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Abstract
Between 2020 and 2021, stakeholders implemented a multi-faceted community-based intervention in response to 
the escalating issue of uncontrolled hypertension in Hung Yen province, Vietnam. This initiative integrated expanded 
community health worker services, home blood pressure self-monitoring, and a unique “storytelling intervention” 
into routine clinical care. From the limited societal perspective, our study evaluates the cost-effectiveness of this 
intervention using a Markov model with a 1 year cycle over a lifetime horizon. The analysis, based on a cohort of 671 
patients, reveals a lifetime incremental cost of approximately VND 90.37 million (USD 3,930) per Quality Adjusted 
Life Year (QALY) gained. With a willingness to pay at 3 times GDP (VND 259.2 million per QALY), the intervention 
proves cost-effective 80% of the time. This research underscores the potential of the community-based approach to 
effectively control hypertension, offering valuable insights into its broader implications for public health.

Keywords: Community-based intervention; Hypertension; Cost-utility; Cost-effective; Storytelling; Vietnam

INTRODUCTION
Cardiovascular Disease (CVD) is the leading cause of death 
in Vietnam, accounting for 33.18% of all deaths in 2017 [1]. 
Major risk factors for CVD, including hypertension, diabetes, 
unhealthy dietary practices, and overweight/obesity are either 
on the rise or at alarming levels in Vietnam [2-4]. National data 
show a High Prevalence of Hypertension (HTN) in communities 
throughout Vietnam and the general population consumes 
high levels of sodium in their diet [4].

With the desire to control hypertension in Vietnam, the 
program “Conquering Hypertension in Vietnam: Solutions 
from Grassroots Health” was developed [5]. Between 2020 
and 2021, a cluster randomized controlled trial (RCT) of 
a community-based intervention included three carefully 
selected enhancements integrated into routine clinical care:

1. Expanded community health worker services, 

2. Home blood pressure self-monitoring, and 

3. A “storytelling intervention” was conducted in Hung Yen 
province, Vietnam.

In 16 communities, 671 adult men and women with 
uncontrolled hypertension were randomly allocated to 
either an intervention or a comparison group to evaluate the 
effectiveness of the multi-faceted intervention on the control 
of elevated blood pressure [5].

In parallel with the evaluation of the effectiveness of the 
hypertension control model in the community, the cost-
effectiveness of the model was assessed for purposes of 
providing information to policymakers for the possible 
nationwide dissemination of the multi-component intervention 
program. The objectives of the present study were to carry out a 
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cost-utility analysis of this community-based intervention with 
quality adjusted life years being the principal study outcome. 

METHODS
A Markov model with a 1 year cycle length throughout a 
lifetime horizon was developed to measure the incremental 
cost-utility of the community-based intervention [6]. In 
the Markov model, patients start at age of 50 in their initial 
hypertension state. Patients can remain in this state or move 
to either the development of an acute cardiovascular event 
or death. The cardiovascular (CVD) events included the 
development of either a myocardial infarction (ICD-10 code 
I21) or a cerebrovascular disease (ICD-10 codes I60 to I66). At 
the end of each cycle in the acute CVD state, patients can move 
to either stable CVD or death, or may experience recurrent CVD 
events and then stay in the same state. In the stable CVD state, 
patients can experience death or stay in the same health state, 
or they may have a recurrence of CVD and move to acute CVD. 
Figure 1 illustrates the complete model.

Hypertension

Acute CVD

Death

Stable CVD 
M 

Figure 1: Different health states in the Markov model

Cardiovascular Disease (CVD)
Patients start in the initial hypertension state. Patients can 
remain in this state or move to either acute CVD or death. From 
the acute CVD state, patients can move to stable CVD or death 
state, or may experience recurrent CVD events. From the stable 
CVD state, patients may stay in the same health state, or they 
may have a recurrence of CVD or can move to death.

Transition Probabilities
In the community-based randomized controlled trial, 671 
patients with uncontrolled hypertension were randomly 

allocated to either intervention or comparison group status 
[5]. Changes in Blood Pressure (BP) and data on age, sex, and 
smoking status were collected in both groups 12 months after 
trial enrollment. A cardiovascular risk prediction tool designed 
for the Asian population was employed to predict the annual 
acute CVD risk for this patient population [7].

The likelihood of recurrent CVD events in patients at the 
conclusion of their acute or stable state of CVD was anticipated 
to be higher than in individuals without a history of CVD. 
However, due to the absence of an appropriate equation or 
data to estimate this probability for these individuals, it was 
assumed that the annual transition probability for patients 
with a history of CVD was the same as for those without CVD, 
since they were of the same age and sex.

Data from the Vietnam life table 2016 were utilized to quantify 
the transition probability from any health state to the risk of 
dying from any cause, assumed to be the same as the transition 
probability of hypertensive patients to death [8]. The mortality 
rate escalation in patients in varying states of CVD was gathered 
from a prior study conducted in Vietnam [9].

Costs
Costs were evaluated from the limited societal perspective 
[10]. Parameters related to intervention costs were collected 
from the RCT [5]. The intervention costs encompassed design, 
implementation, and monitoring and evaluation expenses. The 
overall cost of intervention per patient is Vietnam Dong (VND) 
4 million annually, corresponding to 174 US $. If the multi-
component intervention was to be implemented on a national 
scale, the design, monitoring, and evaluation costs can be 
eliminated and only the cost of implementing the intervention, 
about VND 430 thousand/person/year (19 US $), should be 
considered.

Data on treatment costs for patients with hypertension, 
acute CVD, and stable CVD were collected from a database 
of 6 Vietnamese hospitals, including one central hospital in 
Hanoi, and one provincial hospital, 4 district hospitals in Hung 
Yen province for patients with the relevant ICD codes. The 
dataset comprised a total of 15,533 outpatient records and 
2,553 inpatient records. In addition to the medical costs, non-
medical costs and frequency of treatment were also collected 
from interviews of 178 patients who were receiving treatment 
at those hospitals. All costs were standardized to the value for 
the year 2021. The discount rate for costs was 3% in the base 
case. Details are provided in Table 1.

Table 1: Input parameters

Variables Distribution Mean Unit Standard error Source
SBP of men in the intervention group Normal 147 mmHg 1.102 RCT [5]

SBP of women in the intervention group Normal 141 mmHg 1.042 RCT [5]

Smoking rate among men in the intervention group Beta 0.228 - 0.023 RCT [5]

Smoking rate among women in the intervention group Beta 0.006 - 0.001 RCT [5]

SBP of men in the control group Normal 154 mmHg 1.673 RCT [5]

SBP of women in the control group Normal 159 mmHg 1.558 RCT [5]

Smoking rate among men in the control group Beta 0.145 - 0.015 RCT [5]

Smoking rate among women in the control group Fixed 0 - 0 RCT [5]

Mortality rate from CVD among men Beta 0.003 - 0.001 Minh et al. 2006 [9]
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Health Utilities
Quality of life (utilities) for hypertensive, acute CVD, and stable 
CVD cases were applied in the model. These data were also 
collected from the patient interviews. Health utility of states 
was measured by EQ-5D-5L in Vietnam [11]. The discount rate 
for effects was also 3% in the base case according to published 
guidelines [12, 13].

Analysis 

Cost-effectiveness was assessed through deterministic and 
sensitivity analyses. One-way sensitivity and probabilistic 
sensitivity analyses were carried out to identify the key 
parameters influencing cost-effectiveness outcomes and to 
quantify the overall uncertainty associated with the results 
across all input parameters [14]. For the one-way sensitivity 
analysis, a single parameter was varied between a low to high 

range based on the 95% confidence interval of the parameter 
estimate where available.

With regards to the probabilistic sensitivity analysis, the 
Incremental Cost-effectiveness Ratio (ICER) was repeatedly 
calculated 10,000 times by simultaneously varying the values 
of all input parameters based on probability distributions [15]. 
Results are presented on a cost-effectiveness plane and an 
acceptability curve. The cost-effectiveness threshold of 3 GDP 
per QALY gained in 2021 (VND 259.2 million ~ USD 11,269) will 
be used as recommended by the World Health Organization 
[16,17].

Ethical Statement
This randomized trial was approved by the Institutional Review 
Board at the Health Strategy and Policy Institute (HSPI) in Hanoi, 
Vietnam (Decision 171/QD-CLCSYT on September 10, 2019). 

Mortality rate from CVD among women Beta 0.002 - 0 Minh et al. 2006 [9]

Intervention costs-Design-1 year Gamma 335,294 VND 67,059 RCT [5]

Intervention costs-Implementation-1 year Gamma 426,471 VND 85,294 RCT [5]

Intervention costs-monitoring and evaluation-1 year Gamma 3,238,235 VND 647,647 RCT [5]

Cost of acute CVD treatment at central level per 
admission Gamma 51,652,576 VND 9,879,613 Hospital database

Cost of acute CVD treatment at provincial level per 
admission Gamma 9,623,739 VND 448,833 Hospital database

Cost of acute CVD treatment at district level per 
admission Gamma 1,725,492 VND 113,419 Hospital database

Cost of stable CVD treatment at central level per visit Gamma 785,000 VND 343,566 Hospital database

Cost of stable CVD treatment at provincial level per 
visit Gamma 562,580 VND 2,679 Hospital database

Cost of hypertension treatment at provincial level per 
visit Gamma 475,225 VND 4,601 Hospital database

Cost of hypertension treatment at district level per visit Gamma 316,417 VND 1,906 Hospital database

Travel expenses per inpatient admission Gamma 1,047,979 VND 225,224 Patient interview

Travel expenses per outpatient visit Gamma 46,477 VND 11,653 Patient interview

Cost of meals per inpatient admission Gamma 635,947 VND 44,933 Patient interview

Cost of meals per outpatient visit Gamma 6,898 VND 1,220 Patient interview

Other costs per inpatient admission Gamma 454,905 VND 108,018 Patient interview

Other costs per outpatient visit Gamma 75,880 VND 15,638 Patient interview

Frequency of central inpatient treatment 1 year Normal 1.39 - 0.05 Patient interview

Frequency of inpatient treatment at provincial level 1 
year Normal 1.36 - 0.19 Patient interview

Frequency of inpatient treatment at district level 1 year Normal 0.39 - 0.05 Patient interview

Frequency of central outpatient treatment 1 year Normal 1.7 - 0.29 Patient interview

Frequency of outpatient treatment at provincial level 
1 year Normal 5.86 - 0.39 Patient interview

Frequency of outpatient treatment at district level 1 
year Normal 7.5 - 0.36 Patient interview

Utility in male hypertensive patients Beta 0.84 - 0.05 Patient interview

Utility in female hypertensive patients Beta 0.64 - 0.04 Patient interview

Utility in male stable CVD patients Beta 0.73 - 0.06 Patient interview

Utility in female stable CVD patients Beta 0.64 - 0.06 Patient interview

Utility in male acute CVD patients Beta 0.43 - 0.08 Patient interview

Utility in female acute CVD patients Beta 0.47 - 0.07 Patient interview

Effect discount rate Fixed 3% - - Guidelines [12,13]

Cost discount rate Fixed 3% - - Guidelines [12,13]
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Written informed consent was obtained from all patients. This 
trial was registered at ClinicalTrials.gov (Registration number: 
NCT03590691, registration date May 31, 2018).

RESULTS
The results pertaining to the number of QALYs gained, 
incremental costs, and incremental cost-effectiveness ratios for 
the full-time horizon model are presented in Table 2. Applying 
a discount rate of 3% for both cost and effectiveness, the total 
cost was VND 260.38 million for the intervention group and 
VND 258.48 million for the control group. The intervention 
group exhibited higher effectiveness compared to the control 
group, showing an increased life year of 0.02 and an increased 
QALY of 0.05. Consequently, the ICER was calculated as 90.37 
million VND per Life Year (LY) and 35.14 million VND per QALY. 
Importantly, this incremental cost per QALY gained remains 
well below the threshold of 1 GDP per capita of Vietnam in 
2021, which is USD 3,756, equivalent to nearly VND 86.4 
million; Representing a cost-effective intervention.

Sensitivity Analysis
The univariate sensitivity analysis demonstrated that the 
parameter group of treatment frequency exerted the most 
significant influence on the present results. In particular, the 
frequency of inpatient treatment at the central hospital level 
emerged as the most impactful parameter; as this frequency 
increased, there was a potential for cost savings of VND 10 
billion per QALY in the intervention. The frequencies of inpatient 
treatment at the provincial level and outpatient treatment at 
the central level demonstrated a similar impact but of a lower 
magnitude. On the other hand, an increase in the frequency 
of outpatient treatment at the district level resulted in a slight 
increase in the ICER per QALY. Following the beneficial impact 
of the parameter of treatment frequency, was the parameter 
group on the effectiveness of the intervention such as the 
SBP index and the utility in female hypertensive patients, but 
their magnitudes were not significant on the principal study 
outcome (Figure 2).

Figure 2: Tornado diagram for univariate sensitivity analysis

Note: 

f_inpt_cent: Frequency of central inpatient treatment 1 year; 

f_inpt_prov: Frequency of inpatient treatment at provincial 
level 1 year; 

f_outpt_cent: Frequency of central outpatient treatment 1 
year; 

f_outpt_dist: Frequency of outpatient treatment at district 
level 1 year; 

f_inpt_dist: Frequency of inpatient treatment at district level 
1 year; 

sbp_com_f: systolic blood pressure (SBP) of women in the 
control group; 

u_hpt_f: Utility in female hypertensive patients; 

sbp_com_m: SBP of men in the control group.

The results of the probability sensitivity analysis of 10,000 
simulations are presented in Figure 3, with the blue circles 
representing the resulting ICERs. The green line represents the 
willingness to pay 1 GDP while the orange line represents the 
willingness to pay 3 GDP. The main part of the “cloud” remains 
to the right of the 1-3 GDP thresholds and suggests that the 
intervention has a high probability to be cost-effective.

Figure 3: Probabilistic analysis: Incremental Costs vs. Incremental 
QALYs

Notes: QALYs: Quality-adjusted life years; 1 Gross Domestic 
Product (GDP) per capita in 2021; VND 86.4 million (USD 
3,756); 3 GDP: VND 259.2 million.

Analysis of the willingness to pay threshold shows that if the 
threshold of willingness to pay would be below VND 35 million, 
the intervention had a lower probability to be cost-effective, 
below 50%, compared to the control group. However, at the 
willingness to pay of 1 GDP in 2021, USD 3,756 equivalent 
to about VND 86.4 million, the cost-effective rate increased 
to 70%. This rate would increase to more than 80% when 
the willingness to pay was at 3 GDP per capita, equivalent to 
approximately VND 259.2 million (Figure 4).
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Figure 4: Acceptability curve

Notes: 1 Gross Domestic Product (GDP) per capita in 2021: 
VND 86.4 million (USD 3,756); 3 GDP: VND 259.2 million

DISCUSSION
We performed a cost-effectiveness analysis of an intervention 
model to control elevated BP findings among adults with 
hypertension in the community, including training for village 
health workers to enhance the ability of patients to change 
their lifestyle habits and self-monitoring of their BP. The 
deterministic analysis showed that the intervention increased 
VND 90.37 million per LY gained and VND 35.14 million per 
QALY gained. This incremental cost per QALY is below the 
threshold of 1 GDP per capita and, after use of a probabilistic 
analysis, the intervention results in a cost-effectiveness ratio of 
more than 80% at the threshold of 3 GDP per capita.

Since the intervention model was designed according to the 
local context, it is difficult to compare the present results 
with other cost-effectiveness studies. However, a systematic 
review that was published in 2017 of the economic evidence 
for hypertension interventions in the community concluded 
that most studies were cost-effective or cost-saving [18]. This 
review included 34 published articles (16 from the US and 
18 from other countries) that examined the impact of 25 
educational interventions, 3 BP self-monitoring interventions, 
and 6 screening interventions. The incremental costs for a 1 
mmHg decrease in systolic blood pressure averaged USD 62 
(range 40-114) and USD 13,986 (range 6,683-58,610) for an 
additional year of life.

STUDY STRENGTHS AND LIMITATIONS
We selected the simplest Markov model for grouping 
cardiovascular complications into acute CVD and stable 
CVD states for purposes of evaluating the effectiveness of 
interventions to control hypertension in the community; 
Assessment of the effectiveness of treating the complications 
associated with CVD was not examined. However, this approach 
also reduced the complexity of the model when reducing the 
model’s calculation errors and reducing the burden of collecting 
transitional probability parameters, treatment related costs, 
and treatment effectiveness.

Moreover, in addressing concerns regarding the cost data 
gathered amidst the Covid-19 pandemic, sensitivity analysis 
was conducted. The findings indicate that the parameter of 

outpatient treatment frequency at the district level slightly 
influences the Incremental Cost-Effectiveness Ratio (ICER) per 
Quality Adjusted Life Year (QALY). This observation would be 
attributed to the intervention’s ability to modify the disease 
state, decrease the probability of cardiovascular disease-
related complications, and enhance the proportion of patients’ 
effectively managing hypertension through outpatient 
treatment at the district level.

The study used a cardiovascular risk prediction tool for Asian 
population to extrapolate the effectiveness of the intervention 
to the reduced number of complications and the final outputs 
were the number of life years and QALY gained [7]. The risk 
prediction tool was considered the most suitable for use 
with relatively simple input variable requirements including 
systolic blood pressure index, age, sex, total cholesterol data 
and smoking status. However, total cholesterol data were 
not available in our study for factoring into the calculation. 
We expected that the total cholesterol index would exhibit 
positive changes in the intervention group and this limitation 
would not affect the conclusions of this study. In the absence 
of the cholesterol index, estimate of the intervention’s cost-
effectiveness can be considered as conservative.

CONCLUSION
The multi-faceted community-based intervention would have 
a high probability to be cost-effective for hypertensive patients 
over longer time duration and to be disseminated on a national 
basis. As is often the case in public health studies, preventive 
interventions need several years for both the actual intervention 
and its effect on long-term outcomes to be examined. Ability 
to follow the intervention over many years and patient follow-
up also allow the interventions to be tailored with greater 
probability of effectiveness as well as compliance.

Glossary and Abbreviations
Markov Model: A mathematical model used to analyze the 
transition of individuals between different health states over 
time.

ICD-10: International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision; A medical classification 
list by the World Health Organization (WHO).

CVD: Cardiovascular Disease; a class of diseases that involve 
the heart or blood vessels, including myocardial infarction 
(heart attack) and cerebrovascular disease (stroke).

BP: Blood Pressure; the pressure of circulating blood against 
the walls of blood vessels.

VND: Vietnamese Dong; the currency of Vietnam.

USD: United States Dollar; the currency of the United States.

EQ-5D-5L: Euro Qol Five-Dimension Five-Level; a standardized 
instrument for measuring health-related quality of life.

GDP: Gross Domestic Product; a monetary measure of the 
market value of all final goods and services produced in a 
period by a country.

QALY: Quality-Adjusted Life Year; a measure of disease burden, 
including both the quality and the quantity of life lived.
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