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Non-communicable diseases have become a main contributor to the 
global burden of disease, accounting for 58% of total disability 
adjusted life years (DALYs) in 2013. Notably, cardiovascular and 
cerebrovascular diseases accounted for 13.5% of total DALYs [1]
worldwide. The trend is similar in developing countries, where these 
conditions contributed 12.3 % to total DALYs [1].

Using DALYs to estimate the burden of disease in Vietnam, non-
communicable diseases accounted for 66%, injuries for 16% and 
infections and other diseases for 18% of the total in 2013 [1].
Regarding the economic consequences, an estimated 20 million US$, 
equal to 0.033% of annual national GDP, was lost due to non-
communicable diseases in 2005, which was expected to double by 
2015 if no interventions were put in place [2].

The priorities for investment in the health sector are based on changes in 
the patterns of disease, illustrated in Fig 1 [1]. In Vietnam, the health 
sector invested in communicable diseases, in previous years, and 
succeeded in controlling them to a certain extent. In the coming years, 
solutions to prevent and manage non-communicable disease need 
investments to be strengthened [2-4].

Chapter 1 

 

Among the non-communicable diseases, cardiovascular disease 
(CVD) dominates. For example, looking at the burden of disease due 
to non-communicable diseases, the biggest condition contributing to 
loss of DALYs is CVD, at around 23% [1]. Therefore, this thesis will 
focus on the prevention of CVD as an example of an important non-
communicable disease burden for Vietnam with potentials for 
improved prevention and treatment. This thesis concentrates on the 
integration of results from empirical research on risk factors in the 
Vietnamese population into relevant models to predict final clinical 
outcomes and on the cost-effectiveness of different approaches to 
prevention. The ultimate aim is to provide recommendations on CVD 
prevention in comparable developing countries based on economic
considerations. 

Health system and health services in Vietnam

Vietnam’s health system is organised from the national to the 
provincial to the district then to the community (grassroots) level. 
Primary health care services, which should be the first place to access 
health care, are provided at grassroots level. In practice, people can 
access health services at higher levels directly without a primary 
health-care physician’s referral and can buy medicine without 
prescriptions in the free market. 

In recent years, health services for non-communicable diseases were 
expanded at community health station and district levels [5]. This is 
seen as a major improvement. However, challenging issues in the 
characteristics of the current health care system need to be considered.
Firstly, multiple entrances for health services lead to difficulties in 
following up patients and in estimating the total burden of diseases. 
Secondly, the absence of health information systems and lack of 
integration among different health services, especially for patients 
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with chronic diseases, lead to inconvenient or ineffective treatment 
and unnecessary lifelong health care. Thirdly, lack of capacity and of 
budgets for continuous and lifelong management of chronic diseases 
at community health stations lead to under-detection, under-diagnosis 
and under-treatment of disease [5, 6]. This thesis aims to investigate 
solutions for better CVD prevention and treatment in Vietnam.

In the next sections of this chapter, the methods and solutions used in 
the studies described in this thesis will be discussed. In the final 
section, the main contents of each chapter are introduced. 

Approaches to CVD – feasibility & potential application in 
Vietnam

A number of lessons and recommendations on early detection and 
management of CVD are available from different countries around the 
world, some of which may have potential for application in Vietnam. 
Strategic priorities on prevention and management of CVD are often 
guided by the World Health Organization (WHO). The WHO 
recommends three strategies: (1) reducing CVD risk factors 
effectively; (2) developing solutions to manage CVD with  
consideration for cost effectiveness and equity; and (3) monitoring 
CVD and its risk factors [7]. These strategies focus on both primary 
and secondary prevention. 

Primary CVD prevention strategies have been targeted to people with 
CVD risk factors such as behavioural or metabolic factors. 
Population-based interventions often focus on behavioural risk factors 
such as smoking, excessive alcohol intake, unhealthy diet, physical 
inactivity or having stress. Individual-based interventions commonly 
comprise screening and treatment focussing on metabolic CVD risk 
factors such as hypertension, diabetes, obesity and dyslipidaemia. 

Chapter 1 

 

Especially hypertension is known to be an important factor 
contributing to the burden of CVD [8]. The prevalence of 
hypertension has been increasing in recent years [8, 9]. Unfortunately, 
the percentage of undiagnosed people with hypertension is estimated 
to be quite high, both globally and in Vietnam: 53% globally [10] and 
approximately 52% in Vietnam [9]. This high number of undiagnosed 
hypertensive persons who are not yet on appropriate treatment is one 
key obstacle to reducing the burden of this disease. Screening for 
hypertension is therefore an important first step  to increase both 
awareness and treatment of hypertension [11], which would finally 
reduce the burden of CVD [12].

Several studies on screening for hypertension have been conducted. In 
Canada, it is recommended to check blood pressure of all adults 
during regular visits to physicians [13] but there is no evidence
concerning those who seldom access health care. The optimal 
frequency of screening is still unknown and no evidence is available 
about the best screening interval [13]. In the USA, screening is 
recommended for all adults every one or two years [14]. There, it was 
found that annual screening was more specific (with an overall 11% 
improvement) in comparison with routine screening at every visit 
[15]. In the UK, a population-based screening programme for 
hypertension was not recommended [16]. In The Netherlands, the 
recommendation is to screen for hypertension based on age, history of 
CVD and other CVD risk factors [17]. In Japan, a hospital-based study in 
a population not taking antihypertensive medicine at baseline and older 
than 20 years suggested that the recommended screening interval for 
hypertension, either every two or three years, depends on the systolic 
blood pressure level [18].

Up to now, there is insufficient evidence regarding the impact on 
mortality and morbidity of population-wide screening for 
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hypertension in developing countries [19]. Furthermore, the optimal 
strategy for screening under given conditions is still unclear. For 
example, on which part of the population should the screening focus: 
population-wide or only those people with high risk? Which screening 
interval should be applied? 

After detection of hypertension, appropriate treatment plays an 
important role in controlling blood pressure and reducing the risk of 
CVD [20, 21]. This comprises both prevalence of treatment and 
adherence. Although evidence exists that long-term adherence to 
medicine among hypertensive patients reduces CVD events [22, 23],
adherence to medicine can be very low. For example, one meta-
analysis covering 376,162 patients using medicine to prevent CVD 
found the percentage of adherent patients to be only 57% [24].
Information about adherence, factors affecting adherence, and the 
effect on outcomes when adherence improves is not available for the 
Vietnamese population.  

This thesis aims to investigate solutions for better CVD prevention 
and treatment in Vietnam, including adherence issues. The research 
questions and sub-research questions are listed below. 

Research Questions

The main research question reads “What are cost-effective ways of 
screening for and managing hypertension to prevent cardiovascular 
diseases in Vietnam?”

Sub-questions were:

1. Which model is most appropriate to measure CVD risk in 
Vietnam?

Chapter 1 

 

2. How good is adherence to hypertension treatment and which 
factors affect adherence in the study population?

3. How will adherence to hypertension treatment influence 
outcomes?

4. What are the future risks of CVD in case of non-treatment or 
non-adherence?

5. What quality of life is experienced by hypertensive patients in 
the Vietnamese population?

6. What is the burden of disease if hypertension is not treated or 
controlled? 

7. Which is the most cost-effective population screening strategy 
to identify patients with hypertension at risk for future 
complications, in the context of modelling various screening 
and treatment coverage scenarios?

8. What recommendations can be given for national programs to 
identify patients with hypertension and to minimize risks of 
further disease development in those patients?

Methods available from previous studies and applied in this thesis

Predicting outcomes of CVD interventions

To identify the efficacy of an intervention, the preferred approach is to 
run clinical trials, especially double-blind, randomized, controlled 
trials (RCT). However, there are obstacles to conducting RCTs, such 
as, for example, the large scale and long duration, resulting in high 
costs. Additionally, there are ethical issues concerning the inclusion of 
patients in control groups or exposing them to untested treatments. 
Finally, RCTs often measure intermediate outcomes rather than 
clinical endpoints of morbidity and mortality. To help overcome these 
limitations, several models have been developed to predict CVD 
events in populations. For example, the Framingham risk score, the 
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“assessing cardiovascular risk to Scottish Intercollegiate Guidelines 
Network to assign preventative treatment” (ASSIGN) score, 
systematic coronary risk evaluation (SCORE) score, Prospective 
Cardiovascular Münster (PROCAM) score, QRESEARCH 
cardiovascular risk algorithms, and the World Health 
Organization/International Society of Hypertension (WHO/ISH) 
models  are well-known and frequently used in research. In Asian 
countries, the Asian and Chinese Multiple-provincial Cohort Study 
(CMCS) models have been developed in recent years. The main 
differences among these models are the parameters used, which may 
provide different outcomes [25, 26]. It is crucial to choose the most 
appropriate model when one is needed for application to a population 
different from the original population for which it was developed. A 
comparison of different models to adequately predict the outcome of 
CVD interventions in Vietnam will be presented and discussed in 
Chapter 2. 

Adherence measurement

Prediction of the outcomes of different treatment assumes an adequate
adherence to the treatment. As noted above, good adherence seems to 
be crucial for optimal effectiveness of hypertensive treatment to 
prevent CVD. Understanding the factors that influence adherence can 
help to improve the effectiveness of treatment. Measurement of 
adherence and its effects on clinical outcomes can help to quantify the 
real effect of blood pressure treatment interventions. Therefore, the 
following issues are addressed in the next section of this thesis: (1) 
how to measure adherence; (2) how to identify factors affecting 
adherence; (3) which recommendations could be made to improve 
adherence to hypertensive treatment; and (4) what is known about the 
association between adherence and clinical outcomes.

Chapter 1 

 

A range of methods, questionnaires, tools and scales have been 
introduced to measure adherence among patients with chronic diseases
[27]. Besides quantifying the level of adherence, also several reasons 
for non-adherence have been revealed. The different tools can be 
divided into five groups, according to aspects of the adherence they 
focus on: (1) medication-taking behaviours; (2) medication-taking 
behaviours and barriers to adherence; (3) barriers to adherence; (4) 
beliefs associated with adherence; and (5) barriers and beliefs 
associated with adherence. Each method has its own advantages and 
disadvantages in estimating adherence depending on the simplicity of 
collecting data, the reliability of the measurements, over- or 
underestimation of the outcome, and the costs related to the use of the 
method. At present, none of those methods is considered the best way 
to measure adherence. They often can be considered complimentary 
rather than competitive and mutually exclusive. 

Various factors are known to affect adherence. They can be classified 
into seven groups: demographic factors, social factors, cognitive 
factors, interactions between health care providers and patients, health 
care system characteristics, the medication involved, and the general 
health profiles of the patients [28].

Low adherence is more likely to result in uncontrolled high blood 
pressure (HBP) compared to high compliance with medication [29]
and is related to hospitalisation [30] or associated with CVD events 
[23]. A link between a specific level of adherence and occurrence of 
CVD has been demonstrated [23].

Economic evaluation

Economic evaluation can be displayed in two forms: either partial or 
full economic evaluations are considered. Partial evaluation may 
include outcome description, efficacy/effectiveness evaluation, cost 
description, and cost analysis. Full economic evaluation includes cost-



Ch
ap

te
r 1

9

Introduction 

 
 

“assessing cardiovascular risk to Scottish Intercollegiate Guidelines 
Network to assign preventative treatment” (ASSIGN) score, 
systematic coronary risk evaluation (SCORE) score, Prospective 
Cardiovascular Münster (PROCAM) score, QRESEARCH 
cardiovascular risk algorithms, and the World Health 
Organization/International Society of Hypertension (WHO/ISH) 
models  are well-known and frequently used in research. In Asian 
countries, the Asian and Chinese Multiple-provincial Cohort Study 
(CMCS) models have been developed in recent years. The main 
differences among these models are the parameters used, which may 
provide different outcomes [25, 26]. It is crucial to choose the most 
appropriate model when one is needed for application to a population 
different from the original population for which it was developed. A 
comparison of different models to adequately predict the outcome of 
CVD interventions in Vietnam will be presented and discussed in 
Chapter 2. 

Adherence measurement

Prediction of the outcomes of different treatment assumes an adequate
adherence to the treatment. As noted above, good adherence seems to 
be crucial for optimal effectiveness of hypertensive treatment to 
prevent CVD. Understanding the factors that influence adherence can 
help to improve the effectiveness of treatment. Measurement of 
adherence and its effects on clinical outcomes can help to quantify the 
real effect of blood pressure treatment interventions. Therefore, the 
following issues are addressed in the next section of this thesis: (1) 
how to measure adherence; (2) how to identify factors affecting 
adherence; (3) which recommendations could be made to improve 
adherence to hypertensive treatment; and (4) what is known about the 
association between adherence and clinical outcomes.

Chapter 1 

 

A range of methods, questionnaires, tools and scales have been 
introduced to measure adherence among patients with chronic diseases
[27]. Besides quantifying the level of adherence, also several reasons 
for non-adherence have been revealed. The different tools can be 
divided into five groups, according to aspects of the adherence they 
focus on: (1) medication-taking behaviours; (2) medication-taking 
behaviours and barriers to adherence; (3) barriers to adherence; (4) 
beliefs associated with adherence; and (5) barriers and beliefs 
associated with adherence. Each method has its own advantages and 
disadvantages in estimating adherence depending on the simplicity of 
collecting data, the reliability of the measurements, over- or 
underestimation of the outcome, and the costs related to the use of the 
method. At present, none of those methods is considered the best way 
to measure adherence. They often can be considered complimentary 
rather than competitive and mutually exclusive. 

Various factors are known to affect adherence. They can be classified 
into seven groups: demographic factors, social factors, cognitive 
factors, interactions between health care providers and patients, health 
care system characteristics, the medication involved, and the general 
health profiles of the patients [28].

Low adherence is more likely to result in uncontrolled high blood 
pressure (HBP) compared to high compliance with medication [29]
and is related to hospitalisation [30] or associated with CVD events 
[23]. A link between a specific level of adherence and occurrence of 
CVD has been demonstrated [23].

Economic evaluation

Economic evaluation can be displayed in two forms: either partial or 
full economic evaluations are considered. Partial evaluation may 
include outcome description, efficacy/effectiveness evaluation, cost 
description, and cost analysis. Full economic evaluation includes cost-



10

Introduction 

 
 

effectiveness analysis, cost-utility analysis, and cost-benefit analysis. 
Cost-effectiveness analysis and cost utility analysis are applied for an 
assessment of whether a program is worth doing, using references, for 
example, the threshold for cost-effectiveness ratio, a decision on a 
limited budget, or how best to allocate an existing budget.  Cost-utility 
analysis is a specific type of cost-effectiveness analysis which uses 
QALYs as outcome, while cost-effectiveness analysis considers 
clinical effectiveness as endpoint, which may vary, for example, cost 
per case detected, cost per mmHg reduction in hypertensive patients, 
cost per episode-free day, or cost per life-year gained. 

Economic evaluation works in several perspectives, which depends on 
the data available and the preference of policy makers; it may be 
considered from the perspective of the health care system, the patients 
or society. In our context, modelling of cost-effectiveness was 
considered most feasible and appropriate to be performed, talking the 
health care provider perspective, because data limitations hampered 
talking a broader perspective.

Health utilities

The concept of quality-adjusted life years (QALYs), which accounts 
for both quantity and quality of life, has been used widely in cost-
effectiveness analysis. In recent years, several tools and algorithms 
have been developed to measure health-related quality of life 
expressed in utilities. The most common tools are the Quality of Well-
Being Scale, the Health Utilities Index, the EuroQoL EQ-5D and the 
Short-Form 36. Several studies in different populations have shown 
that different tools provide different values [31-33]. So far, there is no 
recommendation on the best instrument to measure health utilities in a 
given situation.

Chapter 1 

 

Main contents of thesis and each chapter

In this thesis, several of the methods described above will be applied 
to answer the research questions, generating information for clinical 
recommendations and policy documents. 

In Chapter 2, an empirical research was conducted to measure the 
prevalence of risk factors for CVD in Vietnam. Data from this survey 
was applied to and compared using three prediction models with the aim 
of identifying the most appropriate model to predict CVD in a rural area 
in Northern Vietnam. In Chapter 3, we used a mixed-methods study with 
qualitative and quantitative data collection to determine levels of 
adherence to treatment and factors influencing adherence among 
hypertensive patients. It is notable that methods for quantifying levels of 
adherence used in many countries are based on prescriptions, while we 
found the issue to be more complex in the Vietnamese context, where 
patients may buy medicines without a prescription.  

In Chapter 4, we conduct a partial economic evaluation to estimate the 
economic burden of CVD for the health care system. In this study, we 
focused on hypertensive patients who require hospitalization. 

Chapter 5 describes the use of SF-36 to provide evidence on health utility 
and its predictors, to quantify the quality of life. SF-36 was chosen because 
it has been used widely in other countries among hypertensive patients. 
Health utilities were derived from the SF-36 by the algorithm produced by 
Brazier et al [34].

In Chapter 6, a decision tree was combined with a Markov model to 
compare the cost-effectiveness of different strategies for screening and 
treatment for hypertension. The model was designed based on findings 
from Chapters 2, 3, 4 and 5 along with other evidence available from 
studies on the Vietnamese population and meta-analysis studies. 
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it has been used widely in other countries among hypertensive patients. 
Health utilities were derived from the SF-36 by the algorithm produced by 
Brazier et al [34].

In Chapter 6, a decision tree was combined with a Markov model to 
compare the cost-effectiveness of different strategies for screening and 
treatment for hypertension. The model was designed based on findings 
from Chapters 2, 3, 4 and 5 along with other evidence available from 
studies on the Vietnamese population and meta-analysis studies. 
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