et 

al., 2007; White et al., 2008). Combination these two drugs show an increase in the effect 

with increase the dose of either one or both (Pool et al., 2007; Gradman et al., 2010). 

Valsartan/HCTZ combination at low dose is well tolerated and is associated with lower 

incidence of side effects (i.e. this combination was associated with lower hypokalemia 

compare to HCTZ alone) (Pool et al., 2007; Gradman et al., 2010). 
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2.10.4 Triple combination Valsartan, Amlodipine and HCTZ 

         While dual therapy is recommended as a first line treatment in order to achieve rapid 

BP control, there are approximately 25% of hypertensive patients who may require more 

than two drugs to reach BP control (Calhoun et al., 2009). The clinical evidence for the high 

efficacy of triple therapy for treating hypertension has been documented in several studies. 

The efficacy of triple treatment, ARBs, CCB and thiazide diuretics have been shown greater 

BP reduction in comparison with dual treatment (Khan et al., 2014; Sierra et al., 2012; 

Lacourcie`re et al., 2011 ; Destro et al., 2010; Calhoun et al., 2009; Calhoun et al., 2009).  A 

single pill combination for triple therapy has been approved in the US including a 

combination of Valsartan/Amlodipine/Hydrochlorothiazide (Calhoun et al., 2009). 

           A systemic review and meta-analysis study which evaluated the efficacy of a triple 

combination of Valsartan Amlodipine /Hydrochlorothiazide vs. the efficacy of the dual 

antihypertensive combination of these drugs concluded that at any dose, the triple 

combinations of valsartan and amlodipine and HCTZ has superior effect on reducing BP more 

than dual combinations of the same drugs without any significant change in the incidence of 

adverse events (Kizilirmak et al., 2013). 

2.11. Studies examined the real effectiveness of valsartan centric regimens in Belgium  

        Several studies investigated the efficacy of valsartan as monotherapy and as 

combination with other drugs. Of which seven observational studies were conducted in 

Belgium to examine the real effectiveness of valsartan centric regimen.  Abraham and his 

colleagues did an excellent review of these seven studies which include: PREVIEW, 

IMPROVE, ADVANCE, INSIST, eNOVA, BSCORE, and EXCELLENT (Van der Niepen et al., 2009; 
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Lins et al., 2009; Van der Niepen et al., 2009; Lins et al., 2011; Novartis, Lins et al., 2011; 

Novartis).   

          PREVIEW study was the first study that conducted in 2007 and aimed at evaluating the 

effectiveness of 90 days of second-line valsartan treatment and identify patient- and 

physician-level determinants that affect BP outcomes. The total of patients and physicians 

who were involved in this study were 3194 and 504 respectively. Patients had to meet 

certain criteria in order to be included in this study. These eligibility criteria include 

hypertensive male and female patients who take valsartan (80 mg, 160 mg, 80 mg/12.5 mg 

hydrochlorothiazide) as second-line mono- or combination. Patients excluded were those 

allergic to valsartan, other ARBs, or hydrochlorothiazide; and any patient that was given 

another ARB medicine during the study progress.  

        Niepen and his colleagues found that there were average reduction in SBP and DBP 

among patients by 15.5 and 9.2respectively. Furthermore, physicians attributed factors were 

found to contribute to the 24% in SPB variability and 25% in DBP variability at 90 days.  

Patients related factors had the significant contribution in the variability in SBP and DBP 

with 76% and 75% respectively. 

         TCVR was also advocated to be used as an outcome for antihypertensive drugs 

(Mancia et al., 2013). Lin and his colleagues examined the multilevel (patient- and 

physician-level) determinants of BP and TCVR outcomes related to valsartan as 

monotherapy therapy. A total of 3497 patients were eligible to this study.  Overall there 

were a reduction in both SBP, DBP and TCVR among patients after taking valsartan centric 

regimens.  Physicians related factors were attributed to 21 % of SBP variability, 25.6% of 

DBP variability and 12.5% of TCVR variability. 
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Chapter 3: Methodology 

     This chapter presents a description of the research design in this study. Outcomes of 

interest include blood pressure (BP) control, total cardiovascular rate (TCVR) score and the 

cost avoidance that could be associated with each treatment intensity level of valsartan 

centric regimens. The primary outcome of interest was the impact of different intensities of 

monotherapy, single pill, as well as combination therapies of valsartan on SBP, DBP and 

combination of SBP/DBP. A secondary outcome of interest was the effect of different 

regimens of valsartan on TCVR. A third outcome was the cost that can be saved from taking 

different levels of treatment intensity.  

       A data set of seven studies that were conducted between the years 2004 and 2009 were 

pooled and used. These seven studies were prospective, non-controlled studies on valsartan-

centric antihypertensive regimens in patients who experienced a failure in treatment or 

could not tolerate the previous antihypertensive treatment. Dependent and independent 

variables of interest were discussed in details. This chapter also discussed the statistical 

analyses for outcomes. Expected limitations were presented towards the end of this chapter.  

3.1 Statement of the aims, objectives and hypotheses 

  3.1.1 Study aims 

         The primary aim of this study was to develop probabilistic models of BP control as a 

function of antihypertensive treatment intensity, using valsartan-centric treatment 

regimens in patients in whom prior-line antihypertensive treatment failed or was not 

tolerated.  A data set was collected from seven prospective, non-controlled studies on 

valsartan-centric antihypertensive regimens in patients in whom prior-line 
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antihypertensive treatment failed or was not tolerated. We proposed to analyze the sample 

as a whole and then stratify by age (age <65 years vs age >65 years) as well as gender.   

        Using the data from 2 of these 7 studies, the secondary aim of this study was to develop 

probabilistic models of achieving a reduction of at least 1 point in total TCVR as a function of 

antihypertensive treatment intensity using valsartan-centric treatment regimens; again, in 

patients in whom prior-line antihypertensive treatment failed or was not tolerated. For this, 

we used the pooled data of 2 of the 7 studies that included TCVR as an outcome (Lins et al., 

2011; Lins et al., 2011). We proposed to do these analyses for the sample as a whole and 

stratified by age (age <65 years vs age >65 years) , gender, diabetes and adherence. The third 

aim was to simulate the cost associated with uncontrolled BP across different levels of 

antihypertensive treatment intensity and the potential saving that could be attained from a 

payer’s perspectives. 

3.1.2 Study objectives  

   This study had five main objectives:  

1- To evaluate changes in SBP, DBP, and SBP/DBP control rates following 90 days 

second- or higher-line treatment with valsartan-centric regimens; in the sample as a 

whole, and when stratified by age (age <65 years vs age >65 years) and gender.  

2- To develop probabilistic models of reaching SBP (<140 mmHg), DBP (<90 mmHg), 

and SBP/DBP (<140/<90 mmHg) control as a function of antihypertensive treatment 

intensity; for the sample as a whole, and when stratified by age (age <65 years vs age 

>65 years) and gender. 
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3-  To evaluate the reduction rates in TCVR (by at least 1 point) following 90 days of 

second- or higher-line treatment with valsartan-centric regimens; in the sample as a 

whole, and when stratified by age (age <65 years vs age >65 years) and gender.  

4- To develop probabilistic models of achieving a reduction in TCVR of at least 1 point 

as a function of antihypertensive treatment intensity; for the sample as a whole, and 

when stratified by age (age <65 years vs age >65 years) and gender.  

5- To simulate the cost associated with controlled and uncontrolled BP across different 

levels of antihypertensive treatment intensity and the saving that could be achieved 

from a payer’s perspectives 

3.1.3 Research hypotheses  

With respect to the objectives a total of 35 hypotheses were tested in this study, as delineated 

below: 

Hypothesis 1 

There are no differences in SBP control rates between baseline and 90 days among 

patient’s age < 65 years and patient’s age > 65 years, stratified by level of treatment 

intensity. 

Hypothesis 2 

There are no differences in DBP control rates between baseline and 90 days among 

patient’s age < 65 years and patient’s age > 65 years, stratified by level of treatment 

intensity. 

 



74 
 

Hypothesis 3 

 There are no differences in combination SBP/DBP control rates between baseline and 90 

days among patient’s age < 65 years and patient’s age > 65 years, stratified by level of 

treatment intensity. 

Hypothesis 4 

 There are no differences in SBP control rates between baseline and 90 days among female 

and male patients stratified by level of treatment intensity. 

Hypothesis 5 

There are no differences in DBP control rates between baseline and 90 days among female 

and male patients stratified by level of treatment intensity. 

Hypothesis 6 

There are no differences in combination SBP/DBP control rates between baseline and 90 

days among female and male patients stratified by level of treatment intensity. 

Hypothesis 7 

There are no differences in SBP control rates between baseline and 90 days among 

adherent and non-adherent patients. 

Hypothesis 8 

There are no differences in DBP control rates between baseline and 90 days among 

adherent and non-adherent patients. 
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Hypothesis 9 

There are no differences in combination SBP/DBP control rates between baseline and 90 

days among adherent and non-adherent patients. 

Hypothesis 10 

There are no differences in SBP control rates between baseline and 90 days among diabetic 

and non-diabetic patients. 

Hypothesis 11 

There are no differences in DBP control rates between baseline and 90 days among diabetic 

and non-diabetic patients. 

Hypothesis 12 

There are no differences in combination SBP/DBP control rates between baseline and 90 

days among diabetic and non-diabetic patients. 

To achieve objective number of this study, there were a total of 12 hypotheses were tested:  

Hypothesis 13 

The goodness-of-fit statistic for the probabilistic model of SBP control as a function of 

antihypertensive treatment intensity for both <65 and > 65 age subsample is statistically 

not significant. 
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Hypothesis 14 

The goodness-of-fit statistic for the probabilistic model of SBP control as a function of 

antihypertensive treatment intensity for both males and female subsample is statistically 

not significant. 

Hypothesis 15 

The goodness-of-fit statistic for the probabilistic model of SBP control as a function of 

antihypertensive treatment intensity for both adherent and non-adherent patients 

subsample is statistically not significant. 

Hypothesis 16 

The goodness-of-fit statistic for the probabilistic model of SBP control as a function of 

antihypertensive treatment intensity for both diabetics and non-diabetics patients 

subsample is statistically not significant. 

Hypothesis 17 

The goodness-of-fit statistic for the probabilistic model of DBP control as a function of 

antihypertensive treatment intensity for the <65 and > 65 age subsample is statistically not 

significant. 

Hypothesis 18 

The goodness-of-fit statistic for the probabilistic model of DBP control as a function of 

antihypertensive treatment intensity for both males and females subsample is statistically 

not significant. 
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Hypothesis 19 

 The goodness-of-fit statistic for the probabilistic model of DBP control as a function of 

antihypertensive treatment intensity for both adherent and non-adherent subsample is 

statistically not significant. 

Hypothesis 20 

The goodness-of-fit statistic for the probabilistic model of DBP control as a function of 

antihypertensive treatment intensity for both diabetic and non-diabetic patients subsample 

is statistically not significant. 

Hypothesis 21 

The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a function of 

antihypertensive treatment intensity for both age >65 and < 65 subsample is statistically 

not significant. 

Hypothesis 22 

The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a function of 

antihypertensive treatment intensity for both males and female subsample is statistically 

not significant. 

Hypothesis 23 

The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a function of 

antihypertensive treatment intensity for both adherent and non-adherent subsample is 

statistically not significant. 
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Hypothesis 24 

The goodness-of-fit statistic for the probabilistic model of SBP/DBP control as a function of 

antihypertensive treatment intensity for both diabetic and non-diabetic patients subsample 

is statistically not significant. 

To achieve objective number three, hypotheses were tested: 

Hypothesis 25 

There are no differences in TCVR reduction rates between baseline and 90 days in the 

sample as a whole. 

Hypothesis 26 

There are no differences in TCVR reduction rates between baseline and 90 days among 

patients’ age < 65 years and patients’ age > 65 years. 

Hypothesis 27 

There are no differences in TCVR reduction rates between baseline and 90 days among 

female and male patients. 

Hypothesis 28 

There are no differences in TCVR reduction rates between baseline and 90 days among 

adherent and non-adherent patients. 

To achieve objective number four, the following hypothesis were tested: 
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Hypothesis 29 

The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a function of 

antihypertensive treatment intensity for the <65 and >65 age subsample is statistically not 

significant. 

Hypothesis 30 

The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a function of 

antihypertensive treatment intensity for the males and females patients subsample is 

statistically not significant 

Hypothesis 31 

The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a function of 

antihypertensive treatment intensity for the adherent and non-adherent subsample is 

statistically not significant. 

Hypothesis 32 

The goodness-of-fit statistic for the probabilistic model of TCVR reduction as a function of 

antihypertensive treatment intensity for the diabetic and non-diabetics patients subsample 

is statistically not significant.  
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Finally, the following hypotheses were examined to achieve objective number five of this 

study: 

Hypothesis 33 

There are no differences in costs avoidance of taking treatment intensity of 0.25 and 0.5. 

Hypothesis 34 

There are no differences in costs avoidance of taking treatment intensity of 0.5 and 0.75. 

Hypothesis 35 

There are no differences in cost avoidance of taking treatment intensity of 0.75 and 1. 

Hypothesis 36 

There are no differences in cost avoidance of taking treatment intensity of 1 and 1.5. 

3.2 Data Design, and Management 

         This research was a secondary data analysis study design, which focused on the analysis 

of the data that was collected primarily from seven prospective studies, conducted between 

the years 2004 and 2009, on different regimens of Valsartan. These seven studies include: 

PREVIEW, IMPROVE, ADVANCE, INSIST, eNOVA, BSCORE, and EXCELLENT (Van der Niepen 

et al., 2009; Lins et al., 2009; Van der Niepen et al., 2009; Lins et al., 2011; Novartis, Lins et 

al., 2011; Novartis). All seven studies were conducted in Belgium, which is considered to be 

a country that has the advantage of having large population, with two major cultures and 

languages - as well as urban and rural areas within the small country (Abraham et al., 2011).  

Such advantages make Belgium a good place for observational studies (Abraham et al., 



81 
 

2011). Table 3.1 shows the number of the physicians and patients included in all these seven 

studies with respect to the years that they started, number of patients, and physicians 

involved. Overall, the total number of hypertensive Belgian patients included in these seven 

studies was 19,533 and were investigated by 3,434 physicians in Belgium (Abraham et al., 

2011).   

       Table 3.2 explains the percentages of the female and male patients who were involved in 

these seven studies.  In each study, there was a baseline evaluation including the time that 

treatment with valsartan7 was started and a follow-up evaluation approximately 90 days 

later (Abraham et al., 2011, Van der Niepen et al., 2009).  For the current analysis, data from 

each study were merged together using identical variables from each study.  There were a 

total of 17,632 observations and 370 variables within the data set.  Variables with greater 

than twenty-five percent missing data were omitted from the analysis.  Single step data 

imputation was used for variables with less than twenty-five percent missing data.  

Imputation of continuous variables involved using the means for each respective variable. 

For example, the mean age for the analysis was 63.6 years of age; therefore 63.6 years was 

used to impute for missing observations.  For categorical variables, categories with the 

highest frequency were used to impute for missing observations.  For example, the category 

of Caucasians exhibited the highest frequency within the gender variable; therefore, all 

missing data within the gender variable was imputed with the Caucasian category.        

 

                                                           
7 A Belgian patient will be reimbursed for taking Valsartan as a second-line treatment of hypertension if first-
line of her/his treatment failed or was not tolerated 
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Table3.1: Number of patients and physicians included in the seven observational 

studies (Adapted from Abraham et al., 2011) 

 

Study  

 

Number of Patients  

 

Number of Physicians  

PREVIEW 3,194 504 

IMPROVE 3,950 684 

ADVANCE 3,599 602 

INSIST 1,014 308 

eNOVA 733 284 

BSCORE 3,497 354 

EXCELLENT  3,546 698 

Total  19,533 3,434 
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Table 3.2: The percentages of male and female patients in the seven observational 

studies (adapted from Abraham et al 2011). 

 

Study  

 

Percentage 

of Male  

(%) 

 

Percentage 

of female 

(%) 

PREVIEW 47.7 52.3 

IMPROVE 48.7 51.3 

ADVANCE 49.4 50.6 

INSIST 48.5 51.5 

eNOVA 49 51 

BSCORE 52.3 47.7 

EXCELLENT  53.9 46.1 

 

Table 3.3 depicts the different monotherapy and combinations of valsartan treatments that 

are included in all seven of the studies. There two doses strength 80mg and 160 mg of 

valsartan were used as monotherapy and in combination with 12.5 mg and 25 mg doses 

strength of HCTZ. Furthermore, these two doses of valsartan were used in combination 

with 5mg and 10 mg of amlodipine.   
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Table 3.3: Valsartan and its various combinations included in each study (Adapted 

from Abraham et al 2011). 

Study  Medications included  

PREVIEW Valsartan (80mg , 160 mg) Valsartan + HCTZ (80mg +12.5mg) 

IMPROVE Valsartan (80mg , 160 mg) Valsartan + HCTZ (80,160mg mg +12.5,25 mg) 

ADVANCE Valsartan (80mg , 160 mg) Valsartan + HCTZ (80mg, 160 mg +12.5mg, 25 mg)  

INSIST Valsartan +HCTZ (160mg+25mg ) 

eNOVA Valsartan (80mg , 160 mg) Valsartan +HCTZ (80, 160 mg+12.5mg),  

BSCORE Valsartan (80mg , 160 mg) 

Valsartan + HCTZ (80mg +12.5mg) (160mg+12.5mg), (160mg + 25mg) 

EXCELLENT  Valsartan+ Amlodipine (80mg +5mg), (160+5mg)(160+10mg)  

 

3.3 Time Period 

        Overall the time period of interest for this study was five years from 2004, when the first 

of the seven studies was started, to 2009, when the last study was completed. 

3.4 Study subjects and eligibility criteria  

        Patients’ data for this study was collected from seven observational studies (Van der 

Niepen et al., 2009; Lins et al., 2009; Van der Niepen et al., 2009; Lins et al., 2011; Novartis, 

Lins et al., 2011; Novartis). These seven studies had specific inclusion and exclusion criteria 

that a patient need to meet in order to be included in these studies.  In addition to these 

criteria, this study had the below inclusion criteria:  

1. Adult patients aged 18 years old and above 
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2-Hypertensive patients (male and female). The hypertension is defined as SBP is equal or 

more than 140 mmHg and/ or diastolic BP (DBP) is equal or more than 90mmHg. 

3- A diabetic patient whose SBP is equal or more than 130mmHg and or DBP is equal or more 

than 80mmHg. 

4- A patient who started Valsartan as a second line (As mono therapy or with one or/and 

two other antihypertensive classes such as thiazide diuretics and calcium channel blockers). 

Examples of different treatment intensities of monotherapy and combinations therapy 

include valsartan 80 mg , 160 mg , valsartan 80 mg/ hydrochlorothiazide (HCTZ) 12.5 mg , 

valsartan 160 mg/ HCTZ 12.5 mg,  valsartan 160 mg/ HCTZ 25 mg, valsartan 80 mg/ 

Amlodipine 5 mg, valsartan 160mg/ Amlodipine 10 mg, 

5- A Patient who had his/her either SBP and /or DBP controlled was eligible if the shifting 

him/her to a valsartan regimen happened because he/she did not tolerate and/or who did 

not benefit sufficiently from previous antihypertensive medications.  

6- A patient with history of cardiovascular diseases (CVD).  

      The exclusion criteria that delineated in all seven studies (Van der Niepen et al., 2009; 

Lins et al., 2009; Van der Niepen et a., 2009; Lins et al., 2011; Novartis, Lins et al., 2011; 

Novartis) include patients who has sensitivity to any member of the three drug classes: ARB, 

CCB and thiazide diuretics and patient who was on any investigational drug in the 30 days 

before recruitment to the study. In addition to these exclusion criteria, we added the below 

exclusion criteria: 

1- Patients who had another different antihypertensive drugs during the study.  
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3.5 Variables  

        Although there were slight different in terms of the variables across all the seven studies, 

all studies collected conceptually and/or operationally the same data (Abraham et al., 2011). 

As previously mentioned, these conceptually and operationally similar variables were used 

as a reference point when merging the data sets from each of the previously mentioned 

studies. The data were considered as patient data which were gathered in a daily basis in 

clinical practice (Abraham et al., 2011).   

3.5.1 Independent variables 

       In this study, the independent variables included: 1) Treatment intensity; 2) Age; 3) 

Gender 4) Whether or not patient is a diabetic and 5) The adherence status. Patients who 

skipped two consecutives doses of valsartan centric regimens were categorized as non- 

adherent patients. 

Furthermore, some of the continuous variables within the dataset were converted into 

categorical variables. For example, patients’ age was categorized into two groups: < 65 years 

of age and > 65 years of age.  BMI was calculated using patients’ height (converted from 

centimeters to meters) and weight.  BMI was further converted into four sub-categories for 

exploratory analyses: “Underweight”; < 18.5 kg/m^2, “Normal”; 18.5-24.9 kg/m^2, 

“Overweight”; 25-29.9 kg/m^2 and “Obese”; > 30kg/m^2.  Figure 3.1 shows the various 

valsartan regimens that were used in this study. Starting with either a single drug, valsartan 

at different doses, or combination therapy with hydrochlorothiazide and/or amlodipine. The 

way that the treatment intensity was calculated in this study was based on Bailey’s approach 

of calculating treatment intensity. This can be calculated by dividing a daily given dose that 

a patient takes from one drug by maximum daily recommended dose of this drug (Bailey et 
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al., 2008). To determine the maximum daily dose of valsartan and other included 

combinations, monthly prescription references (MPR), literature and experts’ opinion were 

used (Bailey et al., 2008). The next section explained the Bailey’s method of calculating 

treatment intensity.   

3.5.1.1 Calculating the treatment intensity  

      This study applied Bailey’s method for calculating the treatment intensity. For 

monotherapy regimen, the intensity scores was calculated as the recorded daily dose of 

valsartan (e.g. 80 mg/ 160mg) taken by a patient was divided by maximum daily dose (320 

mg) of valsartan for hypertension (MPR 2014) to obtain a proportional dose for valsartan.  

Therefore, if a patient is taking an 80mg daily dose of valsartan for which 320 mg was the 

maximum daily dose, then the intensity rate is equal to 80/320= 0.25. To allow for 

comparability of Valsartan regimens across patients taking valsartan with other drugs (e.g. 

valsartan and amlodipine) then the intensity score was calculated in two steps: First the 

intensity rate was calculated separately for each medicine. Second, the resulted intensity 

rates from both medicines were added to each other (Bailey et al., 2008).  For the current, 

analyses, five Treatment Intensity groups were calculated for the following treatment 

regimens (Table 3.4). Furthermore, the assumption was made that the effect of the treatment 

regimens with the same Treatment Intensities were equal.  

Table 3.4 Treatment Regimens with their Associated Treatment Intensities 

Variable  drug Treatment intensity  

1 Diovan 80mg 0.25 
2 Diovan 160mg 0.5 
3 Co-diovan 80mg/12.5mgHCTZ 0.5 
4 Co-diovan 160mg/12.5mg HCTZ 0.75 
5 Co-diovan 160mg/25mgHCTZ 1 
6 Exforge 5mg/80  0.75 
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8 Exforge 5mg/160 1 
9 Exforge 10/ 160 1.5 

 

3.5.2 Dependent variables  

       The dependent variables include 1) Controlled Systolic Blood Pressure: when the SBP 

reading from the baseline to after 90 days lowers to 140 SBP, 130 SBP among diabetics; 2) 

Controlled Diastolic Blood Pressure: when the DBP reading from the baseline to after 90 days 

lowers to 90 DBP, 80 DBP among diabetics  ; 3) Controlled Combined Blood Pressure: when 

the change in the combination SBP/DBP from the baseline to after 90 days lowers to 140 

systolic and 90 diastolic, 130 systolic and 80 diastolic among diabetics; 4) Total 

Cardiovascular Risk after 90 days from the start of treatment. In addition to the above 

variables we included the economic variables which included: 5) the total cost saving 

associated with high intensity rate; 6) the total cost saving associated with medium intensity 

rate; 7) the total cost saving associated with low intensity rate.   

      Total Cardiovascular Risk (TCVR) is comprised of five sub-categories: Average added 

Risk, Low added Risk, Moderate added Risk, High added Risk and Very High added Risk 

(Mancia et al., 2013).  The allocation of these categories is dependent upon which SBP or DBP 

category the patient falls into and the number of risk factors the patient may have (Mancia 

et al., 2013).  Risk factors were extrapolated from the data set which closely resembles 

variables used in previous literature.  These risk factors were gender, males > 55 years old, 

females> 65 years old, current smokers, former smokers, total cholesterol >190 mg/dl, LDL 

> 115 mg/dl, HDL <40 mg/dl, diabetes status, waist circumference >102cm for males and > 

88 cm for females, other diseases which include diabetes mellitus type 1 and 2, metabolic 

syndrome, renal disease, and cardiovascular disease (Mancia et al., 2013). We based our 
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calculation for TCVR on the ESH-ESC guidelines for calculating TCVR (Mancia et al., 2013, 

Abraham et al., 2011).  

       To calculate TCVR for this study, we categorized BP into five groups: SBP 120-129 or DBP 

80-84, SBP 130-139 or DBP 85-89, SBP 140-159 or DBP 90-99, SBP 160-179 or DBP 100-

109, and SBP >180 or DBP >110.  Next, we categorized by the number of risk factors: 0, 1-2, 

>3 or Metabolic syndrome, diabetes, or cardiovascular disease and renal failure.   If the 

patient had SBP 120-129 or 130-139 or DBP of 80-84 and 85-89 with zero risk factors, the 

patient is said to have average risk of TCVR (Mancia et al., 2013).  Patients within the same 

SBP and DBP groups with 1-2 risk factors are said to have low risk TCVR (Mancia et al., 2013).  

Patients within the same SBP and DBP groups with >3 risk factors or observe metabolic 

syndrome or diabetes are labeled as moderate and high risk TCVR respectively (Mancia et 

al., 2013).  Allocation of TCVR categories continues with moderate risk, high risk, and very 

high risk until all categories and risk factors are accounted for.  Any patient with 

cardiovascular and renal disease has very high risk of TCVR (Mancia et al., 2013).  
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Figure 3.1: Various monotherapy and combination therapies of Valsartan.  

 

 

 HCTZ= Hydrochlorothiazide,  

 

3.6 Statistical analysis 

       In addition to general summary statistics we used Bailey et al., 2008 approach for 

examining the impact of antihypertensive drugs on B.P and TCVR as well.  We proposed to 

use statistical methods for failure time analysis.  Specifically, Cox Proportional Hazards 

Models were used to report Hazard Ratios and 95% Confidence Intervals to determine the 

association between the selected covariates and the dependent variables.  The full Cox 

Hazards Model included the variables of Age, Gender Race, BMI, Diabetes status and 

Adherence Status.  These variables were included into the full model to test the originally 

stated hypotheses.  BMI and Race were added as an exploratory measure.  Age, Gender and 

Adherence status were examined as possible effect modifiers; therefore, these variables 
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were separately removed from the full model in order to implement the Likelihood Ratio 

Test; statistically comparing the reduced models to the full model.  When statistical 

significance effect modification was observed, the full model was stratified by the significant 

variable ascertained from the Likelihood Ratio Test.  For exploratory purposes, models were 

stratified with statistically insignificant effect modifiers to test originally stated hypotheses.    

       Kaplan-Meier were used to model the probability of reaching SBP, DBP and combined 

SBP/DBP control as a function of (not time but) antihypertensive treatment intensity in 

valsartan-centric regimens.   Each of the dependent variable, SBP, DBP, SBP/DBP, and TCVR 

were stratified by age, gender, diabetes status and Adherence Status.  After stratification, the 

Log-Rank test for heterogeneity was used to ascertain significant differences between the 

stratified categories. 

3.6.1 Descriptive statistics  

      Descriptive statistics includes the analyses of frequencies, percentages, means, and 

medians for all variables.  First, anthropometric and clinical characteristics were assessed 

for the total population.  Continuous data, such as age, height, weight, and BMI were 

expressed as mean + SD, while dichotomous variables, such as gender, race, diabetes status, 

adherence status, treatment intensity, and TCVR were presented as frequencies along with 

percentages (McBride et al., 2004).  Furthermore, associations between gender, race, 

diabetes status, adherence status, treatment intensity, TCVR and SBP, DBP, and combined 

SBP/DBP were ascertained using the Chi-squared test. 

         Next, frequencies and percentages of controlled SBP, DBP, and combined SBP/DBP were 

assessed after stratifying against Age (<65 and >65), Gender, adherence status, diabetes 
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status, treatment intensity, and TCVR.  P-Values were calculated using Chi-squared analysis 

for association ascertainment.   

       Finally, total frequencies and percentages of TCVR categories were assessed after 

stratifying by age, gender, adherence status, diabetes status, and treatment Intensity.  Chi-

squared analysis was used to ascertain the associations between the selected covariates and 

TCVR.  

3.6.2 Kaplan Meier (K-M) estimator  

       The Kaplan-Meier survival (K-M) is defined “as the probability of surviving in a given 

length of time while considering time in many small intervals” (Goel et al., 2014). The 

advantages of using K-M estimator of survival function over other methods such as life table 

estimates are that: the K-M estimator method does not require arbitrary definition of the 

intervals; has excellent statistical properties (i.e. the K-M estimate has a normal distribution 

for large samples); and is considered a nonparametric estimate (Vittinghoff et al., 2005; Roe 

2013).  Nevertheless, the use of K-M curves and estimates is different in this study, as it is 

normally used to estimate survival function at different times (times-to-death) (Rich et al., 

2010).  

        In this study, K-M curves and estimators was used to deal with not a “time to event” but 

“treatment intensity to event” (Bailey et al., 2008). In survival analysis, survival function at 

time t is usually defined as the probability of survival up to time t for each t ≥ 0 (Rosner 

2011). In this study, however, treatment intensity was used instead of time. Therefore, 

instead of calling it as survival function at time, we used the term “not reaching BP target 

function” at treatment intensity, which is defined as the probability of not reaching the target 

BP at this specific treatment intensity (NBP)(Bailey et al., 2008).  We used Pna to denote for 
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probability of not reaching the target BP and TEi to denote the true treatment intensity at 

which the target BP occurred (i=A specific dose of either valsartan alone or with other 

combinations).  

     The method we used in this study was used following the Bailey’s approach to estimate 

the cumulative probability distribution of not reaching the target BP, at different treatment 

intensities (Bailey et al., 2008). More specifically, we used this method to estimate the 

probability of “not reaching the target BP” at various intensity of monotherapies and 

combinations of valsartan therapy. Recall that BP target or control is defined according to 

JNC (James et al.,) and European guidelines (Mancia et al., 2013) for hypertension 

management as SBP <140mmHg and DBP >90mmHg and for diabetic patients; the BP target 

is <130/80mmHg. It is assumed that patients have two possible events that may occur in 

which either a patient has the event (BP target just achieved) or they are right censored 

(Bailey et al., 2008).  Censoring is when some participants may not have yet experienced the 

outcome of interest - which in this case is the target BP, may be due to lost to follow up, drop 

out from the study or other reasons, when analysis is conducted (Roe 2013; Vittinghoff et al., 

2005). A right-censored at specific treatment intensity happens if the group of patients were 

followed until that specific treatment intensity (tei) but had not yet had the BP controlled 

(Bailey et al., 2008).  Table 3.1explains that for each observation, there are two possible 

events: target BP reached or not. A dummy variable (i) was defined in this study for whether 

or not the target BP reached. i=1 if target BP reached and i = 0 if not (censoring) (Roe 2013). 
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Table 3.5 The correspondence values of treatment intensity (Adapted from Roe 2013).  

Target BP reached Value of i Value of treatment 
intensity 

Yes 1 TEi 
No 0 tei 

 
3.6.3 Estimators of the” non- reaching the target BP” and Cumulative Hazard Functions 
for Right-Censored Data 
      The standard estimator, which is also called the product limit estimator, (Klein& 

Moeschberger 1997) for not reaching the target BP is defined for all values of treatment 

intensity in the range where a data is:  

NBP (te) = Π Pi= Π(1-dj /nj )      3.1   
                  TE≤ te                               

 
NBP= Not reaching the target BP function  

te    =The treatment intensity at which patient had not reached BP target yet 

TE    = Treatment intensity at which event reached (target BP achieved)  

 dj = the number of people who reached the BP control at treatment intensity TEI   

nj = the number at risk just before the treatment intensity TEi 

This product limit estimator is a step function with jumps at the observed target BP 

treatment intensity and the size of these jumps is based on two things (Klein& Moeschberger 

1997):1- the number of reaching the target BP event at each treatment intensity TEi and the 

pattern of the censored observation that happen before the TEi.  As shown in the table 3.2 

that if the event reached (BP target just achieved) then the estimated probability of reaching 

the target BP was different than the estimated probability of not reaching the target BP (Roe 

2013).  
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Table 3.6: The estimated value of probability of reaching or not reaching the target BP 
(Adapted from Roe 2013). 
  

Target BP reached Value of i Estimated value of Pi 

Yes 1 1-dj/nj 
No 0 1 

 
 
        The probability distribution of the failure treatment intensity can be specified using 

three methods: survivor function, the probability density and hazard function (Kalbfleisch & 

Prentice 2002). The hazard function (tI) specifies the instantaneous rate at which failures 

happen for a patient who had not reached the target BP at treatment intensity tE  (Kalbfleisch 

&Prentice 2002).  The hazard ratio is derived from the Cox proportional hazard model 

(Spruance et al., 2004) and was used to describe the outcomes of this study. In fact, using Cox 

proportional hazards regression which is one of the common analytic methods to analyze 

the K-M curve is more attractive because of the powerful and flexibility of this specific 

method over other two methods (survivor function and the probability density function) 

(Spruance et al., 2004).  It is beyond this study to explain the difference between these three 

methods but it was worth mentioning that the hazard function specifies the distribution of 

tE and therefore determines both survivor function and probability density function 

(Kalbfleisch &Prentice 2002). 

      We must assume that the treatment intensity is progressively increasing (continuous), 

therefore the hazard function can be defined for continuous distribution as: 

(tE)= limh-0 P(t≤ TEi < tei +h- TEi ≥ tei)/h  where 

The cumulative distribution function (F(tE)) equation can be written as 

Pna (TEi) = probability of not reaching target BP = 1 – F(tE)  

Probability (TE < tE) (Roe 2013). 
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        For the construction of treatment intensity and ‘not reaching the BP control” (we also 

call it not reaching the target BP) probabilities and curves, the treatment intensities for 

individual subjects were arranged from lowest (i.e. 80 mg valsartan) to highest (triple 

combination160 mg valsartan+ 10 Amlodipine+25 mg Hydrochlorothiazide), without regard 

to when they entered the study (Rich et al., 2010). Each subject in this data is characterized 

by three variables: 1) the treatment intensity, 2) the corresponded BP and TCVR after 

observed treatment intensity and 3) the category. 

We must then assume that the probability of not reaching of BP decreases with increasing 

the treatment intensity, in order to satisfy the survival analysis (Bailey et al., 2008).   The 

other assumptions which were following Bailey’s assumptions include the following: 

1- We assume that the” efficacy event” that we observed was reached at the minimum 

treatment intensity at which target BP just reached 

2- We assume the “right censored” (i.e. patient has not yet achieved the target BP) 

happened because the treatment intensity for reaching the target BP would be more 

than the observed value of treatment intensity. 

3.7 Calculating the cost associated with controlled and uncontrolled BP across 

different levels of antihypertensive treatments intensity 

          Figure I explains that principally there were five events implemented in the simulation 

models which can lead to achieving the target BP.  For each treatment intensity, we observed 

two types of observations: first the percentage of controlled patients (Patients who just 

achieved the target BP) and the percentage of non-controlled (patients who had not achieved 

the target BP yet).  We used direct medical cost that were estimated for the hospitalization 

of hypertensive patient, without other comorbidities such as ischemic heart disease and 
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other cardiovascular diseases.  According to medical expenditure panel survey that annual 

expenditures for those treated for hypertension averaged $733 per adult in 2010 (AHRQ 

2014).   

Figure 3.2: Simulation model for calculating direct and indirect cost saving  
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      Based on the results from other studies (Oparil et al., 2011) that examined the low versus 

intensive antihypertensive therapy, we made the following assumptions to estimate the total 

cost avoidance of taking different levels of valsartan centric regimen:  

1- All patients had tried all these different intensities. That is, they started from the 

lowest treatment intensity of 0.25 and continue until the highest treatment intensity 

of 1.5   

2- We assumed patients who had their BP controlled in the lower treatment intensity 

then they would have their BP controlled if they tried the next treatment intensity. 

For example, patients whose BPs were controlled by taking treatment intensity of 

0.25 would be also controlled by the treatment intensity of 0.5. 

3- Patients who were not controlled by a specific treatment intensity for example 0.25 

should be controlled by the following treatment intensity which is 0.5. This 

assumption did not include patients who were not controlled at treatment intensity 

0.5. Those patients would be assumed to be controlled in the treatment intensity of 

0.75.   

3.8 Expected Limitations of the study  

     We recognized several limitations that were related to the methodology, the assumptions 

for conducting the analysis, and the internal and external validity of this study. Some of 

which agree with the Bailey et al., 2008 study. The first limitation is that although using 

treatment intensity for the event instead of time seems like a new and more appealing 

approach, there is chance that this method may bring an element of bias to the final results.  

The reasons for the bias may be that treatment intensity calculation does not differentiate 
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between the three medicines that were used in this study (Bailey et al., 2008). In addition, 

treatment intensity may not provide an accurate estimate of the additional power that HCTZ 

or Amlodipine can add to Valsartan. In other words, this method may not tell us exactly 

whether 12.5 mg of HCTZ is more powerful than 5 mg of amlodipine or not because it deals 

with number more than with the drug itself (Bailey et al., 2008). 

   The second limitation that we recognized is that the data for this study was collected from 

observational studies, which mean this study would have the bias that is normally present 

in observational studies. This may lower the internal validity, which may affect the final 

results of this study (Slack & Draugalis 2001).The third limitation is related to the 

generalizability of this study. Since the data was collected from only seven studies, all of 

which were conducted in Belgium, we may not be able to generalize the results of this study 

to other populations from various nations (Slack & Draugalis 2001). 

3.9 Human Subjects Approval 

This research has been reviewed and granted the approval by the University of Arizona 

institutional review board. 

 

 

 

 

 



100 
 

Chapter 4: Results 

4.1 Data Management 

           The database used for this study includes but not limited to all of the following 

variables: 1) Demographic variables (e.g. Patient’s age, gender and race) 2) Medical history 

for patients 3) Anti-hypertensive medications therapy that were used by patients before and 

at the beginning of the study including the dose of valsartan and its combination therapy 4) 

Current clinical data (e.g. level of  SBP and DBP, fasting glucose, LDL level) at visit one and at 

visit two after 90 days and 5) patient compliance and adherence to anti-hypertensive drugs.  

All data management and statistical analyses was conducted using STATA version 13 

(College Station, TX). For the current analysis, data from each study were merged together 

using identical variables from each study.  There were a total of 17,632 observations and 370 

variables within the data set.  For missing variables we used multiple and single step 

imputation techniques. Categories with the highest frequency were used to impute for 

missing observations.  For example, the category of Caucasians exhibited the highest 

frequency within the gender variable; therefore, all missing data within the gender variable 

was imputed with the Caucasian category.   Multiple imputation, 20 times, was used for 

continues variables. For example the level of cholesterol was imputed for 20 times and then 

the average was used.        

 

 

 

 

 



101 
 

4.2 Study Population 

         Table 4.1 shows the descriptive characteristics of the 17,632 observations in the current 

analysis and the values of their SBP, DBP and SBP/DBP. The mean age of this population was 

63.63 + 11.83 years of age with a mean BMI of 28.45 + 3.13 kg/m^2.  47.7 percent of the 

population was male and the vast majority of the population was Caucasian (98%). At visit 

one, the total number of population who had their SBP controlled was 1358.  Of them, 56% 

were <65 and 44% were ≥65 years old. The total number population who had controlled 

DBP was 5301 (43.6% for age <65 and 46.4% for age ≥65). However, for the combination 

SBP/DBP, the total number of the controlled population was 1091: of them 52% were <65 

years old and 48% were ≥65 years old. Furthermore, at the baseline female population had 

the highest percentages of controlled SBP, DBP and SBP/DBP with 54%, 51.6% and 54.6%, 

respectively. For diabetic patients, the control rate for SBP, DBP and combined SBP/DBP 

were 7.9%, 32% and 6.9%, respectively.   

       Assessing the total cardiovascular risk (TCVR) at visit one, it was observed that 1.1 %, 

21.1% and 22.1%  of the population had low added risk, moderate added risk and high added 

risk TCVR. However, the percentage of population who classified as a very high added risk 

TCVR was 53.1 (Table 4.2). The percentages of <65 years old population were higher in both 

high and very high added risk TCVR (55.5% and 60.8, respectively) while the percentages of 

≥65 years old population were higher in both low and moderate added risk TCVR (50.5% 

and 60.8%, respectively) . Male population in our study had higher percentages of both 

moderate, and high added risk of TCVR (53.2% and 50.4%, respectively) but the percentage 

of very high added risk and low added risk TCVR were higher in women (51% and 55.5%, 

respectively).  
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Table 4.1.  The descriptive characteristics of the total Population and their SBP, DBP 

and SBP/DBP at the baseline 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
  
 

 

 

*P-values calculated with regression models for continuous variables and chi-squared analyses for categorical variable 

 

 

 Total Population 
(N=17,632) 

SBP 
Controlled  

DBP  
Controlled 

SBP/DBP 
Controlled 

     

Age  
(mean years, SD) 
 
<65 N (%) 
 
≥65 N (%) 

 
63.63 + 11.83 
 
9,288 (52.7%) 
 
8,345 (41.3%) 

 
 
 
775 (56%) 
 
610 (44%) 

 
 
 
2,309 (43.6%) 
 
2,992 (56.4%) 

 
 
 
567 (52%) 
 
524 (48%) 

 
Gender   
Male N (%) 
 
Female N (%) 
 
 
Race  
White N (%) 
 
BMI (kg/m2) 

 
 
8417 (47.7%) 
 
9,214 (52.3%) 
 
 
 
17,451 (98.9%) 
 
28.45 + 3.13 

 
 
623 (45.6%) 
 
762(54.4%) 
 

 
 
2,568(48.4%) 
 
2,733 (51.6%) 
 

 
 
495 (45.4%) 
 
596 (54.6%) 
 

 
Weight (kg) 

 
81.03 + 16.26 

 
 

 
 

 
 

 
Height (cm) 

 
168.96 + 9.64 

 
 

 
 

 
 

 
 
Diabetes 
 (yes %) 
   

 
 
 
6231 (35.3%)                

 
 
 

 
 
 
491 (7.9%)  
 

 
 
 
2,003 (32%)           
 

 
 
 
396 (6.3%) 
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Table 4. 2: The descriptive characteristics of the total population and their TCVR at 
the baseline 

 

 

4.3 The results for the SBP, DBP and combined SBP/DBP outcomes  

           Table 4.3 shows the total frequencies and percentages of controlled SBP, DBP, and 

combined SBP/DBP stratified by selected covariates after 90 days of visit one. The results 

showed statistically significant increase in the total number of controlled population 

compared to visit one.  In other words, taking valsartan centric regimens was associated with 

higher control rate in SBP, DBP and SBP/DBP. People who were <65 years of age had a higher 

percent of observed controlled SBP compared to the ≥65 years of age group (55.8% vs 

 TCVR   
Covariates  

Low added risk 
 
Moderate added 
risk 

 
High added 
risk 

 
 

 
Very high risk     P-Value 

 
N (%) 
 
Age (years) 
<65 (%) 
 
≥65 (%) 

 
192 (1.1%) 
 
 
95 (49.5%)  
                                
97   (50.5%)                

 
3,721 (21.1%) 
 
 
1,089 (29.3%) 
 
2,632 (70.7%) 

  
3,888 (22.1%) 
 
  
2,159 (55.5%) 
 
1,729 (44.5%) 

     
         9,362  (53.1% ) 
 
                                            
          5,698 (60.8%) 
                                         <0.001 
          3,664 (39.2%) 

 
Gender 
Male (%) 
 
Female (%) 
 
 
Diabetes                                              
No (%) 
 
Yes (%) 
 

 
 
94 (49) 
 
98 (51) 
 
 
 
192 (100%) 
                      
0       (0%) 
 
 
 
 
 

 
 
1981 (53.2%) 
 
1739 (46.8%) 
 
 
 
3721 (100%) 
 
   0 (0%) 
 
 
 
 

  
 
1,961 (50.4%) 
 
1,927 (49.6%) 
 
 
 
118 (3%) 
 
3770 (97%) 
 
 
 

 
 
 

 
                  
         4,175 (44.5%)   
                                          <0.001                  
           5,186 (55.5%) 
    
                                           
   
          7,063(75.4%) 
                                          <0.001 
          2,299 (24.6%)                   
 
  
     
 



104 
 

44.2%, respectively). Furthermore, the total number of population with controlled DBP 

increased significantly in visit two compared to visit one (10,518 vs 5301, respectively). The 

percentage of the total controlled DBP were higher in <65 years compared to ≥65 years old 

patients (52% vs 48% respectively). Moreover, people who were <65 years group showed 

higher percentage of controlled SBP/DBP compared to the >65 aged group (55.4% vs 44.6%, 

respectively).   Furthermore, the analysis of this study showed that the observed controlled 

rates in both SBP, and SBP/DBP were higher in female population when compared to male 

population (54.5 %, and 54.4% respectively vs 45.5%, and 45.6%, respectively). However, 

with regard to the DBP the result showed statistically insignificant (p= 0.252).   

          With regard to adherence that patients who were adhering to the treatment plan 

showed statistically significant higher controlled levels of SBP, DBP, and SBP/DBP compared 

to the non-adhering group (78.5%, 77.1%, and 92.7%, respectively vs 21.5%, 22.9% and 

6.3%, respectively) (p=<0.001). However, the analysis presented that the observed 

controlled rates of SBP, and SBP/DBP were statistically significant lower in diabetic patients 

as compared to non-diabetic patients (13.3%, 13%, and 7.2% vs 86.7, 87% and 92.7%, 

respectively) (p=<0.001). With regard to the treatment intensity, our analysis showed that 

patients with a treatment intensity of 0.50 reported the highest percentages of controlled 

SBP, DBP, and SBP/DBP (46.7%,48.7% and 48.7%, respectively) while the treatment 

intensity of 1.5 observed the lowest percentages (4.5%, 4.3% and 4.3%, respectively).  
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Table 4.3. Total Frequencies and Percentages of Controlled SBP, DBP, and Combined 
SBP/DBP Stratified by Selected Covariates 

 

 

*P-values calculated with regression models for continuous variables and chi-squared analyses for categorical 

variables. 

 

   

Covariates SBP                   *P-Value 
N (%) 

  DBP                *P-Value 
  N (%) 

SBP/DBP  
N (%) 

*P-Value 

Age (years) 
<65 
 
≥65 

                              <0.001 
3,839 (55.8%) 
                               
3,046 (44.2%) 

 
5,468 (52%) 
 
5,050 (48%) 

0.028 
 

                              <0.001 
3,275 (55.4%) 
 
2,637(44.6%) 

 
Gender 
Male 
 
Female 
 
Adherence 
Yes 
No 
 
Diabetes                                              
Yes  
 
No 
 
Treatment                               
Intensity 
 
0.25 
 
0.5 
 
0.75 
 
1 
 
1.5 

                           
                              <0.001 
3,131 (45.5%) 
 
3,754 (54.5%) 
                           
                            <0.001 
5,408 (78.5%) 
 
1,477 (21.5%) 
                          
                           <0.001 
918 (13.3%) 
 
5,967(86.7%) 
                          
                           <0.001 
 
521 (7.8%) 
 
3202 (46.7%) 
 
1116 (16.3%) 
 
1715 (25%) 
 
305 (4.5%) 
                           
                           
 
 

 
 
4,984(47.4%) 
 
5,534(42.6%) 
 
 
8,108(77.1%) 
 
2,410(22.9%) 
 
 
1,374 (13%) 
 
9,144 (86%) 
 
 
 
767 (7.3%) 
 
5110 (48.7%) 
 
1667 (15.9%) 
 
2480 (27.1%) 
 
458 (4.3%) 
 
 
 
 
 

 
0.252 
 
 
 
 
<0.001 
 
 
 
 
<0.001 
 
 
 
 
<0.001 
 
 
 
 
 

                             
                              <0.001 
2,696 (45.6%) 
 
3,216 (54.4%) 
                             
                             <0.001 
4,677 (92.7%) 
 
1,235 (7.3%) 
                             
                             <0.001 
429 (7.2%) 
 
5,483 (92.8%) 
                            
                             <0.001 
 
436 (7.4%) 
 
2766 (48.7%) 
 
9.25 (15.9%) 
 
1514 (27.1%) 
 
251 (4.3%) 
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4.4 The results for the TCVR outcome 

          Total frequencies and percentages of the sub-categories of TCVR stratified by selected 

covariates after 90 days are reported in table 4. 4. Within the age category, higher percentage 

of low added risk category was observed in the <65 years group (55%) compared to the ≥65 

years group (45%).  Females were shown to have higher percentage of low added risk 

compared to males (51.4% vs 48.6% respectively).  Similarly, patients who adhere to their 

treatment plan exhibited higher percentages of low added risk category compared to the 

non-adhering group (79.5% vs 20.5%). There were a total of 3,331  non-diabetics had low 

added risk TCVR while there was no low added risk observed in diabetics patients. 

Furthermore, higher percentages of low added risk category were shown in patients who 

had a treatment intensity of 0.50 (46.4%) followed by the treatment intensity of 1 (28.2%) 

and then treatment intensity of 0.75 (13.5%). The low percentages 4 % and 7% were seen 

on patients who took drugs with treatment intensity of 1.5 and 0.25, respectively. 

         Similar characteristics of moderate added risks class were exhibited throughout the 

selected covariates. People with the age <65 years had higher percentage of moderate added 

risk category compared to people aged ≥ 65 years old (53.5 %vs 46.5% respectively). The 

discrepancy can be seen also within the gender variable that males had higher percentages 

of moderate added risks category compared to the female population (50.4% vs 49.6%).  

With regard to adherence status, the total of population who were observed moderate added 

risk category CVR was 4,162. Of them, 73.3% were adherent to their medicine and 26.7% 

were non-adherent. With respect to diabetes, a higher percentage (89.3%) of the moderate 

added risk class was observed in non-diabetic patients and only 11.7 % in diabetic patients. 
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           Regarding to the treatment intensity, the lowest percentage of the moderate added rick 

TCVR category (4.9%) was seen in patients who had a treatment intensity of 1.5 while the 

highest percentage of the moderated added risk TCVR was seen in patients who had a  

treatment intensity of 0.5 (50.3%). 

         Patients who were categorized as high added risk category were <65 years of age 

(55.3%), male (50.3%), adhered to their treatment regimen (72%), diabetic (97.5%), and 

administered a treatment intensity of 0.5 (49.5%). Patients who had treatment intensity of 

0.75 had a higher percentage of high added risk class (23.6%) compared to the rest of people 

who had treatment intensity of 1 (17.2%) and 0.25 (6.4%).  

        However, the very high added risk category exhibited different characteristics compared 

to the other categories of TCVR.  Patients who aged 65 years and older old exhibited a higher 

percentage of very high added risk category class (51%) compared to people who were <65 

years old (49%). In addition, there was a higher percentage of female population in this 

category compared to male population (56 % vs 44%, respectively). With regard to 

adherence, a very high percentage of very high added risk class was seen in patients who 

were categorized as adherent to the valsartan regimens compared to patients who were 

categorized as non-adherent to valsartan regimens (74.2% vs 25.3%). Furthermore, patients 

with no diabetes had a higher percentage of very high added risk TCVR compared to patients 

with diabetes (68.3 % vs 31.7%, respectively).   Similar to the previous categories of TCVR, 

the treatment intensity of 0.5 reported the highest percentage of very high added risk TCVR 

(47%) followed by the treatment intensity of 0.75 (23.1%) and treatment intensity 1 with 

(18.7%), while the lowest percentages of the very high added risk category, 4 % and 7.2 % 
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were seen in patients who had treatment intensity of 1.5 and 0.25, respectively. The 

univariate analysis showed that all covariates had crude associations with the dependent 

variable of TCVR (p-value=<0.001).   

Table 4.4. Total Frequencies and Percentages of Categories of TCVR Stratified by 
Selected Covariates. 

 

*P-values calculated with regression models for continuous variables and chi-squared analyses for categorical 

variables.   

 TCVR   

Covariates  
Low added risk 

 
Moderate added 
Risk 

 
High added 
risk 

 
 

 
Very High Risk     P-Value 

N (%) 
 
Age (years) 
<65 
≥65 

    3,331(18.9%) 
 
 
1,832(55%) 

1,499 (45%) 

4,162(23.6%) 
 
 
2,225 (53.5)     
1,937(46.5%) 

 3,818 (21.6%) 
 
 
2,108 (55.3%)      
1,710 (44.7%)             

      5,852 (33.1%) 
 
                                    <0.001                  
      2,876 (49%)           
      2,976 (51%) 

 
Gender 
Male 
Female 
 
Adherence 
Yes  
No 
 
Diabetes                                              
Yes 
No 
 
Treatment                               
Intensity 
0.25 
0.5 
0.75 
1 
1.5 
 

 
 
1620 (48.6%) 
1709 (51.4%) 
 
 
2,649 (79.5%) 
680   (20.5%) 
 
 
0 (0%) 
3,331 (100%) 
 
 
 
234(7%) 
1544 (46.4%) 
450 (13.5%) 
941 (28.2%) 
155 (4.7%) 

 
 
2,098(50.4%)      
2,064(49.6%) 
 
 
3,051(73.3%)       
1,111(26.7%) 
 
 
490 (11.7%)        
3,672(89.3%) 
 
 
 
291 (6.9%)      
2092 (50.3%)         
519 (12.5%) 
1053 (25.3%)         
203 (4.9%) 

  
 
1,921 (50.3%)       
1,897 (49.7%) 
 
 
2,750 (72%)       
1,068 (28%) 
 
 
3,724(97.5%)      
94 (2.5%) 
 
 
 
239 (6.3%)       
1,892 (49.5%)         
901 (23.6%)         
656 (17.2%)         
175 (4.6%) 

 
                                    <0.001                  
    2572(44%)     
    3280 (56%) 
 
                                    <0.001                  
    4,344 (74.2%)         
    1,508 (25.3%) 
 
                                    <0.001                  
    1,911 (32.7%)      
    4,108 (68.3%) 
 
 
                                    <0.001                  
    419(7.2%)       
    2747 (47%)         
    1347 (23.1%)         
    1094 (18.7%)        
    236 (4%) 
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4.5 Cox Proportional Hazards Models 

         Hazard ratios (HR) and 95% Confidence Intervals were reported in Table 4.5. The 

dependent variables that included in this table include SBP, DBP and combination SBP/DBP. 

The next section explained the adjusted HRs for the full and reduced model prediction of 

controlled SBP and DBP and SBP/DBP. 

4.5.1 SBP Model  

         With respect to the dependent variable of controlled SBP, the Cox model showed 

statistically significant HR’s for the covariates age (HR=0.99, p=0.008), BMI (HR=0.98, 

p=<0.001), diabetes status (HR=0.31, p=<0.001), and adherence status (HR=0.84, p=<0.001).  

When age was removed from the full model, the reduced model showed that gender and race 

were statistically insignificant (HR=1.02, p=0.385 and HR=0.80, p=0.154 respectively) while 

BMI, diabetes status and adherence status were statistically significant (HR=0.98, p=0.002, 

HR=0.30, p=<0.001, and HR=0.81, p=<0.001 respectively).  The likelihood ratio test (LR) 

showed that the variable age is a statistically significant effect modifier thus stratification by 

age is needed. (Stratifications by each variable were explained later).  

           The exclusion of the gender variable from the second reduced model rendered a 

statistically insignificant HR for the variable race (HR=0.81, p=0.172).  All other variables, 

age, BMI, diabetes status, and adherence status, reported HR’s below the 0.05 level of 

significance (HR=0.99, p=<0.006, HR=0.98, p=0.001, HR=0.31, p=<0.001, and HR=0.84, 

p=<0.001 respectively).  Stratification by the variable gender is not needed statistically due 

to the statistical insignificance of the LR (p=0.658).  However, stratification by gender was 

assessed and explained later in this chapter for exploratory purposes.   
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         The third reduced model excluded the variable adherence status. When adherence 

status was removed from the model, age, BMI and diabetes reported statistically significance 

HRs (HR=0.99 p=0.019, HR=0.98 p=0.01, 0.30 p= <0.001). All other variables gender and race 

showed statistically insignificant HR’s (HR=1.01, p=0.750 and HR=0.81, p=0.188 

respectively). However, the LR showed that a stratified model by adherence status is 

required (p=<0.001).  

       The final reduced model excluded the variable diabetes status. The exclusion of the 

diabetes from the final reduced model led to a statistically insignificant HRs for the variables 

gender and race (HR=1.01, p=0.695, HR=0.67, p=0.007).  However, variables include age, 

BMI and adherence status reported statistically significance HRs (HR= 0.99, p= <.001, HR= 

0.97 p=<0.001, HR=0.80, p= <0.001respectively).  The LR showed that a stratified model by 

diabetes status should be conducted (p=<0.001). 

4.5.2 DBP Model 

          The full Cox model showed statistically significant HR’s for the covariates age (HR=1.00, 

p=<0.001), gender (HR=0.96, p=0.035, BMI (HR=0.98, p=<0.001), diabetes status (HR=0.29, 

p=<0.001), and adherence status (HR=0.92, p=<0.001) when DBP was the dependent 

variable.  Race was statistically insignificant (HR=0.79, p=0.069). 

      Exclusion age from the first reduced model showed that all of the covariates except for 

race is statistically significant (gender HR=0.94, p=0.004, BMI HR=0.98, p=<0.001, diabetes 

HR=0.29, p=<0.001, adherence HR=0.92, p=<0.001, vs race HR=0.81, p=0.088). The LR test 

showed that age is an effective modifier for DBP and the stratification by age category should 

be considered for DBP.   
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           When the gender was removed from the second reduced model race was the only 

variable which reports statistical insignificance (HR=0.81 p=0.088) and the other variables 

reported statically significance HR (age HR=1.00, p=<0.00, BMI HR=0.98, p=<0.001, diabetes 

status HR=0.29, p=<0.001, adherence HR=0.92, p=<0.001, vs race HR=0.79, p=0.070).  The 

LR presented statistically significant p-value for gender (p= 0.035) means stratification by 

gender was needed for DBP. 

        The third reduced model excluded the adherence status. The result showed that age, 

gender, BMI and diabetes status had statistically significant HR’s (HR=1.00, p=<0.001, 

HR=0.96, p=0.030, HR=0.99, p=<0.001, HR=0.29, p=<0.001 respectively, vs HR=0.80, 

p=0.073).  Comparing this reduced model to the full model, the LR demonstrated that 

adherence status is a statistically significant effect modifier (p=<0.001).  

        Exclusion the diabetes status was the final reduced model.  The only variable that 

reported statistically insignificance was the age (HR=1.00, p= 0.222). The rest of the 

variables which included gender, race, BMI and adherence presented HRs that statistically 

significant (HR=0.96 p=0.042, HR= 0.66 p= <0.001, HR=0.97 p=<0.001, HR=0.88 p=<0.001). 

4.5.3 SBP/DBP 

         The full Cox model showed statistically significant HR’s for the covariates BMI (HR=1.00, 

p=<0.001), diabetes (HR=0.96, p=0.035), and treatment adherence (HR=0.98, p=<0.001) 

when combine SBP/DBP was the dependent variable. When age was removed, gender and 

race were statistically insignificant (HR=1.01 p=0.604, and HR=0.78, p=0.158, respectively) 

while BMI, diabetes and adherence were statistically significant (HR=0.98 p=<0.001, 

HR=0.15 p=<0.001, and HR=0.82 p=<0.001 respectively). Age and race were statistically 

insignificant on the second mode when gender was removed. The third reduced model 
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showed age, gender and race as statistically insignificant (HR=0.99, p=0.336, HR=1.00, 

p=0.867, and HR=0.80, p=0.186, respectively) whereas BMI and Diabetes showed statistical 

significance (HR=0.98, p=<0.001 and HR=0.15, p=<0.001 respectively). The last reduced 

model excluded diabetes status. The results showed that statistically insignificance HR for 

gender variable (HR= =.01 p-0.78). Age, race, BMI and adherence had statistically 

significance HRs (HR=0.99 p=<0.001, HR=0.62 p=0.003, HR= 0.96 p=<0.001, HR= 0.78 p= 

<0.001). The LR showed that age and gender were not classified as effect modifiers (p=0.194 

and p=0.761 respectively) but treatment adherence and diabetes did report statistical 

significance (p=<0.001).  

4.5.4 TCVR Model  

          The TCVR model of the HR and 95% confidence intervals for prediction of one level 

reduction in TCVR (Table 4.6).  The full model shows that gender, BMI, and diabetes reported 

statistically significant HR’s (HR=0.94, p=<0.001, HR=0.99, p=0.004, and HR=1.06, p=<0.001 

respectively). Within the first reduced model, gender, BMI and diabetes showed statistically 

significant HR’s (HR=0.94, p=<0.001, HR=0.99, p=0.005, and HR=1.06, p=<0.001 

respectively).  However, BMI and diabetes were the only variables which showed statistical 

significant HR’s within the second reduced model (HR=0.99, p=0.004, and HR=1.05, 

p=<0.001 respectively).  The third reduced model is similar to the first reduced model.  

Gender, BMI, and diabetes all showed statistical significant HR’s (HR=0.94, p=<0.001, 

HR=0.99, p=0.004, and HR=1.05, p=<0.001 respectively).  The LR showed that age and 

adherence status were not classified as effect modifiers (p=0.383 and p=0.711 respectively), 

but gender and diabetes were classified (p=<0.001).   



113 
 

Table 4.5. Adjusted Hazard Ratios for the Full and Reduced Model Prediction of 

Controlled SPB, DBP, and SBP/DBP. 

 

 SBP DBP SBP/DBP 
 
Covariates 

 
HR (95% CI)         *P-Value 

 
HR (95% CI)         *P-Value 

 
HR (95% CI)     *P-Value 

Full Model 
 
Age 
Gender 
Race  
BMI 
Diabetes 
Adherence 

 
 
0.99 (0.99-1.00)   0.008 
1.01 (0.96-1.06)   0.659 
0.81 (0.60-1.10)   0.172 
0.98 (0.97-0.99)   <0.001 
0.31 (0.28-0.33)   <0.001 
0.84 (0.28-0.33)   <0.001 

 
 
1.00 (1.01-1.02)   <0.001 
0.96 (0.92-0.99)   0.035 
0.79 (0.62-1.02)   0.069 
0.98 (0.98-0.99)  <0.001 
0.29 (0.27-0.31)  <0.001 
0.92 (0.88-0.97)  <0.001 
 

 
 
0.99 (1.00-1.01)  0.162 
1.01 (0.96-1.06)  0.769 
0.79 (0.56-1.10)  0.169 
0.98 (0.97-0.99)  <0.001 
0.16 (0.14-0.17)  <0.001 
0.82 (0.77-0.87)  <0.001 
 

Reduced 
Models 
 
Gender 
Race 
BMI 
Diabetes 
Adherence 
 
LR Test 
 
Age 
Race 
BMI 
Diabetes 
Adherence 
 
LR Test 
 
Age  
Gender 
Race 
BMI 
Diabetes 
 
 
LR Test 
 

 
 
 
1.02 (0.97-1.07)   0.385 
0.80 (0.59-1.09)   0.154 
0.98 (0.97-0.99)   0.002 
0.30 (0.28-0.33)   <0.001 
0.81 (0.79-0.89)   <0.001 
 
0.007 
 
1.00 (0.98-0.99)   0.004 
0.81 (0.60-1.09)   0.173 
0.98 (0.97-0.99)   0.001 
0.31 (0.28-0.33)   <0.001 
0.84 (0.79-0.89)   <0.001 
 
0.658 
 
0.99 (0.98-0.99)   0.015 
1.01 (0.96-1.06)   0.77 
0.81 (0.60-1.11)   0.189 
0.98 (0.97-.099)   0.001 
0.30 (0.28-0.32)   <0.001 
 
 
< 0.001 

 
 
 
0.94 (0.91-0.98)   0.004 
0.81 (0.63-1.03)   0.088 
0.98 (0.98-0.99)  <0.001 
0.29 (0.28-0.31)  <0.001 
0.92 (0.88-0.96)  <0.001 
 
< 0.001 
 
1.00 (1.01-1.02)  <0.001 
0.79 (0.62-1.02)   0.070 
0.98 (0.98-0.99)  <0.001 
0.29 (0.28-0.31)  <0.001 
0.92 (0.88-0.97)   0.001 
 
0.035 
 
1.00 (1.00-1.01)  <0.001 
0.96 (0.92-0.99)   0.030 
0.80 (0.62-1.02)   0.073 
0.98 (0.98-0.99)  <0.001 
0.29 (0.27-0.31)  <0.001 
 
 
< 0.001 
 
 

 
 
 
1. 01 (0.96-1.06) 0.604 
0.78 (0.56-1.09)  0.158 
0.98 (0.97-0.99)  <0.001 
0.15 (0.14-0.17)  <0.001 
0.82 (0.77-0.87)  <0.001 
 
0.194 
 
0.99 (0.99-1.00)  0.143 
0.79 (0.56-1.10)  0.169 
0.98 (0.97-0.99)  <0.001 
0.16 (0.14-0.17)  <0.001 
0.82 (0.77-0.88)  <0.001 
 
0.768 
 
0.99 (0.99-1.00)  0.289 
1.00 (0.95-1.05)  0.873 
0.80 (0.57-1.11)  0.186 
0.98 (0.97-0.99)  <0.001 
0.15 (0.14-0.17)  <0.001 
 
 
< 0.001 
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*P-Values calculated using the Cox Proportional Hazards Model. Selected Models were adjusted by all other 
covariates included within the model. 

 

 SBP  DBP SBP/DBP 
 
Covariates 

 
HR (95% CI)         *P-Value 

 
HR (95% CI)         *P-Value 

 
HR (95% CI)     *P-Value 

Full Model 
 
Age 
Gender 
Race  
BMI 
Diabetes 
Adherence 

 
 
0.99 (0.99-1.00)   0.008 
1.01 (0.96-1.06)   0.659 
0.81 (0.60-1.10)   0.172 
0.98 (0.97-0.99)   <0.001 
0.31 (0.28-0.33)   <0.001 
0.84 (0.28-0.33)   <0.001 

 
 
1.00 (1.01-1.02)   <0.001 
0.96 (0.92-0.99)   0.035 
0.79 (0.62-1.02)   0.069 
0.98 (0.98-0.99)  <0.001 
0.29 (0.27-0.31)  <0.001 
0.92 (0.88-0.97)  <0.001 
 

 
 
0.99 (1.00-1.01)  0.194 
1.01 (0.96-1.06)  0.761 
0.79 (0.56-1.10)  0.169 
0.98 (0.97-0.99)  <0.001 
0.16 (0.14-0.17)  <0.001 
0.82 (0.77-0.87)  <0.001 
 

Reduced 
Models 
 
Age 
Gender 
Race 
BMI 
Adherence 
 
LR Test 
 
 

 
 
 
0.99 (0.98-0.99)   <0.001 
1.01 (0.96-1.06)   0.695 
0.67 (0.50-0.90)   0.007 
0.97 (0.96-0.98)   <0.001 
0.80 (0.76-0.85)   <0.001 
 
<0.001 
 
 

 
 
 
1.00 (1.00-1.01)   0.222 
0.96 (0.92-0.99)   0.042 
0.66 (0.52-0.83)  <0.001 
0.97 (0.96-0.98)  <0.001 
0.88 (0.84-0.92)  <0.001 
 
< 0.001 
 
 

 
 
 
0.99 (0.98-0.99)   <0.001 
1.01 (0.96-1.06)   0.781 
0.62 (0.46-0.85)   0.003 
0.96 (0.95-0.97)   <0.001 
0.78 (0.73-0.83)   <0.001 
 
<0.001 
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Table 4.6. Adjusted Hazard Ratios for the Full and Reduced Model Prediction of one 
level reduction in TCVR  

                                            HR (95% CI)                 p values 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Full Model 
 
Age 
Gender 
Race  
BMI 
Diabetes 
Adherence 

 
 
0.99 (0.99-1.00)    
0.94 (0.91-0.97)    
0.91 (0.76-1.08)    
0.99 (0.99-0.99)    
1.06 (1.03-1.09)    
1.01 (0.97-1.04)    

 
 
0.352 
<0.001 
0.282 
0.004 
<0.001 
0.721 

 
Reduced Models 
 
Gender 
Race 
BMI 
Diabetes 
Adherence 
 
LR Test 
 
Age 
Race 
BMI 
Diabetes 
Adherence 
 
LR Test 
 
Age  
Gender 
Race 
BMI 
Diabetes 
 
LR Test 
 
Age  
Gender 
Race 
BMI 
Adherence 
 
LR Test 
 

 
 
 
0.94 (0.91-0.97)    
0.91 (0.76-1.08)    
0.99 (0.98-0.99)    
1.06 (0.28-0.33)   
1.01 (0.97-1.04)    

 
0.352 
 
1.00 (0.99-1.01)    
0.91 (0.77-1.08)    
0.99 (0.99-1.00)    
1.05 (1.03-1.09)    
1.01 (0.97-1.04)    
 
<0.001 
 
0.98 (0.99-1.00)    
0.94 (0.91-0.97)    
0.91 (0.76-1.08)    
0.99 (0.99-1.00)    
1.05 (1.02-1.09)    
 
0.711 
 
0.99 (0.99-1.00)    
0.94 (0.91-0.96)    
0.92 (0.77-1.10)    
0.99 (0.98-0.99)    
1.01 (0.98-1.04)    
 
<0.001 

 
 
 
<0.001 
0.278 
0.005 
<0.001 
0.677 
 
 
 
0.802 
0.290 
0.004 
<0.001 
0.763 
 
 
 
0.371 
<0.001 
0.280 
0.004 
<0.001 
 
 
 
0.523 
<0.001 
0.351 
0.005 
0.610 
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4.6 Stratifications by each independent variable with respect to SBP, DBP, SBP/DBP 

4.5.1 Age (<65 vs ≥ 65) 

          Table 4.7 showed the adjusted HRs for the model prediction of controlled SBP, DBP, and 

SBP/DBP stratified by Age.  With regard to SBP, stratifying by age produced a statistical 

significance HRs in both diabetes and adherence status in the <65 population (HR=0.30, 

p=<0.001 and HR=0.84, p=<0.001 respectively).  Gender, race and BMI were not significant 

(HR=0.99, p=0.925, HR=0.85, p=0.43 and HR=0.98, p=0.06 respectively).  In the ≥65 

population, gender, race and BMI were statistically insignificant (HR=1.03, p=0.38, HR=0.74, 

p=0.237 and HR=0.98 p=0.006 respectively). However, diabetes and adherence status 

reported statistically significant (HR=0.31 p=<0.001 and HR=0.85 p= <0.001 respectively) 

       With respect to DBP stratifying by age, the <65 population exhibited statistically 

insignificant HR’s for gender, race and BMI (HR=0.95, p=0.07, HR=0.89, p=0.4 and HR=0.98 

P=0.006 respectively) (Table5).  The ≥65 population showed insignificant HR’s for gender 

and adherence status (HR=0.97, p=0.200 and HR=0.96, p=0.184 respectively).  

        For SBP/DBP, the BMI, adherence and diabetes showed statistically significance HRs in 

both ages group (<65 and ≥65 years) (HR=0.98, p= 0.014, HR= 0.15 p= <0.001and HR=0.8 

p= <0.001 vs HR=0.98, p=0.005, HR=0.16 p= <0.001 and HR=0.85 p=0.001respectively). 

However, gender and race were not statistically significant in both age groups (HR= 1.01 p= 

0.78 and HR=0.65 p=0.135).   
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4.6.2 Gender (Males vs Females) 

       Table 4.8 presented the values of the adjusted HRs for the model prediction of controlled 

SBP, DBP, and SBP/DBP stratified by gender. Within the male population, race showed 

statistically insignificance HR (HR=0.75, p=0.192) while with in female population, age, race 

and BMI were insignificant (HR=1.00, p=0.387, HR=0.87, p=0.543, and HR=0.99, p=0.064 

respectively) when SBP was used as dependent variable.  

      With regard to DBP, race and adherence status showed statistical insignificance 

(HR=0.72, p=0.055 and HR=0.96, p=0.294 respectively) with in the male population.  In 

female population race was the only insignificant variable (HR=0.89, p=0.541).   

      When SBP/DBP was used as independent variable, the stratification by gender produced 

statistically insignificant age and race HR’s (HR=1.00, p=0.084 and HR=0.63, p=0.052 

respectively) within the male population.  In the female population, age, race, and BMI 

reported statistical insignificance (HR=1.00, p=0.912, HR=1.00, p=0.990, and HR=0.99, 

p=0.067 respectively).   

4.6.3 Adherence (adherent vs non-adherent patients) 

        Table 4.9 showed the results of the adjusted HRs for the model prediction of controlled 

SBP, DBP, and SBP/DBP stratified by adherence status. With respect to SBP, the adherent 

population reported age, BMI and diabetes with statistically significant HR’s (HR=0.99, 

p=0.006, HR=0.98, p=<0.001, and 0.31, p=<0.001 respectively) while gender and race were 

statistically insignificant (HR=1.02, p=0.379 and HR=0.77, p=0.134 respectively).  The non-

adherent group showed all covariates statistically insignificant HR’s except diabetes status 
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(HR= 1.00, p=0.571, HR= 0.96, p=0.5710.456, HR= 0.98, p=0.945, HR= 0.99, p=0.448, vs HR= 

0.31, p=<0.001 respectively).  

       With respect to DBP In the treatment non- adherent group, age, gender and diabetes 

showed statistically significant HR’s (HR=1.01, p=<0.001, HR=0.91, p=0.019, and HR=0.25, 

p=<0.001 respectively) while race and BMI showed spastically insignificance HR’s (HR=1.25 

p=0.43 HR=0.99 p=0.06 respectively). 

      When SBP/DBP was used as an outcome variable, age, gender, and race showed 

statistically insignificant HR’s (HR=1.00, p=0.071, HR=1.03, p=0.348, and HR=0.73, p=0.103 

respectively) within the population of treatment adherent.  BMI and diabetes were 

statistically significant (HR=0.97, p=<0.001, HR=0.16, p=<0.001 respectively).  The 

treatment non-adherence group showed all covariates except for diabetes as statistically 

insignificant (diabetes HR=0.14, p=<0.001). 

4.6.4 Diabetes (diabetic vs non-diabetic)  

      HR and 95% confidence intervals of the prediction model stratified by diabetes status are 

shown in Table 4.10. The stratified analysis with SBP as the dependent variable found that 

age, BMI, and adherence status reported statistically significant HR’s (HR=1.00, p=0.009, 

HR=0.98, p=<0.001, and HR=0.84, p=<0.001 respectively) within the non-diabetic 

population.  Furthermore, age, gender, race and BMI were found to be statistically 

insignificant within the diabetes population (HR=1.00, p=0.499, HR=0.95, p=0.468, HR=0.97, 

p=0.929, and HR=1.00, p=0.703 respectively).  

    With respect to DBP, the two variables including BMI and adherence status were found as 

statistically significant (HR=0.98, p=<0.001, and HR=0.94, p=0.021 respectively) in the non-
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diabetic population.  Conversely, only age and adherence status were statistically significant 

within the diabetes population (HR=1.01, p=0.003 and HR=0.81, p=0.001 respectively).   

     The stratified model of combine SBP/DBP showed statistical insignificance for the age, 

gender, and race variables in the non-diabetic population (HR=1.00, p=0.158, HR=1.02, 

p=0.532 and HR=0.78, p=0.165 respectively).  Within the diabetic population, adherence 

status was the only variable which showed statistical significance (HR=0.74, p=0.021).  

001 respectively).   

4.7 Stratifications by each independent variable with respect to TCVR.  
 
        Similar to the earlier analyses, the full model was stratified by age, gender, adherence 

status and diabetes status for exploratory measures (Table 4.11).  The variables gender and 

diabetes showed statistically significant HR’s (HR=0.94, p=0.003, and HR=1.09, p=<0.001 

respectively) within the <65 group.  Within the ≥65 group, gender and BMI were shown to 

have statistically significant HR’s (HR=0.94, p=0.006, and HR=0.99, p=0.015 respectively). 

The model within the male population showed BMI and diabetes having statistically 

significant HR’s (HR=0.99, p=0.019, and HR=1.07, p=0.004 respectively) when TCVR was 

used as an outcome variable.  However, diabetes status was the only variable with a 

statistically significant HR (HR=1.05, p=0.029) within the female population. 

      The treatment adherence model showed that Gender, BMI, and diabetes status reported 

statistically significant HR’s (HR=0.94, p=0.001, HR=0.99, p=0.007, and HR=1.06, p=0.001 

respectively).  The treatment non-adherence model showed only gender as having the 

statistically significant HR (HR=0.92, p=0.006).   
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        After stratifying by diabetes status, gender, race, and BMI showed statistically significant 

HR (HR=0.95, p=0.007, HR=0.70, p=0.005, and HR=0.99, p=0.048 respectively) within the 

non-diabetics. Among diabetic model, age, gender, and BMI showed statistically significant 

HR’s (HR=0.99, p=0.005, HR=0.92, p=0.001, and HR=0.99, p=0.034 respectively).     
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Table 4.7 Adjusted Hazard Ratios for the Model Prediction of Controlled Systolic, 
Diastolic, and Combined Blood Pressure Stratified by Age. 

 
*P-Values calculated using the Cox Proportional Hazards Model. Selected Models were adjusted by all other covariates 
included within the model. 

 

 

 

 

 

 

 SBP DBP SBP/DBP 

 

Covariates 

 

HR (95% CI)         *P-Value 

 

HR (95% CI)        *P-Value 

 

HR (95% CI)      *P-Value 

Models 

 

Age <65 

 

Gender 

Race 

BMI 

Diabetes 

Adherence 

 

Age ≥65 

 

Gender 

Race 

BMI 

Diabetes 

Adherence 

 

 

 

 

0.99 (0.93-1.06)   0.925 

0.85 (0.57-1.26)   0.437 

0.98 (0.98-1.00)   0.06 

0.30 (0.27-0.34)   <0.001 

0.84 (0.78-0.90)   <0.001 

 

 

 

1.03 (0.97-1.11)   0.38 

0.74 (0.45-1.21)   0.237 

0.98 (0.96-0.99)   0.006 

0.31 (0.28-0.34)   <0.001 

0.85 (0.77-0.92)   <0.001 

 

 

 

 

0.95 (0.90-1.00)   0.076 

0.89 (0.64-1.24)   0.407 

0.98 (0.98-0.99)   0.006 

0.28 (0.25-0.30)   <0.001 

0.89 (0.84-0.95)   0.001 

 

 

 

0.96 (0.91-1.02)   0.175 

0.70 (0.46-1.00)   0.081 

0.98 (0.97-0.99)   0.004 

0.31 (0.28-0.33)   <0.001 

0.95 (0.90-1.02)   0.145 

 

 

 

 

1.01 (0.94-1.08)   0.802 

0.89 (0.57-1.38)   0.607 

0.98 (0.97-0.99)   0.014 

0.15 (0.13-0.18)  <0.001 

0.80 (0.74-0.87)  <0.001 

 

 

 

1.01 (0.94-1.09)   0.78 

0.65 (0.37-1.14)   0.135 

0.98 (0.96-0.99)   0.005 

0.16 (0.14-0.18)  <0.001 

0.85 (0.77-0.94)   0.001 

    



122 
 

Table 4.8. Adjusted Hazard Ratios for the Model Prediction of Controlled Systolic, 

Diastolic, and Combined Blood Pressure Stratified by Gender. 

*P-values calculated using the Cox Proportional Hazards Model. Selected Models were adjusted by all 
other covariates included within the model. 
  

 SBP  DBP SBP/DBP 

 

Covariates 

 

HR (95% CI)         *P-Value 

 

HR (95% CI)        *P-Value 

 

HR (95% CI)      *P-Value 

Models 

 

Male 

 

Age 

Race 

BMI 

Diabetes 

Adherence 

 

Female 

 

Age 

Race 

BMI 

Diabetes 

Adherence 

 

 

 

 

0.99 (0.99-1.00)   0.003 

0.75 (0.49-1.15)   0.192 

0.98 (0.97-0.99)   0.005 

0.32 (0.29-0.35)  <0.001 

0.87 (0.80-0.94)   0.002 

 

 

 

1.00 (1.00-1.01)   0.387 

0.87 (0.56-1.35)   0.543 

0.99 (0.97-1.00)   0.064 

0.29 (0.27-0.32)  < 0.001 

0.82 (0.75-0.88)  <0.001 

 

 

 

 

1.00 (1.01-1.02)   0.001 

0.72 (0.51-1.01)   0.055 

0.98 (0.97-0.99)   0.002 

0.31 (0.28-0.33)  <0.001 

0.96 (0.90-1.03)   0.294 

 

 

 

1.00 (1.01-1.02)   0.001 

0.89 (0.62-1.28)   0.541 

0.98 (0.97-0.99)   0.024 

0.28 (0.26-0.30)  <0.001 

0.88 (0.83-0.94)  <0.001 

 

 

 

 

1.00 (0.99-1.00)   0.084   

0.63 (0.35-1.00)   0.052 

0.97 (0.96-0.99)   0.001 

0.17 (0.15-0.19)  <0.001 

0.87 (0.79-0.96)   0.004 

 

 

 

1.00 (0.99-1.00)   0.912 

1.00 (0.62-1.63)   0.990 

0.99 (0.97-1.00)   0.067 

0.15 (0.13-0.17)  <0.001 

0.78 (0.72-0.85)  <0.001 
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Table 4.9 Adjusted Hazard Ratios for the Model Prediction of Controlled Systolic, 

Diastolic, and Combined Blood Pressure Stratified by Adherence. 

*P-Values calculated using the Cox Proportional Hazards Model. Selected Models were adjusted by all other covariates 
included within the model. 

 

 

 

 

 SBP DBP SBP/DBP 

 

Covariates 

 

HR (95% CI)         *P-Value 

 

HR (95% CI)         *P-Value 

 

HR (95% CI)      *P-Value 

Models 

 

 

Adherence 

 

Age 

Gender 

Race 

BMI 

Diabetes 

 

Non 

adherence 

 

Age 

Gender 

Race 

BMI 

Diabetes 

 

 

 

 

 

0.99 (0.99-1.00)   0.006 

1.02 (0.97-1.08)   0.379 

0.77 (0.55-1.08)   0.134 

0.98 (0.97-0.99)   <0.001 

0.31 (0.29-0.34)   <0.001 

 

 

 

 

1.00 (0.99-1.00)   0.571 

0.96 (0.87-1.07)   0.456 

0.98 (0.49-1.95)   0.945 

0.99 (0.98-1.01)   0.448 

0.29 (0.25-0.34)   <0.001 

 

 

 

 

 

1.00 (1.01-1.02)   0.001    

0.97 (0.93-1.02)   0.261 

0.71 (0.53-0.93)   0.015 

0.98 (0.97-0.99)   0.001 

0.30 (0.29-0.33)   <0.001 

 

 

 

 

1.01 (1.01-1.02)   <0.001 

0.91 (0.84-0.98)   0.019 

1.25 (0.72-2.15)   0.427 

0.99 (0.98-1.00)   0.068 

0.25 (0.22-0.28)   <0.001 

 

 

 

 

 

1.00 (0.99-1.00)   0.071 

1.03 (0.97-1.09)   0.348 

0.73 (0.51-1.06)   0.103 

0.97 (0.96-0.99) <0.001 

0.16 (0.14-0.18) <0.001 

 

 

 

 

1.00 (0.99-1.01)   0.556 

0.94 (0.83-1.04)   0.250 

1.09 (0.48-2.47)   0.828 

0.99 (0.98-1.01)   0.372 

0.14 (0.11-0.17) <0.001 

    



124 
 

Table 4.10 Adjusted Hazard Ratios for the Model Prediction of Controlled Systolic, 

Diastolic, and Combined Blood Pressure Stratified by Diabetes. 

 
*P-Values calculated using the Cox Proportional Hazards Model. Selected Models were adjusted by all other covariates 
included within the model. 

 

 

 

 
 
 

 SBP  DBP SBP/DBP 

 

Covariates 

 

HR (95% CI)         *P-Value 

 

HR (95% CI)         *P-Value 

 

HR (95% CI)      *P-Value 

Models 

 

No 

Diabetes 

 

Age 

Gender 

Race 

BMI 

Adherence 

 

Diabetes 

 

Age 

Gender 

Race 

BMI 

Adherence 

 

 

 

 

 

1.00 (0.98-0.99)   0.009 

1.02 (0.97-1.07)   0.442 

0.77 (0.55-1.09)   0.137 

0.98 (0.97-0.99)   <0.001 

0.84 (0.79-0.90)   <0.001 

 

 

 

1.00 (0.99-1.00)   0.499 

0.95 (0.83-1.09)   0.468 

0.97 (0.52-1.82)   0.929 

1.00 (0.99-1.02)   0.703 

0.81 (0.69-0.94)   0.006 

 

 

 

 

 

1.00 (1.01-1.02)   <0.001    

0.97 (0.93-1.01)   0.132 

0.78 (0.59-1.03)   0.081 

0.98 (0.98-0.99)   <0.001 

0.94 (0.90-0.99)   0.021 

 

 

 

1.01 (1.00-1.01)   0.003 

0.90 (0.81-1.00)   0.056 

0.87 (0.51-1.47)   0.599 

0.99 (0.97-1.02)   0.458 

0.81 (0.71-0.91)   0.001 

 

 

 

 

 

1.00 (0.99-1.00)   0.158 

1.02 (0.96-1.07)   0.532 

0.78 (0.54-1.11)   0.165 

0.98 (0.97-0.99) <0.001 

0.83 (0.78-0.89) <0.001 

 

 

 

1.00 (0.99-1.00)   0.828 

0.90 (0.74-1.09)   0.290 

0.90 (0.35-2.30)   0.831 

1.01 (0.99-1.03)   0.190 

0.74 (0.59-0.94)   0.021 
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Table 4.11. Adjusted Hazard Ratios for the Full Model Prediction of one Point 
Reduction in TCVR Stratified by Age, Gender, Adherence and Diabetes. 
 

*P-Values calculated using the Cox Proportional Hazards Model. Selected Models were adjusted by all other 
covariates included within the model. 

 

 

 

 

 

 TCVR     
 
Covariates 

 
HR (95% CI)          

 
*P-Value 

  
HR (95% CI)          

 
*P-Value 

Age <65 
 
Gender  
Race 
BMI 
Diabetes 
Adherence 
 
Male 
 
Age 
Race 
BMI 
Diabetes 
Adherence 
 
Adherence 
 
Age 
Gender 
Race 
BMI 
Diabetes 
 
No Diabetes 
 
Age 
Gender 
Race 
BMI 
Adherence 
 

 
 
0.94 (0.90-0.98) 
0.89 (0.71-1.10) 
0.99 (0.98-1.00) 
1.09 (1.04-1.14) 
0.99 (0.94-1.03) 
 
 
 
1.00 (0.99-1.00) 
0.91 (0.72-1.15) 
0.99 (0.98-1.00) 
1.07 (1.02-1.12) 
1.02 (0.97-1.08) 
 
 
 
0.99 (0.99-1.00) 
0.94 (0.91-0.98) 
0.88 (0.71-1.07) 
0.99 (0.98-0.99) 
1.06 (1.03-1.10) 
 
 
 
1.00 (0.99-1.00) 
0.95 (0.92-0.98) 
0.70 (0.55-0.90) 
0.99 (0.98-0.99) 
1.01 (0.97-1.06) 

 
 
0.003 
0.338 
0.146 
<0.001 
0.501 
 
 
 
0.755 
0.421 
0.019 
0.004 
0.341 
 
 
 
0.151 
0.001 
0.201 
0.007 
0.001 
 
 
 
0.366 
0.007 
0.005 
0.048 
0.620 
 

Age ≥65 
 
 
 
 
 
 
 
Female 
 
 
 
 
 
 
 
Non-
Adherence 
 
 
 
 
 
 
 
Diabetes 
 

 
 
0.94 (0.90-0.98) 
0.92 (0.71-1.21) 
0.99 (0.98-0.99) 
1.03 (0.98-1.08) 
1.03 (0.98-1.08) 
 
 
 
1.00 (0.99-1.00) 
0.91 (0.70-1.17) 
0.99 (0.98-1.00) 
1.05 (1.00-1.10) 
0.99 (0.95-1.04) 
 
 
 
1.00 (0.99-1.00) 
0.92 (0.87-0.98) 
1.00 (0.72-1.40) 
0.99 (0.99-1.00) 
1.04 (0.98-1.11) 
 
 
 
0.99 (0.98-0.99) 
0.92 (0.87-0.96) 
1.13 (0.90-1.40) 
0.99 (0.97-0.99) 
0.99 (0.94-1.06) 

 
 
0.007 
0.554 
0.014 
0.121 
0.24 
 
 
 
0.356 
0.471 
0.078 
0.029 
0.680 
 
 
 
0.474 
0.006 
0.967 
0.205 
0.171 
 
 
 
0.005 
0.001 
0.293 
0.034 
0.978 
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4.8 Kaplan-Meier Curves 

4.8.1 SBP 

         Kaplan-Meier probabilistic curves of uncontrolled SBP are shown in figure 4.1.  After 

stratifying by age, we see that the ≥65 years group showed higher probabilities of having 

uncontrolled SBP compared to the <65 years group.  The treatment intensity of 1 provides a 

50% probability of uncontrolled SBP.  The Log Rank p-value showed a statistically significant 

difference in probabilities between the age groups (p=<0.001).  With regard to the gender, 

the probabilities of uncontrolled SBP between males and females were similar (figure 4.2).  

Males had a slightly higher probability than females.  The difference in probabilities were 

statistically insignificant (p=0.190).   

       With respect to adherence status, figure 4.3 showed that there was a statistically 

significant difference in probability between treatment adherent and non-adherent groups 

(p=<0.001).  As expected, treatment non-adherent patients had higher probabilities of 

uncontrolled SBP compared to adherent patients.  Also, diabetic had higher probabilities of 

uncontrolled SBP (figure 4.4).  There was a significant difference in probabilities between 

the two groups (p=<0.001.  
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Figure 4.1.  Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by Age, 

 

P-Value= <0.001                                                                         

Figure 4.2 Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by gender 

 

P-Value= 0.190 
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Figure 4.3: Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by adherence 

status 

 

P-Value= <0.001                                                                        

 

Figure 4.4: Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by diabetes  

 

P-value=<0.001 P-Values were calculated using the Log Rank Test for Heterogeneity 
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4.8.2 DBP 

        Kaplan-Meier probabilistic curves of uncontrolled DBP with respect to age was shown 

in figure 4.5. Patients under the age of 65 had higher probability of uncontrolled DBP 

compared to people who aged 65 years and older (p=<0.001). Figure 4.6 showed that 

females had higher probabilities of having uncontrolled DBP than males (p=0.003). Patients 

who were treatment adherent had lower probability of not achieving controlled DBP 

compared to non-adherent patient (p=<0.001) (figure 4.7). Figure 4.8 showed the Kaplan-

Meier curve showed that diabetics patients had higher probabilities of uncontrolled DBP 

than non-diabetics patients (p= <0.001)                                      

Figure 4. 5.  Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by Age 

 

P-Value= <0.001              
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Figure 4.6 Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by gender                                                          

 

P-Value= 0.003 

 

 

Figure 4.7. Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by adherence 

status 

 

P-Value= <0.001                                      
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Figure 4.8 Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by diabetes  

 

P-Value= <0.001 

P-Values were calculated using the Log Rank Test for Heterogeneity 

 

4.8.3 SBP/DBP 

        Kaplan-Meier probabilistic curves for uncontrolled SBP/DBP with respect to age groups 

was presented in figure 4.9. Patients who aged 65 or older showed higher probability of 

uncontrolled SBP/DBP (p=<0.001), Figure 4.10 showed the difference between males and 

females in terms of probability of not achieving the target BP. Males had higher probability 

of not achieving the target BP compared to females but it showed statistically insignificant 

(p=0.325). Figure 4.11 showed that treatment adherent patients had higher probabilities of 

uncontrolled SBP/DB (<0.001,).  Figure 4.12 showed that diabetes had higher probability of 

not achieving controlled BP compared to non-diabetes patients (p=<0.001). 
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Figure4.9 Kaplan Meier Survival Estimates of Uncontrolled BP Stratified by Age. 

 

 

P-Value= <0.001 

 

Figure4.10 Kaplan Meier Survival Estimates of Uncontrolled BP Stratified by Gender 

 

P-Value=0.325 
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Figure4.11 Kaplan Meier Survival Estimates of Uncontrolled BP Stratified by Adherence 

Status. 

 

P-Value= <0.001 

Figure 4.12: Kaplan Meier Survival Estimates of Uncontrolled BP Stratified by Diabetes. 

 

P-Value= <0.001. *P-Values were calculated using the Log Rank Test for Heterogeneity 
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4.8.4 TCVR  

        Probabilities of achieving one point reduction in TCVR with respect to the two age 

groups was shown in figure 4.13.  Both groups of age exhibit similar probabilities thus the 

difference in probabilities are statistically insignificant (p=0.099).  Figure 4.14 showed that 

females had high probabilities of not achieving one point reduction in TCVR compared to 

men and also the treatment adherent patients had higher probability of not obtaining one 

point reduction in TCVR compared to non-adherent group (4.5). Finally figure 4.16 showed 

that diabetics had also higher probabilities of not achieving one point reduction in TCVR 

compared to non- diabetes groups.    

 Figure 4.13.  Kaplan Meier Survival Estimates of not achieving one point reduction in TCVR 
Stratified by Age 

 

P-Value= 0.099  
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4.14 Kaplan Meier Survival Estimates of not achieving one point reduction in TCVR Stratified 

by Gender 

 

P-Value= <0.001 

4.15 Kaplan Meier Survival Estimates of not achieving one point reduction in TCVR Stratified 

by Adherence status, 

 

P-Value= 0.553  
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4.16 Kaplan Meier Survival Estimates of not achieving one point reduction in TCVR Stratified 

by Diabetes  

 

P-Value= <0.001 

P-Values were calculated using the Log Rank Test for Heterogeneity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



137 
 

4.8.5 Excluding patients with renal diseases from the analysis 

Patients with renal diseases were excluded to see whether there will be changes in the K-M 

curves or not for SBP, DBP and combined SBP/DBP, especially if there will be change when 

we stratify by diabetic status.  Renal diseases in our study included microalbuminuria, renal 

impairment, diabetic nephropathy, and proteinuria. Figures 4.17-4.28 shows the KM curves 

when patients with renal diseases were excluded.   

Figure4.17 Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by Age. 

 

P= <0.001 
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Figure4.18 Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by gender. 

 

P= 0.18 

Figure4.19 Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by 

adherence. 

 

P= <0.001 
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Figure4.20 Kaplan Meier Survival Estimates of Uncontrolled SBP Stratified by 

diabetes. 

 

 

P= <0.001 

Figure4.21 Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by Age. 

 

 

P= 0.015 

0.
00

0.
25

0.
50

0.
75

1.
00

0 .5 1 1.5
treatment intensity

non-diabetics diabetic

Kaplan-Meier survival estimates

0.
00

0.
25

0.
50

0.
75

1.
00

0 .5 1 1.5
analysis time

<65 <=65

Kaplan-Meier survival estimates



140 
 

Figure4.22 Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by gender. 

 

P= 0.003 

Figure4.23 Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by 

adherence. 

 

P=<0.001 
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Figure4.24 Kaplan Meier Survival Estimates of Uncontrolled DBP Stratified by 

diabetes. 

 

P=<0.001 

 

Figure4.25 Kaplan Meier Survival Estimates of Uncontrolled SBP/DBP Stratified by 

Age. 

 

P=<0.001 
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Figure4.26 Kaplan Meier Survival Estimates of Uncontrolled SBP/DBP Stratified by 

gender. 

 

P= 0.32 

Figure4.27 Kaplan Meier Survival Estimates of Uncontrolled SBP/DBP Stratified by 

adherence. 

 

P=<0.001 
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Figure4.28 Kaplan Meier Survival Estimates of Uncontrolled SBP/DBP Stratified by 

diabetes. 

 

P=<0.001 

4.9 Simulation method to calculate the cost avoidance associated with different levels 

valsartan regimens treatment 

          Five events were implemented in the simulation models which can lead to achieving 

the target BP: 0.25, 0.5, 0.75, 1 and 1.5. Because the information about the estimated direct 

cost of hypertension per patient per year in Belgium is not available we used the OCED data.   

        We used simulation method to compare different indicators between Belgium and the 

US in order to predict the ratio between these two countries in terms of the health indicators. 

The health indicators that were included in our simulation method were: 1) the total 

expenditure on health, % gross domestic product, 2) the total expenditure on health, /capita, 

US$ purchasing power parity, 3) the total expenditure on pharmaceuticals and 4)the total 

expenditure on pharmaceuticals/capita for both Belgium and USA.  These health indicators 

may be the most relevant indicators that could give us close estimation of the difference 
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between USA and Belgium in terms of the spending on health and pharmaceuticals. Table 

4.12 shows the data for these four indicators between the two countries.  

Table 4.12. Health indicators and the average ratio for Belgium and USA  

Health indicator  Belgium USA  The ratio 

Total expenditure on health, % (GDP) 10.9 16.9 0.64 

Total expenditure on health, /capita 4419 8745 0.50 

Total expenditure on pharmaceuticals 

and other medical non-durable  

16.9 12 1.4 

 Total expenditure on 

pharmaceuticals/capita 

736 1010 0.73 

Average     0.82 

   

The average of the ratios is equal to 0.82. Recent study found that the annual expenditures 

for those treated for hypertension averaged $733 per adult in US in 2010 (AHRQ 2014).  

Therefore we estimated that the annual expenditures for those treated for hypertension in 

Belgium is averaged to 733* 0.82= US $599.  

     Recall from chapter three that we made the following assumptions to estimate the total 

cost avoidance of taking different levels of valsartan centric regimen:  

4- All patients had tried all these different intensities. That is, they started from the 

lowest treatment intensity of 0.25 and continue until the highest treatment intensity 

of 1.5   
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5- We assumed patients who had their BP controlled in the lower treatment intensity 

then they would have their BP controlled if they tried the next treatment intensity. 

For example, patients whose BPs were controlled by taking treatment intensity of 

0.25 would be also controlled by the treatment intensity of 0.5. 

6- Patients who were not controlled by a specific treatment intensity for example 0.25 

should be controlled by the following treatment intensity which is 0.5. This 

assumption did not include patients who were not controlled at treatment intensity 

0.5. Those patients would be assumed to be controlled in the treatment intensity of 

0.75.   

Table 4.12 shows the estimated cost avoidance that associated with taking each treatment 

intensities given the assumptions were satisfied. It can be seen that there were substantial 

differences in the cost avoidance when treatment intensity was increased. 

Table 4.13: Estimated costs avoidance that associated with each level of treatment 

intensity  

Treatment 

intensity  

Uncontrolled 

patients  

Controlled 

patients   

Total 

population  

percentage Total cost 

avoidance  

 

0.25 808 436 1,244 35% $261,164 

0.5 5,721 4,012 9,733 41% $2,4031,88 

0.75 2,353 10,658 13,011 81% $6,384,142 

1 2,298 14,528 16,826 86% $ 8,702,272 

1.5 529 17,079 17,608 96% $10,230,321 
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4.10 Calculating the cost avoidance without the assumptions  

      We changed the treatment intensity and the assumptions we made for calculating the cost 

avoidance. We treated each drug separately. That is, we calculated the cost avoidance for 

monotherapy and then we calculated the cost avoidance for the combination of valsartan 

and HCTZ and finally we estimated the costs avoidance of the combination of valsartan and 

amlodipine. In other words, we classified patients in this simulation methods into three 

types: patients who had only valsartan, patients who had valsartan and hydrochlorothiazide 

(HCTZ) and patients who had valsartan and amlodipine. 

4.10.1 Valsartan (80 mg and 160 mg)  

    Patients who took valsartan (80 mg or 160 mg) totaled 8,592.  The total costs of taking 

valsartan 80 mg and 160 mg were $3,691,517 and $3,516,687, 59 respectively. 

Table 4.14: The total cost avoidance of taking different doses of valsartan  

Drug Total of 

controlled 

population 

Total of 

population 

% of total 

controlled 

Total of the cost 

avoidance per a 

year (n=17608) 

Valsartan 80 mg  436  

 

1244 

 

35% $3,691,517 

Valsartan 160 mg 2450 7,348 33.3% $3,516,687  
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4.10.2 Valsartan and HCTZ 

The total number of patients who had valsartan with HCTZ was 5,471. The total calculated 

costs avoidance due to taking different doses of valsartan and HCTZ are explained in the 

table 4.15 

Table 4.15: The total cost avoidance of taking different doses of valsartan and HCTZ 
combination 

Drug(S) Total of 

controlled 

population 

Total of 

population 

% of total 

controlled 

Total of the cost 

avoidance per a year 

(n=17608) 

Val 80mg+ HCTZ 

12,5mg 

318 1,141 27.9% $2,939,532 

Val 160 + HCTZ 

12.5 mg 

743 2,883 25.8% $2,721,175 

Val 160mg+HCTZ 

25mg 

522 1,447   36.1% $3,804,861 
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4.10.3 Valsartan with amlodipine  

       The total number of patients who had the combination of valsartan and amlodipine was 

3,545 and the total of controlled population was 1,430. Table 4.16 presents the results for 

the calculation the cost avoidance of taking different doses of valsartan and amlodipine 

Table 4.16: The total cost avoidance of taking different doses of valsartan and 

Amlodipine combination 

Drug(S) Total of 
controlled BP 
population 

Total of 
population 

% of total 
controlled BP  

Total of 
the cost 
avoidance 
per a year 
(n=17608) 

Val 80mg+ 
Amlodipine 5mg 

182 395   46% $4,851,708 

Val 160 + 
amlodipine5 mg 

995 2,368   42% $4,429,820 

Val 160 + 
amlodipine10 
mg 

253 782 32.3% $3,412,326 
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4.11 Hypotheses summary and decisions    

       This section discussed the decisions for all the 36 hypotheses that were stated in Chapter 

three. The decisions were based on the results we obtained from conducting the statistical 

analyses. Table 4.17 shows a summary for hypotheses for SBP. There were 8 hypotheses to 

examine the relationship between independent variables and SBP. Of them 7 showed 

statistically significant.  

Table 4.17 Summary of the hypotheses for SBP 

No. Hypothesis  HO 
decision   

1  H0-1-1: There are no differences in SBP control rates between 
baseline and 90 days among patient’s age < 65 years and 
patient’s age ≥ 65 years, stratified by level of treatment intensity. 

Rejected 

2 H0-1-4: There are no differences in SBP  control rates between 
baseline and 90 days among female and male patients stratified 
by level of treatment intensity 

Failed to 
reject  

3 H0-1-7: There are no differences in SBP control rates between 
baseline and 90 days among adherent and non-adherent 
patients 

Rejected 

4 H0-1-10: There are no differences in  SBP control rates between 
baseline and 90 days among diabetic and non-diabetic patients 

Rejected  

5 H0-2-1: The goodness-of-fit statistic for the probabilistic model 
of SBP control as a function of antihypertensive treatment 
intensity for both <65 and ≥65 age subsample is statistically not 
significant 

Rejected 

6 H0-2-2: The goodness-of-fit statistic for the probabilistic model 
of SBP control as a function of antihypertensive treatment 
intensity for both males and female subsample is statistically not 
significant 

Rejected 

7 H0-2-3: The goodness-of-fit statistic for the probabilistic model 
of SBP control as a function of antihypertensive treatment 
intensity for both adherent and non-adherent patients 
subsample is statistically not significant. 

Rejected  

8 H0-2-4: The goodness-of-fit statistic for the probabilistic model 
of SBP control as a function of antihypertensive treatment 
intensity for both diabetics and non-diabetics patients 
subsample is statistically not significant. 

Rejected  
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     Table 4.18 shows a summary hypotheses for DBP. There were 9 hypotheses that examined 

the relationship between all the independent variables, as a function of the treatment 

intensity, with DBP.  

Table 4.18 Summary of hypotheses for DBP 

No. Hypothesis  HO 
decision   

9 H0-1-2: There are no differences in DBP control rates between 
baseline and 90 days among patient’s age < 65 years and 
patient’s age ≥ 65 years, stratified by level of treatment intensity 

Rejected 

10 H0-1-5: There are no differences in DBP control rates between 
baseline and 90 days among female and male patients stratified 
by level of treatment intensity 

Rejected  

11 H0-1-8: There are no differences in  DBP control rates between 
baseline and 90 days among adherent and non-adherent 
patients 

Rejected  

12 H0-1-11: There are no differences in DBP control rates between 
baseline and 90 days among diabetic and non-diabetic patients 

Rejected 

13 H0-2-5: The goodness-of-fit statistic for the probabilistic model 
of DBP control as a function of antihypertensive treatment 
intensity for the <65 and ≥ 65 age subsample is statistically not 
significant. 

Rejected 

14 H0-2-6: The goodness-of-fit statistic for the probabilistic model 
of DBP control as a function of antihypertensive treatment 
intensity for both males and females subsample is statistically 
not significant 

Rejected 

15 H0-2.7: H0-2-11: The goodness-of-fit statistic for the 
probabilistic model of DBP control as a function of 
antihypertensive treatment intensity for both adherent and non-
adherent subsample is statistically not significant. 

Rejected 

16 H0-2-8: The goodness-of-fit statistic for the probabilistic model 
of DBP control as a function of antihypertensive treatment 
intensity for both diabetic and non-diabetic patients subsample 
is statistically not significant. 

Rejected  
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      Table 4.19 presents the hypotheses concerning the combined SBP/DBP. Statistical 

analysis suggested rejection some of the null hypotheses. All the independent variables were 

examined and stratified by the level of treatment intensity.  

Table 4.19 summary for SBP/DBP hypotheses 

No. Hypothesis  HO 
decision   

17 H0-1-3: There are no differences in combination SBP/DBP 
control rates between baseline and 90 days among patient’s age 
< 65 years and patient’s age ≥ 65 years, stratified by level of 
treatment intensity 

Rejected 

18 H0-1-6: There are no differences in combination SBP/DBP 
control rates between baseline and 90 days among female and 
male patients stratified by level of treatment intensity 

Fail to 
reject  

19 H0-1-9: There are no differences in combination SBP/DBP 
control rates between baseline and 90 days among adherent and 
non-adherent patients 

Rejected 

20 H0-1-12: There are no differences in combination SBP/DBP 
control rates between baseline and 90 days among diabetic and 
non-diabetic patients 

Rejected  

21 H0-2-9: The goodness-of-fit statistic for the probabilistic model 
of SBP/DBP control as a function of antihypertensive treatment 
intensity for both age < 65 and ≥65 subsample is statistically not 
significant. 

Failed to 
reject  

22 H0-2-10: The goodness-of-fit statistic for the probabilistic model 
of SBP/DBP control as a function of antihypertensive treatment 
intensity for both males and female subsample is statistically not 
significant. 

Failed to 
reject  

23 H0-2-11: The goodness-of-fit statistic for the probabilistic model 
of SBP/DBP control as a function of antihypertensive treatment 
intensity for both adherent and non-adherent subsample is 
statistically not significant. 

Rejected 

24 H0-2-12: The goodness-of-fit statistic for the probabilistic model 
of SBP/DBP control as a function of antihypertensive treatment 
intensity for both diabetic and non-diabetic patients subsample 
is statistically not significant. 

Rejected 
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    Table 4.20 shows the hypotheses that tested the associations between the independent 

variables, such as age, gender, adherence and diabetes, and the reduction one point at least 

of TCVR. 

Table 4.20: the hypotheses summary for TCVR 

25 H0-3-2: There are no differences in TCVR reduction rates 
between baseline and 90 days among patients’ age < 65 years 
and patients’ age ≥ 65 years, stratified by level of treatment 
intensity. 

Failed to 
reject 

26 H0-3-3: There are no differences in TCVR reduction rates 
between baseline and 90 days among female and male patients, 
stratified by level of treatment intensity 

Rejected 

27 H0-3-4: There are no differences in TCVR reduction rates 
between baseline and 90 days among adherent and non-
adherent patients, stratified by level of treatment intensity 

Fail to 
reject 

28 H0-3-4: There are no differences in TCVR reduction rates 
between baseline and 90 days among diabetic and non-diabetic 
patients, stratified by level of treatment intensity 

Rejected  

29 H0-4-1: The goodness-of-fit statistic for the probabilistic model 
of TCVR reduction as a function of antihypertensive treatment 
intensity for the <65 and >65 age subsample is statistically not 
significant 

Failed to 
reject 

30 H0-4-2: The goodness-of-fit statistic for the probabilistic model 
of TCVR reduction as a function of antihypertensive treatment 
intensity for the males and females patients subsample is 
statistically not significant 

Rejected 

31 H0-4-3: The goodness-of-fit statistic for the probabilistic model 
of TCVR reduction as a function of antihypertensive treatment 
intensity for the adherent and non-adherent subsample is 
statistically not significant 

Failed to 
reject 

32 H0-4-4: The goodness-of-fit statistic for the probabilistic model 
of TCVR reduction as a function of antihypertensive treatment 
intensity for the diabetic and non-diabetics patients subsample 
is statistically not significant  

Rejected  
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Table 4.21 summarizes the hypotheses that examined the relationship of taking different 

doses of valsartan groups treatments and the associated cost avoidance.   

Table 4.21 the summary hypotheses for cost avoidance of taking valsartan regimen  

33 H0-5-1: There are no differences in costs avoidance of taking 
treatment intensity  of 0.25 and 0.5  

Rejected  

34 H0:5-2 There are no differences in costs avoidance of taking 
treatment intensity  of 0.5 and 0.75 

Rejected 

35 H0:5-3 There are no differences in cost avoidance of taking 
treatment intensity  of 0.75 and 1 

Rejected 

36 H0:5-4 There are no differences in cost avoidance of taking 
treatment intensity of 1. and 1.5 

Rejected  
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Chapter 5: Discussion, Recommendations, Limitations and 

 Conclusion 

       The current study was conducted to assess and model the clinical and economical 

outcomes of varying levels of treatment intensity of a valsartan-centric regimen on 

hypertensive patients.  The key indicators that were examined in this study included the 

control rate of systolic blood pressure (SBP), diastolic blood pressure (DBP) and combined 

SPB/DBP. Another variable examined in this study was any reduction, of at least one point, 

in the total cardiovascular risk (TCVR). Finally, we evaluated the total cost avoidance 

associated with varying levels of treatment doses of valsartan-centric regimens. This study 

employed statistical models to identify factors for any one patient that may explain 

variations in the control rates of SBP, DBP, combined SBP/DBP and any reduction in the 

TCVR; monitoring responses to varying levels of treatment intensity. A simulation method 

was used to calculate the cost avoidance factors that were associated with valsartan-centric 

treatments. The following sections explored the major findings reached from each of the key 

indicators studied.   

5.1 Summary of SBP findings  

        Kaplan-Meier (K-M) curves were used to present the results with respect to each key 

indicator monitored in this study. K-M survival estimates of uncontrolled SBP stratified by 

age, gender, adherence status and diabetes were covered in Chapter Four. The long rank test 

showed that the probability of not achieving the target SBP among certain age groups (<65vs 

≥65), adherence groups (adherent vs non-adherent) and diabetic groups (diabetic vs non-

diabetic) were statistically significant. However, the long rank test also clarified that the two 
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curves dividing male and female patients were not significantly different. Furthermore, we 

excluded patients with renal diseases to see if there will be different in the K-M curves. 

However, there was no big changes in the KM curves. This may due to most of the patients 

were categorized as “unknown risk “and only few patients were categorized either as “have 

the disease” or do not have the disease”.  

      Overall, there were significant differences between visit one and visit two in terms of the 

control rates of SBP.  Both age groups (<65 and ≥65) monitored in this study had higher 

control rates of SBP at visit two compared to visit one.  Most of these results showed 

statistically significant differences in the control rates between visit one and visit two after 

90 days.  Using a likelihood ratio test (LR) to compare the fit of the full model with age and 

the reduced model (the same model but without age), showed that age is a good predictor 

for SBP control rate.  To explore these datasets further, stratification by age groups (<65 and 

≥65) was conducted. Non adherent patients in both age groups tended to have an 

approximately 20% higher chance of uncontrolled SBP than adherent patients. Furthermore, 

diabetic patients in both groups showed a very high chance of uncontrolled SBP compared 

to non-diabetic patients. 

        A significant increase in the total number of controlled SBP patients among both male 

and female populations was noticed after 90 days of taking different valsartan regimens. 

Women had a 54.5% higher percentage of the total controlled SBP than men. The LR test 

showed that gender was not a good modifier and may not be a good predictor for SBP control. 

However, we stratified by gender to examine the difference between men and women with 

respect to other factors.  Hazard ratios suggested that the chance of uncontrolled SBP was 



156 
 

approximately 70% greater in both diabetic men and women, compared to non-diabetics in 

both groups. Non adherent women had an 18% higher risk of uncontrolled SBP while non-

adherent men had only a 13% higher risk.  

      Adherent patients had a very high SBP control rate (78.5%) compared to non-adherent 

patients (21.5%). The LR test suggested that adherence is a good modifier and can be a 

strong predictor for controlled SBP. Stratification of patients into adherent and non-

adherent was conducted; non-adherent patients with diabetes had a higher risk (71%) of 

uncontrolled SBP than adherent patients with diabetes.  

       The relationship between the treatment intensity of each drug included in this study and 

SBP control rate was investigated. A total of 521 patients who took the lowest treatment 

intensity of 0.25 had their SBP controlled, compared with 305 patients who were in the 

highest treatment intensity group. The majority of controlled SBP patients were on 

treatment intensity of 0.5 (3,202) or 1 (1715).   

5.2 Summary of DBP findings 

       K-M curves survival estimates of uncontrolled DBP stratified by age, gender, diabetes and 

adherence were presented. The long rank test showed that the difference in probability of 

not achieving the target DBP between age groups, gender, adherence status and diabetes 

were statistically significant. Patients with renal diseases were excluded and there was no 

differences in the KM curves.  

   The control rates of DBP control among different populations were also significantly 

different in visit two over visit one.  The total number of the population who had their DBP 

controlled in visit two was twice the number of those with a controlled DBP after visit one.  
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       People aged <65 had a higher percentage of the total controlled DBP (52%) than people 

aged ≥65 (48%).  LR tests suggested that age is a good predictor for the DBP control; after 

stratification by age, the results suggested that the risk of uncontrolled DBP in people who 

were younger than 65 was 72% greater if they were diabetic and a further 11% greater if 

they were non-adherent to their medications. People who were 65 or older had a 69% higher 

risk of uncontrolled DBP if they were diabetic.  

      Although the findings showed that men had a higher percentage of controlled DBP 

compared to women, this difference in the percentage of controlled DBP was not statistically 

significant. LR showed that gender was a good modifier for DBP control and therefore we 

stratified by gender. The findings suggested that the risk of uncontrolled DBP was 69% and 

71% greater in diabetic male and female patients, respectively. However, the risk of 

uncontrolled DBP was only 4% and 12% greater in non-adherent male and female 

populations, respectively. 

        A large number of adherent patients had their DBP controlled at visit two (77.1%). The 

LR test showed that the adherence status was a good modifier; after stratification by 

adherence, the chance of uncontrolled DBP was 70% and 75% greater in adherent diabetics 

and non-adherent diabetic patients, respectively. In fact, diabetic patients had a lower 

percentage of controlled DBP compared to non-diabetic patients 90 days after visit one 

(13.3% vs 86.7% respectively). Diabetes status was shown to be a good modifier according 

to the LR; after stratification into diabetes and non-diabetes, the chances of uncontrolled 

DBP were 19% and 6% greater in diabetics who were adherent and non-diabetics who also 

were adherent, respectively. The impact of varying treatment intensity levels on the DBP was 
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also evaluated; the majority of patients who had their DBP controlled were on a treatment 

intensity of 0.5 (46.7%), the lowest control rate was seen on patients who had the highest 

treatment intensity of 1.5 (4.3%).  

5.3 Summary of combined SBP/DBP findings 

         With regard to presenting the results for SBP/DBP using K-M curves, the long rank test 

showed that the difference in probability of not achieving the target SBP/DBP among age 

groups, diabetic status groups and adherence status groups were statistically different. 

However, the probability of not achieving the target BP between male and female 

populations was not statistically significant. Overall, the total number of the controlled 

SBP/DBP populations increased significantly in visit two compared to visit one. 

Furthermore, there was no big changes in the KM curves after we excluded patients with 

renal diseases. 

    People aged 65 and older had a lower percentage of controlled SBP/DBP (44.6%) as 

compared to people 65 and younger. For the younger age group, the chance of uncontrolled 

SBP/DBP was 85% greater in diabetics compared to non-diabetics.  Moreover the risk of 

uncontrolled SBP/DBP was also higher in non-adherent patients (20%). For people who 

were 65 and older the chances of uncontrolled SBP/DBP were 84% and 15% higher in 

diabetic and non-adherent patients respectively.   

       With regard to gender, the female population had a higher percentage of controlled 

SBP/DBP (59.5%) compared to men (40.5%). Performing the LR test indicated that gender 

may not be a good modifier but we stratified by gender anyway to obtain further data depth.  

The hazard ratios suggested that the chances of uncontrolled SBP/DBP were 83% and 13% 
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higher in male populations who were diabetics and non-adherent, respectively. For the 

female population, the hazard ratios suggested that the risks of uncontrolled SBP/DBP were 

85% and 13% higher in diabetic and non-adherent patients, respectively. 

       The association between the combined SBP/DBP control and adherence status was 

examined further; the adherent population had a higher percentage of controlled SBP/DBP 

compared to non-adherent. That is, 92% of the total controlled SBP/DBP was from patients 

who reported that they had not missed a dose of valsartan during the four weeks prior to 

visit two. The hazard ratios suggested that for the non-adherent population with diabetes, 

the chance of uncontrolled SBP/DBP was 86%. 

       With regard to diabetic status, the SBP/DBP control rate was higher in non-diabetic 

patients (87%) compared to the non-diabetics (13%). After stratification by diabetic status, 

the risk of uncontrolled SBP/DBP was 17% greater in non-diabetic patients who were 

categorized as non-adherent. However, the percentage of risk was even higher among 

diabetic patients who were categorized as non-adherent (26%). The results were related to 

treatment intensity were similar to the results of SBP and DBP. That is, the treatment 

intensity of 0.5 had the highest percentage of controlled SBP/DBP (48.7%) while an intensity 

of 1 had the lowest percentage (4.3%). 

5.4 Summary of TCVR findings 

      Based on different factors, TCVR was divided into four types: low added risk, moderate 

added risk, high added risk and very high added risk (Mancia et al., 2007).  K-M curves were 

used to show the probabilities of achieving one point reduction in TCVR. The long rank test 

showed that the difference in probability of not achieving one point reduction in TCVR 
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between males and females, and between diabetics and non-diabetics, was statistically 

significant. The differences in the probabilities between the under and over 65 age groups, 

and between adherent and non-adherent groups, were statistically insignificant.   

        Overall there was a reduction in the residual of TCVR values after 90 days of taking 

valsartan treatments. There was a significant reduction in the percentage of people who 

were categorized as very high added risk (53%) at the baseline, to only 33% after 90 days of 

treatment. The percentages of people aged <65 was higher in low, moderate and high added 

risk TCVR compared to those aged ≥ 65. However, those in the older age group claimed a 

higher percentage of those classified as very high added risk. Performing the LR test 

suggested that age was not a good predictor for reduction of one point in TCVR. Regardless, 

we stratified the results by age for more descriptive results.  

       Women had higher percentages of both low and very high added risk TCVR (51.4 % & 

56%), where men had higher percentages in both moderate and high added risk (50.4 

&50.3%).  According to the LR test, gender may not be a good predictor for reduction of one 

point in the TCVR; we stratified by gender for more explanation.  

      Furthermore, the association between adherence and the reduction of one point in TCVR 

were examined in this study. Surprisingly, people who categorized as adherent had a higher 

percentage in all four categories of TCVR compared to those who were not adherent. The 

reason for this may be due to the larger sample of adherent patients in our study. Diabetics 

had higher percentages of high added risk, while people without diabetes had higher 

percentages of low, moderate and high added risk TCVR.  
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5.5 Summary of cost avoidance findings  

        OCED data was used to determine the ratio of spending on health and pharmaceuticals 

between the US and Belgium. We made assumptions to produce a simulation model used to 

calculate the direct cost of treating hypertension per year, and to estimate the cost avoidance 

of valsartan-centric regimens.  

        Different levels of the treatment intensity were associated with different costs 

avoidances. In fact, the associated cost avoidance with treatment intensity were dose related.  

This means that when the treatment intensity was increased, the cost avoidance also 

increased. Treatment intensity levels of 0.25, 0.5, 0.75, 1.0 and 1.5 correlated to cost-

avoidance totals of $261,164; $2,403,188; $6,384,142; $8,702,272 and $10,230,321 

respectively. 

       However, when we ignore our assumptions and the concept of treatment intensity, the 

results were a little different. The results revealed that taking 80 and 160mg of valsartan 

could save $3,691,517 and $3,516,687 respectively. On the other hand, ingestion of a 

combination of valsartan with HCTZ at different doses could lead to different cost saving 

values; an estimated $2,939,532 where using valsartan 80mg combined with 12.5mg of 

HCTZ . Taking a combination of a higher dose of valsartan (160 mg) and a low dose of HCTZ 

(12.5mg) revealed a saving of $2,721,175, and taking higher doses of both (160mg and 25mg 

respectively) saved $3,804,861.  

     The estimated cost savings of taking valsartan and amlodipine were higher than taking 

valsartan monotherapy, or taking it in combination with HCTZ. The estimated cost avoidance 

of taking the combination of 80mg valsartan and 5mg amlodipine was $4,851,708. Increasing 
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the doses of one or both drugs in the combination was not associated with an increase in the 

amount of the cost savings; the combination of valsartan 160mg and amlodipine 5mg was 

associated with a cost saving of $4,429,820 and savings resulting from the combination of 

higher doses of both valsartan 160mg and amlodipine 5mg totaled $3,412,326. 

5.6 Discussion  

      This study attempted to address four main questions: First, what maximum control rates 

for SBP, DBP and combined SBP/DBP can be achieved by using varying levels of treatment 

intensity of valsartan-centric regimens for Belgian patients? Second, how do patient-related 

factors, including age, gender, adherence to medication and diabetes status, impact the 

control rates of SBP, DBP, and combined SBP/DBP? Third, how do the effectiveness of 

different levels of treatment intensity in valsartan treatment groups, and patient-related 

factors affect the TCVR? Fourth, what expected cost avoidances could be associated with 

varying levels of treatment intensity of valsartan-centric regimens?  

      We performed a unique approach, which we call Bailey’s approach, to assess the clinical 

impact of varying levels of treatment doses of valsartan-centric regimens, on both BP and 

TCVR, for 17,633 Belgian patients whose prior line of treatment had failed or otherwise not 

tolerated.  To the best of our knowledge, our study is the first that followed Bailey’s approach 

to explain how both valsartan-centric regimen effectiveness and patient-related factors may 

impact hypertension control rates. Furthermore, this study may be the first that applied 

Bailey’s methodology to estimate the residual reduction of TCVR.  Bailey’s methodology uses 

Kaplan-Meier (K-M) curves to estimate the probability of not achieving target BP among 

certain levels of treatment intensity (treatment intensity to event), instead of the typical use 



163 
 

of K-M curves which is used to estimate the portion of patients living for a certain amount of 

time after using certain drug(s) (time to event) (Goel et al., 2010).  This method assumes a 

fixed increase in the treatment intensity, from 0.25 to 1.5, until either BP target was achieved 

or patients switched to other anti-hypertensive medications (Bailey et al., 2008).  

        Despite the fact that there has been significant improvement in increasing the 

awareness, treatment, and control of hypertension in the last 40 years, the control rate of BP 

remains suboptimal in real practice (Khatib et al., 2014; Nwankwo et al., 2013, Chobanian, et 

al., 2009; Bailey et al., 2008). In fact, the control rate of BP varies from 64% in Canada 

(Statistics Canada 2014), 47% in the US (CDC 2014) and 28% in England (Falaschetti et al., 

2009), to as low as 8% in Egypt and 6.5 % in Tanzania (Kayima et al., 2013). The control rate 

of BP in this study (34%) may be considered unsatisfactory but at the same time, such a 

control rate is not unusual for Europe (Abraham et al., 2011). To understand the reasons and 

the barriers for not achieving high control rates, we used the Cox model; enabling us to 

isolate the impact of valsartan treatments from other explanatory variables or patient- 

related factors (Walters 2009).  

         Our analysis showed that out of the total population, the control rates in SBP, DBP and 

total BP were 39%, 60% and 34% respectively; the increase in the number of patients with 

controlled SBP, DBP and SBP/DBP after 90 days on valsartan regimens were statistically 

significant (p<0.001). These results agree with those from a recent review study (T3 

translational study) which confirmed that valsartan and its combination with either HCTZ or 

amlodipine were effective for patients with a history of failed or otherwise intolerant anti-

hypertensive treatment. (Abraham et al., 2011).           
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         An important aspect of our study was that we were able to examine the difference 

between low intensive therapy (valsartan only) and moderate to high intensive therapy 

(combined of higher doses of valsartan and HCTZ or amlodipine) in terms of real-world 

effectiveness.  We did that by examining the effect of different levels of treatment intensity 

of valsartan-centric regimens on the control rates of isolated SBP, DBP and combined 

SBP/DBP. Out of the total population who had their SBP, DBP and BP controlled, the lower 

treatment intensity correlated to the lower rates of controlled patients. Our results were 

compatible with other studies which examined the difference between monotherapy and 

combination therapy in relation to controlling BP (Kizilirmak et al., 2013; Oparil et al., 2011; 

Allemann et al., 2008; Andreadis et al., 2005).  Furthermore, these findings are consistent 

with the recommendation from the guidelines for hypertension management that 

combination therapy may be more effective than monotherapy in achieving the target BP for 

most hypertensive patients, especially for those with a severe elevation in SBP, DBP or 

SBP/DBP, and for those at significant risk of cardiovascular events (Mancia et al., 2013; 

James et al., 2014). More importantly, such a result might prove to physicians who do not 

believe in treating hypertension with intensive therapy (White 2008) that it might be useful 

to consider initiating hypertension treatment with intensive therapy of valsartan-centric 

regimens, to achieve the target BP value.  Intensive therapy is where higher doses of the drug 

combinations are used or where more than 2 drugs are used at the same time.  (Oparil et al., 

2011).  

        In our study, valsartan treatment groups were effective for both age groups, <65 and ≥ 

65 years, after 90 days. However, similar to the conclusions of certain other studies, we found 

that being old is a strong predictor for the low control rates in SBP and combined SBP/DBP 
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(Abraham et al., 2011; Musini et al., 2010; Saunders et al., 2008; Bailey et al., 2008; Pool et 

al., 2007).  Hypertension is more likely to affect the elderly population and consequently 

exposes them to a higher risk of cardiovascular diseases and organ damage (Expert 

Consensus Document 2011). The clinical evidence from several randomized controlled trials 

(RCTs) suggested that intensive anti-hypertensive treatments to lower BP, especially SBP, 

may be required to decrease the frequency of cardiovascular events in elderly hypertensive 

populations (Zhang et al., 2011; Mancia et al., 2013).  Oparil et al. also reported that starting 

hypertension therapy with an intensive doses of both amlodipine and valsartan led to 

substantial reduction in BP compared to a moderate treatment with the same drugs (Oparil 

et al., 2011). Therefore, the same concept of initiating anti-hypertensive treatment with 

intensive therapy of valsartan might be beneficial for the elderly population in this study.     

       It is worth noting that the aggressive treatment to lower BP, especially SBP below 

140mmHg may lead to what is known as J-curve phenomenon in older patients (Chrysant 

2011).  J curve phenomenon explains the inverse relationship between lowering DBP and 

the higher risk of cardiovascular events (Chrysant 2011); using intensive treatment may not 

only lead to decreases in the level of SBP <140 but it also may lead to decrease the DBP <70 

which may lead to an increase in the chance of cardiovascular morbidity and mortality 

(Chrysant 2011).  Therefore, taking into account the J curve phenomenon, the question that 

should be addressed here is how far should the level of SBP and DBP be reduced, in elderly 

hypertensive patients with diabetes or other risk factors, to prevent cardiovascular events 

and diabetes-related complications, and whether initiating the treatment with intensive 

therapy of valsartan groups would be helpful?  (Mancia et al., 2013, Krakoff 2008).   
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       According to the European guidelines for hypertension management there has been no 

clear evidence on the benefits of initiating treatment with intensive therapy in order to 

reduce the SBP value to less than 130 mmHg. Nevertheless, they recommend that older 

patients whose SBP is ≥160 mmHg should receive treatment to decrease the value of SBP to 

140 mmHg (Mancia et al., 2013). Krakoff argued that the reduction of SBP levels from 160 

mmHg to 145 mmHg was more beneficial for elderly patients than reducing the level of SBP 

from 142 mmHg to 138 mmHg (Krakoff 2008). However, Krakoff did not mention if this 

statement should be applied to elderly patients with other risk factors such as diabetes. 

Hence, physicians in our study might consider treatment with intensive higher doses of 

valsartan-centric regimens or using more than two drugs (e.g. triple treatment) (Oparil et al., 

2011) to reduce the mortality risk as moderate doses of valsartan treatments were not as 

effective as recommended for hypertensive patients with diabetes. A systemic and meta-

analysis study found that when the triple combination of valsartan, amlodipine and HCTZ 

were administered together, at any dose, they were more effective in reducing BP, in 

comparison to a dual combination, without any significant increase in adverse events 

(Kizilirmak et al., 2013). More research should be directed to evaluate the impact of initiating 

therapy with intensive valsartan-centric regimens on reducing the level of SBP and DBP and 

the beneficial effect on preventing cardiovascular complications and renal disease progress. 

         Although males and females were different in achieving the control rates in SBP and 

combined SBP/DBP: these differences were small.  A subgroup analysis by gender of several 

RCTs found no difference between female and male populations in terms of BP reduction and 

associated cardiovascular events (Mancia et al., 2013). However, Bailey and his colleagues 

found that the percentage of population who achieved the target BP is decreased by 10% and 
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20% for each increase in age, by 10 years respectively, in both male and female populations 

(Bailey et al., 2008). In fact, women aged 65 and older tend to have higher isolated SBP levels 

compared to men which may be why BP control is hard to obtain in elderly female patients 

(Expert Consensus Document, 2011, Davies et al., 2005).  Therefore, it has been 

recommended that intervention to prevent the increase in SBP should target women before 

the age of 65 to avoid cardiovascular complications due to changes in BP (Martins et al., 

2001).  Further research should be focused on understanding the effect of the combined age 

and gender on the control rate of BP for people who administer valsartan centric regimens. 

        We were able to confirm that the presence of patient-related barriers, such as diabetes, 

had a negative impact on the control rate of BP; using valsartan treatments has however 

been recommended for preventing the progress of renal diseases and other complications 

that are associated with diabetes (Yamashita et al., 2013; Weir et al., 2011, American Diabetic 

Association 2004 Expert Consensus Document 2011; Abraham et al., 2011; Duggirala et al., 

2005; Wang et al., 2005; Shulman et al., 1989). More importantly, our analysis showed that 

if diabetes was coupled with another barrier for achieving BP control, such as older age, the 

chance of the uncontrolled BP may be significant; the chance of uncontrolled BP was more 

than 70% if hypertensive patients were ≥65 and diabetic. This may support the conclusions 

of other studies, that older hypertensive patients with diabetes have a higher mortality risk 

compared to the same age without diabetes (Expert Consensus Document 2011, The 

navigator Study Group2010, Viberti et al., 2002). 

       Another important confirmation obtained by this study was the importance of adherence 

to valsartan and its combinations. Our analysis showed that the control rate of SBP, DBP and 
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SBP/DBP were all very high among adherent patients compared to non-adherents, 

confirming the conclusions of other studies on the significance of adherence in achieving BP 

control (Abraham et al 2011; Ogedegbe 2008; White 2008; Bosworth et al., 2002).     

Additionally, our analysis showed that the chance of uncontrolled BP was high among all 

different types of population subsets that were not adherent to valsartan treatment groups. 

This may support the clinical evidence from other studies that adherence to anti-

hypertensive medications is the most pertinent barrier to achieving a target BP (Ogedegbe 

2008; White 2008; Bosworth et al., 2002).  

      While our analysis showed that there were small differences in adherence rates to the 

different levels of valsartan treatment intensity groups, the question that needs to be 

addressed is how the administration of intensive higher doses of valsartan treatment groups 

may impact the adherence to these drugs. The information in our database did not tell us 

whether the different combinations of valsartan treatment were given as two pills separately 

or as a single-pill combination (SPC); SPCs have been found to reduce the burden of pills and 

increase the adherence to anti-hypertensive medications (Panjabi et al., 2013, White 2008). 

Further research should be conducted to examine the impact of starting intensive valsartan 

treatment regimens with more than one pill on patient-adherence to taking these specific 

drugs.   

      A benefit of the methods used in this study was the choice to apply the European guideline 

recommendations in using TCVR as an outcome to grade the effectiveness of anti-

hypertensive drugs (Abraham et al 2011; Lin et al., 2011). In fact, our analysis confirmed the 

conclusions of other studies, in that a 90-day second line treatment consisting of valsartan 
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and its combinations leads to substantial decrease in the TCVR (Lins et al., 2011; Abraham 

et al., 2011).  At the baseline, 54.3% of patients in this study were in the very high added risk 

category; after 90 days of valsartan-centric regimens, this value was decreased to 33.1%.  

This reduction, of approximately 20%, was closer to the value reported in a previous study 

by Lins and his colleagues. Examining the impact of age on the reduction of the TCVR showed 

that the after 90 days of using valsartan treatments, the total number of younger population 

(<65 year) in the very high added risk category was reduced significantly compared to the 

total number of older population (≥65 years). This may indicate that 90 days of using 

valsartan treatments were more effective in <65 more than ≤ 65 years populations. A future 

potential research may be targeted the older population to examine the impact of increasing 

the treatment intensity of valsartan centric regimens on the TCVR.  

        Furthermore, our results showed very slight decrease in the total number of patients 

who were under the high added risk category. This may indicate that even if we assume that 

valsartan regimens were able to reduce the level of SBP and DBP to the target level 

(SBP<140, DBP< 90), patients may still have three or more risk factors such as a high level 

of total cholesterol, LDL, triglycerides or diabetes, which means such patients would still be 

classified under the high added risk TCVR category (Lins et al., 2011). More importantly, that 

although Mancia et al. argued that younger people, particularly women, are unlikely to 

experience the higher risk levels, even where more than one major risk factor is present,  our 

analysis showed that a high proportion of patients aged under 65 had a high added risk TCVR 

(Mancia et al., 2013).  More research should be targeted at understanding how both gender 

and other risk factors such as the high level of cholesterol affect the TCVR, even where a 

controlled BP has been achieved.  
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      Furthermore, majority of diabetic patients in our study showed very little change in their 

TCVR after 90 days of using the different doses of valsartan treatments. This may indicate 

that diabetes is a strong risk factor even with using antihypertensive treatment to control 

the BP. This result is compatible with the results from another study: the presence of 

diabetes may inhibit the benefit of antihypertensive treatment for reducing TCVR (Lins et al., 

2011). This may also suggest that for hypertensive patients with diabetes the focus should 

be on reducing the blood glucose level in order to reduce the TCVR.  Therefore, the treatment 

plan should not only be focused on reducing BP but also to manage blood glucose level in 

order to reduce the TCVR (Lins et al, 2011).  

        Conversely, the proportion of patients in the moderate added risk category in our study 

increased from 21.5% at the baseline to 24% at the follow up. This may be due to either 

shifting the patients from a very-high to a moderate added risk grouping, or the majority of 

those patients may have had more than 3 risk factors, resulting in a moderate added risk 

TCVR (Mancia et al., 2013).  This may conflict with the result from a previous study that 

found that the proportion of patients in the moderate added risk group was reduced from 

41.6% at the baseline to 26.4% after treatment (Lin et al., 2011). In addition, similar to 

another study (Lins et al., 2011), the efficacy of anti-hypertensive treatments has been 

proven in our study that 90 days of valsartan-centric treatment regimens resulted in an 

increase of the proportion of patients categorized as low added risk TCVR. That is, valsartan 

treatments was effective in shifting large number of patient from higher added risks TCVR 

(moderate, high or very high added risk TCVR) into low added risk TCVR. 
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         An innovation to highlight in our study is that it is the first to calculate the per-year cost 

avoidance totals that may be associated with taking valsartan regimens for hypertensive 

patients, in Belgium, from the payers’ perspectives. Based on the assumptions of the 

simulation method used, we found that cost avoidance was dose related; each increase in the 

level of treatment intensity correlated to an increase in the cost avoidance.  Even when we 

violated our assumptions and used a naïve method to calculate the cost avoidance, higher 

cost avoidance was associated with drugs with higher doses compared to those with low 

doses. We found a slight difference in the cost avoidance between the two doses (80mg and 

160mg) of valsartan monotherapy; for combination drugs we found a significant difference 

in cost avoidance between the different combinations and also between the combination 

drugs and monotherapy. The cost avoidance associated with taking the combination of 

varying levels of valsartan and amlodipine doses was higher than the cost avoidance 

attributable to administering varying levels valsartan and HCTZ doses, and also higher than 

taking valsartan monotherapy. More research may be needed to validate our assumptions 

and cost avoidance results. 

       Although we only estimated the cost avoidance for hypertension without co-morbidities, 

our study may suggest that using valsartan-centric regimens for patients with co-morbidities 

may lead to an even higher cost avoidance (Ravera et al., 2006). In the US, the estimated 

health expenditure for uncontrolled hypertension with complications and co-morbidities 

was $108.8 billion (Hodgson et al., 2001; Tans et al., 2012). Significant research may be 

needed in calculating the cost avoidance where using different levels of valsartan treatment 

intensity for hypertensive patients with co-morbidities.  
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5.7 Study Limitations  

        Although we accounted for the most important patient-related factors, we missed other 

factors that may play roles in achieving BP target such as: smoking, level of education, level 

of income, patient confidence, alcohol use and exercise (Kenigsberg, 2011; Keenan et al., 

2011; Neldam et al., 2008). Where accounting for age as a risk factor, we only investigated 

two different age groups (≥ 65; <65 years). As such, we were not able to calculate the 

percentage of BP control rate reduction or increase with only, for example, a 5 or 10 year +\- 

difference in age.  Considering more age groups may give us better estimates of the impact 

of age group on the control rates of SBP, DBP, and SBP/DBP. Further research is needed to 

study the impact of specific age-groups on BP control rates overall. 

      Despite the fact that we used treatment intensity measures to give an indication of the 

aggressiveness of hypertension treatment by physicians, we did not fully measure the impact 

of clinical inertia on the control rate (Bailey et al., 2008). There were other physician-related 

factors that this study did not examine, including a physician’s knowledge the anti-

hypertensive treatments, adherence to the European guidelines for hypertension 

management and his/her behavior with patients. Such factors may have an impact on the 

control rate of BP and further study is required to examine these possibilities (Harle et al., 

2013; Bailey et al., 2008; White, 2008; Ogedegbe, 2008; Olvieria et al., 2002).   

       By applying the K-M curves methodology, we were only interested in knowing whether 

the patients had achieved the BP target or not (Bailey et al., 2008); we did not account for 

the number of visits that each patient had between visit one and visit two. This means we 

only judged a patient’s BP based on the visit he or she made after 90 days, and ignored their 
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BP values at other times in-between the two monitored visits (Bailey et al., 2008). The 

number of visits to physician’s office that patients had may impact the control rate. Further 

research should account for this factor to understand the impact on BP control rate 

(Guthmann et al., 2007; O’Connor et al., 2005; Paramore et al., 2001). 

       Our use of treatment intensity to represent the strength of the drug(s) may be considered 

a weakness. By doing this, we did not consider drugs based on their pharmacological efficacy, 

but instead we used a formula to measure their treatment intensity (Bailey et al., 2008). We 

had two different combinations: valsartan 160mg and HCTZ 12.5; and valsartan 80mg and 

amlodipine 5mg; both combinations had the same treatment intensity of 0.75. In our 

interpretation, these two combinations have the same pharmacological effect when in 

practice they might not (Gradman et al., 2010; Destro et al., 2010; Bailey et al., 2008).   

      We realized that we may have oversimplified our estimate for the total cost avoidance 

that were associated with taking different levels of valsartan-centric regimens. Although we 

made every possible attempt to avoid the bias in our final estimation of the cost avoidance, 

our simulation estimates may need more validation. The assumptions we made were based 

on the results of other studies that examined the effect of intensive anti-hypertensive 

therapy versus moderate anti-hypertensive therapy. Such assumptions might introduce a 

bias to our final results because of the different populations and environments experienced 

between the different studies. Although we estimated the ratio of spending on health and 

pharmaceuticals between the US and Belgium, using one country’s data to estimate the cost 

in another may sound unscientific partly because of the different populations and health 

systems in use.  
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       All of the limitations in our methodology identified here may introduce a deficiency to 

our results and consequently affect the internal validity of our study. Our study may have the 

same bias as the observational studies (Slack, 2013). Therefore, we expect some issues 

related to the internal validity of our study.  The main limitation of our current study is the 

generalizability; the data we used was from 7 studies conducted in Belgium, thus results may 

not be generalizable beyond those Belgian patients. Although our findings may be 

considered nationally representative, they cannot be generalized to other hypertensive 

patients from other countries. 

5.8 Conclusion and Recommendations 

      Treatments with valsartan groups was associated with a high reduction in BP and TCVR 

residuals. Increasing the treatment intensity was associated with increasing the cost 

avoidance. Both of these clinical and economical conclusions, from varying valsartan 

treatment intensities, may prove that intensive hypertensive treatment results in major 

clinical and economic benefits. Therefore, our study may support the concept that an 

aggressive initial anti-hypertensive treatment with valsartan treatment groups should be 

considered by physicians, in particular for patients who are at high risk of cardiovascular 

events, renal disease and hypertension, such as elderly and diabetic patients. However, 

adverse effects associated with initial intensive hypertensive therapy should be given 

attention; more research on this matter is required. 

       Policy makers who aim at reducing the expense in treating hypertension and the 

associated complications, should consider reimbursement for anti-hypertensive treatments 

with higher doses of valsartan-centric regimens taking into account the adverse effects that 
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may occur with aggressive therapy. The side effects that may be associated with intensive 

therapy might have negative economic consequences (Pattanaik et al., 2009). Further 

research needs to focus on the economic impact of the adverse effects of higher doses of 

more than two drugs simultaneously (valsartan-centric regimens).   

      Focusing on addressing the patient-related factors that may act as barriers for achieving 

the optimal control rate is critical (Lins et al., 2011), but starting with aggressive anti-

hypertensive treatments should be considered. More research is needed for not only patient-

related factors, especially for patients with diabetes, but also physician-related factors that 

may impact the control rate of BP.   

     Anti-hypertensive treatments may not be the only solution for shifting and reducing the 

TCVR. Paying attention to understanding the modifiable risk factors may have a positive 

impact on the TCVR (Mancia et al., 2013).  More research on the barriers of achieving a high 

control rate of BP and on the risk factors of TCVR are required.  
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