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Abstract

Background Very few population-based interventions to improve the
mortality reporting systems have been performed in Viet Nam where
mortality information is still limited.
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Methods We performed a training workshop for 80 health officers in
applying Verbal Autopsies (VA) to determine the cause of deaths occur-
ring during 2015-2016 in 30 of 116 communes randomly selected in Ha
Nam province. After a training workshop, an active mortality registra-
tion by household visit using a designed form to collect information of
immediate-, underlying-, and contribute-causes of death was conducted.
Next, a verbal autopsy (VA) was completed for all deceased participants.
Diagnose tests were performed using STATA-10 to calculate the improve-
ments data of mortality due to cardiovascular diseases (CVD) and its
subgroups.

Results

Verbal Autopsy was completed for 2436 of a total of 2441 deaths.
The estimated completion rate was 97%. After the intervention, the
sensitivity, specificity, positive predictive value, and negative predictive
values at 0.93, 0.98, 0.95, and 0.97 respectively were determined. Data
quality was increased by sensitivity by 11%, specificity by 6%; positive
predictive value by 12%, and negative predictive value by 5%; all P value
< 0.05. The estimated Kappa was increased by 17% (from 74% to 92%)
for CVD; P value < 0.05.

Conclusions

A population-based intervention to improve the mortality reporting
systems operated by the Ministry of Health is practical, feasible, and
reliable and should be applied in all 63 provinces/cities in Viet Nam.

1. BACKGROUND

Cardiovascular diseases (CVD) were the leading causes of morbidity and mor-
tality from the last century to date in Viet Nam. During the 1990 decade, the
prevalence of stroke (ICD-10: I60-I69) was estimated at 6 per 1000 in the South
country (1). Stroke (ICD-10: I60-I69) and coronary heart diseases (ICD-10:
I20-I25) were among the 12 leading causes of death in Quang Ninh province
in 2014, North mountain areas, and nationwide in 2008 as confirmed by the
recent VA studies (2, 3). Cardiovascular diseases (CVD, ICD-10: I00-I99) were
also the leading causes of death with an estimated standardized mortality rate
of 114.3 per 100,000 (29.9

Vital Registration (operated by the Justice Ministry of Viet Nam) has ex-
isted for a half-century, however, mortality registration was poorly performed
and health information of population-based causes of deaths is not available to
date (5). To overcome this limitation, a national mortality registration system
(named A6) was established by the Ministry of Health in 1992. The A6 mortal-
ity reporting system is a national mandatory mortality registration conducted
by commune health stations (CHS) throughout the country. For the deaths
which occurred during 2005-2006, a list and the causes of 93,719 deaths was
collected from 10,184 CHS (95%) from 638 districts of 64 provinces/cities and
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examined for cancer mortality patterns in Viet Nam (6). The mortality report-
ing systems have been well established, however, data quality of accuracy and
completeness need evaluation and enhancements.

The completeness of A6 mortality registration has varied between popu-
lations. That was addressed at the nationwide level for the deaths occurred
during 2006-2007 (men 69% and women 54%) (7), and during 2008-2009 (81%,
men and women combined) (3), in 2014 in Quang Ninh province (89%, men and
women combined) (2) and in Nghe An province (97%, men and women com-
bined) (8). The accuracy of A6 mortality registration was also varied between
populations. The estimated sensitivity was relatively low for stroke (ICD-10:
I60-I69) and coronary heart diseases (ICD-10: I20-I25), as much as 67% and
34% respectively (2). CVD sensitivity of 63% was estimated (4, 9). In other
recent studies conducted in Nghe An province (North Central Coast of Viet
Nam), where health care systems were well operated, the data quality of mor-
tality registration for CVD was much better with the estimated sensitivity for
CVD of 87% (8). A progressing quality of mortality information regarding
accuracy and completeness has been seen, however, we need a better and com-
parable database at the nationwide level to construct an action plan and make
health policy based on evidence to improve people health in Viet Nam. An
improvement of the accuracy of the A6 mortality statistics is needed in order
to implement timely policies to respond to the growing burden of CVD in Viet
Nam.

The present study aimed to examine the benefits of a population-based in-
tervention to improve the data quality of accuracy and completeness for all car-
diovascular diseases and subgroups of cerebrovascular diseases (I60-I69), heart
failure (I30-I52), pulmonary heart disease (I26-I28), and coronary heart dis-
eases (I20-I25) that occurred during 2015-2016 in Ha Nam province located in
the Red Delta River, North Viet Nam.

2. METHODS

A population-based intervention was performed in the Ha Nam Province (see
Figure 1). The local health network included 30 CHS that were randomly
selected from the 116 CHS in the province.

A one-day training workshop was organized at a Ha Nam convention cen-
ter in cooperation with the Ministry of Health and the provincial Department
of Preventive Medicine for 80 health officers invited from randomly selected
30 commune health stations, five District Health Centers, and the provincial
Department of Preventive Medicine. Definition of causes of death (underlying
cause of death, immediate cause of death, and contributing cause of death);
ICD-10 coding for all specific causes and 54 main group causes of deaths and the
practice of VA to determine the cause of death during undertaking a household
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visit were included in the content of training workshops (10, 11). The cause
of death and ICD-10 coding was introduced to all participated health officers
for specific causes and group of diseases of bacterial diseases (ICD-10: A00-
A99); Virus and parasitic (B00-B99); Cancer (C00-D48); Blood diseases (D50-
D89); Endocrine (E00-E90); Mental (F00-F99); Nervous (G00-G99); Cardio-
vascular diseases (I00-I99); Respiratory (J00-J99); Digestive (K00-K93); Skin
(L00-L99); Musculoskeletal (M00-M99); Urology (N00-N99); Maternal (O00-
O99); Newborn (P00-P96); Abnormality (Q00-Q99); Symptom (R00-R99); In-
jury and accident (S00-Y89). All causes of deaths were determined, then, the
present study used data of cardiovascular diseases (I00-I99) and its subgroups
in examination and presentation.

The cause and list of all deaths that occurred during 2015-2016 in all 30
selected CHS were routinely obtained from the Ha Nam provincial Department
of Preventive Medicine, before the population-based intervention. Indicators
such as name, age, and sex of the deceased, the date of death, and the cause of
death were obtained and included (The first database). One ID# for further
database merger was created for each case of death in the first database.

After the training workshop, an active mortality registration following the
guideline of the underlying cause of death, the immediate cause of death,
and contributing cause of death was conducted and established in the sec-
ond database for indicators of the name, age, and sex of the deceased, the date
of death and the cause of all deaths during 2015-2016. What was the underly-
ing cause of death?; What was the immediate cause of death? and What was
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the contributing cause of death? were included in the designed form. Dur-
ing household visits, the form was completed by the trained interviewers by a
face-to-face interview. One ID# for further database merger was created for
each case of death in the second database. Finally, VA was completed for all
registered deaths during 2015-2016 across the same communes and district (see
Figure 2). The deceased’s household was visited by the trained interviewers
of commune health workers who participated in the training to administer the
verbal autopsy and complete one of three verbal autopsy questionnaires (0?28
day old child, 29 days to < 5 years old children, and 5 years old onwards).
Cause of death assignment and ICD-10 coding for the VA’s was undertaken
independently by the head of CHS, then by an experienced physician who had
more than 15 years of clinical experience. An underlying cause of death (the
disease or injury which initiated the events directly leading to death) for all
cases was assigned wherever possible. Immediate (the disease, condition, or
complication that occurred closest to the time of death) and contributory (a
condition originated in the underlying cause and terminated in the immediate
cause) causes of death were also assigned. Assigning the cause of death was
enhanced by utilizing a previously developed series of algorithms (4, 9, 10). Fi-
nally, the cause of deaths and ICD-10 codding were checked to avoid all errors
(third database). One ID# for further database merger was created for each
case of death in the third database.

Statistical analysis: To estimate sensitivity, specificity, positive predictive
value, and negative predictive value and Kappa (12) for the first and second
obtained databases for all CVD, the sub-groups of cerebrovascular diseases
(I60-I69), heart failure (I30-I52), pulmonary heart disease (I26-I28), and coro-
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nary heart diseases (I20-I25), the VA was used as the reference group. These
indicators of sensitivity, specificity, positive predictive value, and negative pre-
dictive values were compared between the second and first obtained databases
using a two-sample test of proportions to observe changing values of those in-
dicators indicating the benefits of intervention. Analytically programming was
performed by STATA-10 (13).

The present study, part of the awarded project of ”Evaluating and en-
hancing the national mortality reporting system in Viet Nam” supported by
the Australian Government 2007 funding round, was approved by the Ethical
Committee of Hanoi Medical University on Nov. 25, 2008.

3. Results

712 cases (29.2%) of unknown hospitalization information before the date of
death were among a total of 2441 registered deaths. For the proportion of
cases that received healthcare before the endpoint of diseases, men and women
combined, about 4.1% cases visited district hospitals, 30.7% visited provincial
hospitals, 20.4% of 2441 death cases visited central and specialized hospitals,
and 14.7% cases of having had previously diagnosed suffering from chronic
diseases were reported in Table 1.

Among four sub-groups of CVD, cerebrovascular diseases (ICD-10: I60-I69)
were the leading cause of CVD deaths (responsible for 80% (620/779 cases),
followed by heart failure diseases (9%, 73/779 cases) and coronary heart dis-
eases (5%, 36/779 cases) was also reported. Before the training workshop, a
routine mortality registration (the first database) for 2359 total cases of deaths,
giving the completeness of 96.6% (2359 per 2441 cases) was conducted. The
results of routine mortality registration have successfully registered 619 of 754
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cases of CVD (ICD-10: I00-I99); 17 of 36 cases of coronary heart diseases
(I20-I25), 5 of 13 cases of pulmonary heart disease (I26-I28), 35 of 73 cases of
heart failure diseases (ICD-10: I30-I52), and 463 of 596 cases of cerebrovascular
diseases (ICD-10: I60-I69). After the training workshop, 728 of 779 cases of
CVD (ICD-10: I00-I99) was successfully registered in an advanced mortality
registration; including 35 of 36 cases of coronary heart diseases (I20-I25), 6 of
13 cases of pulmonary heart disease (I26-I28), 66 of 73 cases of heart failure
diseases (ICD-10: I30-I52), and 546 of 620 cases of cerebrovascular diseases
(ICD-10: I60-I69), Table 2.

The estimated sensitivity, specificity, positive predictive value, and negative
predictive value was 0.82, 0.92, 0.83, and 0.92, respectively for the total CVD
(ICD-10: I00-I99); 0.47, 1.00, 0.61, and 0.99, respectively for coronary heart
diseases (I20-I25); 0.38, 0.98, 0.12, and 1.00, respectively for pulmonary heart
disease (I26-I28); 0.48, 1.00, 0.81, and 0.98, respectively for heart failure dis-
eases (ICD-10: I30-I52); and 0.78, 0.94, 0.82, and 0.93, respectively for cere-
brovascular diseases (ICD-10: I60-I69) was reported in Table 3.

For all CVD (ICD-10: I00-I99), data quality was increased in sensitivity by
11% (elevated from 82% to 93%), specificity by 6% (elevated from 92% to
98%); positive predictive value by 12% (elevated from 83% to 95%), and nega-
tive predictive value by 5% (elevated from 92% to 97%); all P value <0.05. For
cerebrovascular diseases (ICD-10: I60-I69), data quality was increased in sen-
sitivity by 10% (elevated from 78% to 88%), specificity by 5% (elevated from
94% to 99%); positive predictive value by 15% (elevated from 82% to 97%),
and negative predictive value by 3% (elevated from 93% to 96%); all P value
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< 0.05. The estimated sensitivity was increased by 42% (elevated from 48% to
90%) for heart failure diseases (ICD-10: I30-I52); by 8% (elevated from 38% to
46%) for pulmonary heart disease (I26-I28); and by 50% (elevated from 47%
to 97%) for coronary heart diseases (I20-I25), Table 3.

For Kappa estimation, after the training workshop, the estimated Kappa was
increased from 74% to 92% for all CVD (ICD-10: I00-I99), from 63% to 90%
for cerebrovascular diseases (ICD-10: I60-I69), from 59% to 86% for heart
failure diseases (ICD-10: I30-I52), from 17% to 43% for pulmonary heart disease
(I26-I28), and from 52% to 90% for coronary heart diseases (I20-I25). These
elevations of Kappa estimation were significant; all P value <0.05, Table 4.

4. Discussion

The estimated sensitivities of databases for total CVD for both before (rou-
tine mortality registration) and after the intervention were ranked between
82% and 93%. That is, the quality of mortality registration systems operated
by the Ministry of Health for cardiovascular diseases were very good (routine
mortality registration) and were considered excellent (after the completed inter-
vention) with a relatively large sample size of a total of 2441 registered deaths.
In addition, among four sub-groups of CVD, a pattern that the cerebrovascu-
lar diseases were the leading cause of CVD deaths, followed by heart failure
diseases, and coronary heart diseases was shown in the findings.

For the quality of data, the present findings are constant with the previous
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results of the completed intervention in Nghe An province for 1581 registered
deaths that occurred in 2014. Consequently, for CVD, the significant improve-
ment of specificity, positive predictive value, and negative predictive are re-
ported (8). However, an improvement of sensitivity following the completed
population-based intervention is not detected in the previous study, possibly
due to the smaller sample size when compared to the present study (2441 ver-
sus 1581) and the omission of a standardized form for household visits when
collecting data information from next of kin of deceased participants in devel-
oping the second database (8). Regarding completeness of data, an excellent
estimation of 97% that is consistent with the study using VA conducted in
Bavi mountain district of Hanoi city in 1999-2000 (81%) (14), a study in three
provinces represented three regions of Viet Nam in 2008-2009 (94%) (4, 9), a
national VA study in 2009 (81%) (3), and the study in Quang Ninh and Thais
Nguyen provinces in 2014 (89%) (2) and Nghe An Province in 2014 (97%) (8)
is observed in the present findings. A relatively low percentage of completeness
(69% in men and 54% in women) in the first national VA study conducted for
deaths occurred in 2006-2017 is seen, possibly because deaths were registered
by the other systems of the 1999 population census (7), when compared to the
present study.

The A6 mortality reporting systems were created in 1992 and have been con-
ducted in all 10,769 Commune Health Stations within 761 district Health Cen-
ters of 64 provinces/cities nationwide in 2007 (6, 15). From 2005, annual mor-
tality registration is collected by the Ministry of Health and data have been
published annually for the deaths that occurred from 2005 to date, focusing on
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injury mortality nationwide (16). The present population-based intervention
was timely and significant achievements were obtained, because the systems
have been well organized in Viet Nam.

That a national database of CVD and all other causes of death will be soon
available for multipurpose usage by macro-policy makers based on evidence
to social action against CVD, cancer, injury by effective primary prevention
is predicted. To determine the cause of death and to develop a database of
mortality for health planning, priority setting, monitoring, and evaluation in
countries with incomplete or no vital registration system it is recommended
to utilize verbal autopsy (17). Vital registration systems are expensive to set
up and require close collaboration between the Ministry of Health and sectors
responsible for the registration of persons, immigration, and the judiciary. The
A6 mortality reporting system is the leading mortality reporting system for the
Ministry of Health in Viet Nam and it is evaluated for being an excellent data
source for three leading causes of cardiovascular diseases, cancer, and injury (2-
4, 8, 9, 14). The present approach of using VA to address the significant benefits
of population-based intervention is performed to strengthen the A6 mortality
reporting system, which focused on CVD in the participated population in
Northern Viet Nam and is being recommended for application for national use
in Viet Nam as soon as possible.

Cardiovascular diseases have been reported as the leading causes of deaths in
Viet Nam, of which cerebrovascular diseases were responsible for about 4 in 5
deaths (2, 4). The proportion of current premature deaths under the age of 70
years old was determined at about 54% in men and 30% in women, according
to the WHO estimation for Viet Nam (18). The four preventable groups of
risk factors of CVD have been recognized and include tobacco smoking, un-
healthy diet, physical inactivity, and harmful use of alcohol. These risk factors
should be controlled by active campaigns for primary prevention by both poli-
cymakers and the public (18). The observed pattern of CVD in Viet Nam was
different when compared to a global level. Furthermore, the leading CVD mor-
bidity and mortality causes in developed countries, for both men and women,
were reported as coronary heart diseases (I20-I25), about 46% and 38% respec-
tively (17). However, this group of coronary heart diseases was ranked as the
third most common in the present study and other studies in Viet Nam (2,
3). Cerebrovascular diseases (I60-I69) were determined as the leading causes
of CVD death that have been reviewed as being caused by hypertension, to-
bacco smoking, family history, and diabetes mellitus (17). By management
and controlling for hypertension in communities from 2007 to 2010, the risk of
deaths from cerebrovascular diseases was significantly decreased in the inter-
vention communes with the estimated mortality rates ratio 0.64, 95% confident
interval 0.43, 0.96, P value 0.03 (19). These initial findings could be applied
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nationally. Our present findings would be useful for further control of CVD
and other non-communicable diseases (NCDs).

Validation of data accuracy and completeness has been conducted routinely
in performing model observational research and study to control for NCDs by
risk identifying and risk management (20, 21). An association between these
malignancy diseases with exposure to meat mutagens intake has been shown
in previous prospective cohort studies, with an estimated sensitivity of 96%
of registered colorectal cancers (22). More population-based intervention to
improve the sensitivity of mortality registration systems should be strongly
recommended.

Limitations have been considered in the present study, as there exists no
available morbidity database to link with the mortality database to analyze the
survival of diseases, especially for cancer and other non-communicable diseases.
Another limitation is found when considering that about 29% of all registered
deaths have no information of intensive care before the date of death. Due to
a lack of information from health care facilities, the cause of death might be
misunderstood between the underlying-, immediate-, and contributing causes.

5. Conclusions

Data quality for total CVD and its sub-groups of coronary heart diseases (I20-
I25), pulmonary heart disease (I26-I28), heart failure (I30-I52), and cerebrovas-
cular diseases (I60-I69), was significantly improved after the intervention, which
would be applicable in a national setting to enhance mortality data for identi-
fying and planning preventive strategies to target the leading causes of deaths
due to CVD in Viet Nam.
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