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ABSTRACT

In this thesis, appropriate statistical methods were described to compare mortality

between populations. The thesis comprises three parts.

The first part aimed to compare 21 cause-specific deaths in Thailand in 2005 and
Japan in 2006. The second part aimed to compare stroke death rates in Suphan Buri
with Bangkok in 2005. Deaths from the Thai death registration (DR) database were
adjusted for misclassified cause of death using logistic regression based on the verbal
autopsy (VA) data. Age-standardization was used to adjust for population differences
in gender and age group. The third part aimed to summarize methods for adjusting

misclassification causes of deaths in the DR data.

In the first part, a useful doughnut plots was used to display 21 cause-specific excess
deaths by gender. In Thailand, there were cause-specific excess deaths for transport
accident for males, endocrine for females, infectious diseases, stroke, and liver cancer.
In contrast, there were cause-specific excess deaths for suicide and other digestive
cancer for Japan. The more cause-specific excess deaths in Thailand impose a
significant public health burden that demands attention and action by health policy

makers.
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In the second part, the high excess death of stroke from part 1 was further
investigated. A Poisson regression model was used to compare stroke death rates after
adjusting for demographic factors. The model provides a good fit to the data. The
stroke death rate in Suphan Buri was statistically significant higher than Bangkok.
The rates were higher for males than for females in all age groups under 80 years.
Increasing efforts in health care and stroke prevention should target suburban areas.
The statistical methods used in this study can be applied to other regions for

comparing a cause-specific mortality between populations.

In the third part, causes of deaths in Thailand are misreported because about 40% of
deaths have been recorded as ill-defined. This study aims to offer statistical methods
to correct misreported multinomial outcome. The methods involve analysis of verbal
autopsy (VA) data. Since the outcome is a nominal variable with 21 levels, the
appropriate model for systematic analysis of death by ICD-10 code is multinomial
regression. However, it is simpler and more informative to separately fit logistic
regression models to the 21 outcome cause groups, and then rescale the results to
ensure that the total number of estimated deaths for each group match those reported
in the corresponding populations. This method also gives confidence intervals for
percentages of deaths in cause groups for levels of each risk factor adjusted for other
risk factors. These confidence intervals are compared with bar charts of sample
percentages to assess evidence of confounding bias. Area plots are used to show
results by gender, age group and year. The methods were illustrated using stroke

deaths.
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CHAPTER 1

Introduction

The differences in life expectancy between countries are well known. What are the
implications of people in developing countries dying earlier than those in developed

countries? And what are the causes of deaths that account for this difference?

This study compared 21 cause-specific deaths in Thailand in 2005 and Japan in 2006
which was adjusted for misclassified cause of death using 2005 verbal autopsy (VA)
data. Appropriate statistical methods were used to compare stroke death rates in
Suphan Buri with Bangkok in 2005. We also summarize methods for correcting
misclassified cause of deaths in a multinomial outcome and the methods were

illustrated using stroke deaths data.

This chapter presents overall background, Thai mortality and 2005 VA data and Japan
data. Literatures were summarized on statistical methods for comparing mortality
between populations and for correcting misclassified cause of deaths. A roadmap of

the present study is also provided.

1.1 Background

Estimating overall mortality and why people have died are essential for monitoring
health and planning appropriate health services. Mortality statistics reflect how
various diseases and injuries are affecting the living. Having cause-specific mortality
help health authorities determine whether they are focusing on the right kind of public

health actions.



Developed countries have systems in place for assessing causes of death in the
population and their mortality statistics are available. Most developing countries do
not have such systems. Although some countries including Thailand have such
systems, causes of deaths are often misclassified (Mathers et al., 2005). Therefore,
numbers of deaths from specific causes have to be estimated from incomplete data.
VA is widely used to verify cause of deaths (Setel et al., 2005; Ngo et al., 2010; Rao

et al., 2010) in order to get more accurate causes.

The gap of life expectancy between developed and developing countries are well
known. Japan is one of the developed countries. In 2011, Japan had life expectancy at
birth of 79 years for males and 86 years for females whereas in Thailand life
expectancy at birth was 71 years for males and 77 years for females (WHO, 2013).
The difference in life expectancy between these two countries corresponds to males
and females in Thailand dying 8 and 9 years earlier, than those in Japan. It is
important to understand why this is so. Moreover, comparison of cause-specific
deaths to those developed countries is crucial for improving health and reducing

preventable deaths in developing world.

Stroke is a preventable and the leading cause of death among males (9.4%) and
females (11.3%) in Thailand in 2005 (Rao et al., 2010). There is also a variation of
stroke deaths between five regions of Thailand with highest prevalence in the central
region (2.4%), followed by the southern (2.3%), northern (1.5%), and north-eastern
(1.1%) (Suwanwela, 2014). The central region of Thailand comprises of 11 provinces.
Of these, Suphan Buri and Bangkok were sampled in the 2005 VA survey (Rao et al.,

2010).



Standardized mortality ratios (SMR) are widely used to compare all-cause and cause-
specific deaths including stroke between and within population (Fukuda et al., 2004;
Torrey and Haub, 2004; Famnuayphol et al., 2008). However, these studies did not
compare deaths based on the statistical model. In this study, we used appropriate

statistical methods for comparing cause-specific deaths between populations.

Comparison of cause-specific deaths between countries requires good quality data.
This study offers methods for correcting multinomial outcome data (21 cause groups)
with application to stroke mortality in Thailand. The methods involve analysis of
2005 VA sample. Since the outcome is nominal variable with 21 levels, the
appropriate model for systematic analysis of death by ICD-10 code is multinomial
regression. However, it is simpler and more informative to separately fit logistic
regression models to the 21 outcome cause groups, and then rescale the results to
ensure that the total numbers of estimated deaths for each group match those reported

in the corresponding populations.

1.2 Literature review

1.2.1 Thai mortality registration data

Mortality data is one of the most important health indicators for measuring country’s
health and development. Mortality data are used for identifying and monitoring health
program, and also used to measure and compare mortality rates between and within

populations.

In Thailand, the most important source of mortality data is vital registration (VR)

system, which was initiated in 1916. Civil registration law mandates that every vital



event (births and deaths) be registered at the offices of the district or municipality
registrars, which are under the Interior Ministry. According to this law, deaths must
be registered within 24 hours. The registration process for deaths is not
straightforward because two steps are involved: (i) notifying and authorized person
about the death, and (ii) validating and registering the death (Prasartkul and
Vapattanawong, 2006). After both registration steps are completed, the name of the
deceased is deleted from the household roster and the details concerning the deaths
are entered into the registration system. Before the end of each year the Interior
Ministry counts the births, deaths and total population and makes the figures publicly

available (Vapattanawong and Prasartkul, 2011).

However, mortality data are often poor in developing countries because of inadequate
death registration (DR) (Huong et al., 2006; Rukumnuaykit, 2006). Recently mortality
statistics in Thailand were classified as low quality with over 30% of deaths
unregistered and about 40% of deaths remained attributed to ill-defined cause
(Mathers et al., 2005; Fottrell and Byass, 2010). The high ill-defined rate is usually
found in rural areas where physicians are not available to identify the cause of death.
Therefore, VA is an important method to verify cause of death (Fottrell and Byass,

2010; Setel et al., 2006).

1.2.2 Verbal Autopsy study

Verbal autopsy (VA) studies are widely used throughout the developing world to
estimate cause-specific death. The VA method gave more precise cause of death than

those reported in the DR (King and Lu, 2008). The VA data set can be used to inform



the implementation of VA to more reliably verify cause of death in national health

information systems (Rao et al., 2010).

The standard VA study and medical records review procedures were used to verify
registered causes. They have been successfully applied in China and Iran (Rao et al.,
2005; Ngo et al., 2010). In Thailand, the latest VA has been conducted in 2005
(Choprapawon et al., 2005; Pattaraarchachai et al., 2010; Polprasert et al., 2010;
Porapakkham et al., 2010; Rao et al., 2010). Mortality based on the 2005 VA study
has been published. The five leading causes of death among males are stroke,
transport accident, HIVV/AIDS, ischemic heart diseases, and chronic obstructive lung
diseases. Among females, leading causes of death are stroke, diabetes, ischemic heart

diseases, HIV/AIDS, and renal diseases (Rao et al., 2010).

1.2.3 Japan mortality data

Japan mortality data in 2006 were available from the World Health Organization,
which is includes details of deaths registered by Japan civil registration (VR) (WHO,
2011). Cause of death in Japan data was classified as high quality with less than 4%
of deaths are ill-defined (Carmichael, 2011) and cause of death for years 1950-2000

has 97% coverage whereas coverage for Thai data is 89% (Mathers et al., 2005).

1.2.4 Principal methods for mortality comparison

The total number of deaths is a useful measure for quantifying the burden of disease
in a population. However, the absolute number of deaths is less useful for comparison
between populations because of population size. Larger population group tends to

generate more deaths than smaller group (Robson et al., 2007). Consequently, to



compare deaths among group, the number of deaths must be related to the “population

at risk” of dying to calculate death rates (Curtin and Klein, 1995).

The crude death rate (CDR) is a summary measure, defined as the total number of
deaths divided by the total midyear population and often expressed per 100,000
populations. Although it does relate the number of deaths to the population,
comparison of crude death rate would be misleading since this rate does not take into
account the age distribution of the population. As such, it is not appropriate measure
for comparing differences between populations. Because the risk of dying is much
higher in older than younger ages, populations with a higher proportion of older age
group tend to generate higher crude death rate than younger populations (Anderson

and Rosenberg, 1998).

The age-specific death rate (ASDR) can be used as an alternative to CDR. The most
reliable method of comparing death rate between populations is to compare individual
ASDR for each age group. However, this method mostly requires a large number of
comparisons (Curtin and Klein, 1995). Therefore, age-standardization is a method that
controls for the population age distribution, and make meaningful comparison

between populations.
Age-standardization

Age-standardization is a method used to depict the health of populations and
essentially to establish rates for comparison purposes (Li et al., 2008; Julious et al.,
2001). It aims to control for variation in age distribution. It is classified into direct and
indirect approaches that controls for variation in age distributions. Direct age-

standardization is a method that ASDRs from study population are applied to a



standard population distribution. The resultant summary index is call age-standardized
death rate. Indirect age-standardization is frequently used in several comparison
studies between populations (Chah et al., 2014; Fukuda et al., 2003; Torrey and Haub,
2004; Famnuayphol et al., 2008). This method uses population with lower mortality
rate as a standard population. A standard set of ASDRs are applied to the study
population providing an “expected” number of deaths in a study population. The
index most frequently used is the standardized mortality ratio (SMR), which is the

ratio of the observed to the expected number of deaths.

To use the age-standardization requires a “standard population” which is a set of
arbitrary population weights. There is closely no conceptual justification for choosing
one standard over another. The standard population should be chosen depending on
the study population being examined. Generally, the standard population is chosen
from the population with lower age-standardized death rate. Tsai and Wen (1986)
pointed that the choice of selection of standard population is crucial because it may

lead to different conclusions.

Shah et al. (2014) investigated the mortality differences according to marital status
(married, never married (single), divorced and widowed) among men and women in
Kuwait. It was found that married persons have lower mortality than the others status,
so this study used married persons as standard population. Another study compared
mortality in US with Canadian in 1998. The Canadian population was used as a
standard population to adjust for population differences in gender and age group
(Torrey and Haub, 2004). The reason for choosing standard is based on that the life

expectancy of Canadian is longer than US population.



Excess deaths: a mortality comparison

A comparison analysis always provides the result of excess deaths. Savesh et al.
(2013) studied about comparison of mortality trend and pattern between India and
Japan from 1950 to 2010. This study used data from various published studies of
India and Japan. India population has a younger age distribution whereas Japan has
older age distribution. However, this analysis does not take into account the different

in population age distribution. Therefore, it can give biased results (McNamee, 2004).

Studies on excess mortality using indirect age-standardization have been reported
(see, for example, Torrey and Haub, 2004; Satcher et al., 2005; Fukuda et al., 2003;

Faramnuayphol et al., 2008).

Torrey and Haub (2004) compared US and Canadian mortality in 1998. Indirect age-
standardization was used to adjust for population differences in age distribution, by
applying Canadian gender age-specific death rates for all-cause and cause-specific
deaths to the US population. The difference between the observed deaths and the

expected deaths represents the excess deaths in 1998 US population.

Satcher et al. (2005) examined trend in Black-White standardized mortality ratios for
each gender-age group from 1960-2000. The difference between the number of
observed deaths and the expected deaths were calculated to determine the excess
deaths. They found that Black-white gap measured by SMR changed very little
between 1960 and 2000. The estimated excess deaths were higher in Black population

than White.

Fukuda et al. (2003) quantified the geographical variation of mortality in Japan in

1973-1998. This study estimated excess deaths attributable to the variation among



municipalities across Japan. The municipalities were divided into quintiles according
to the SMR. The lowest quintiles as the standard, the number of excess deaths and its

ratio to observed deaths were estimated.

Faramnuayphol et al. (2008) analyzed the geographical variation of mortality in
Thailand. SMR was calculated by dividing the observed number of deaths by the
expected number of deaths for the overall mortality and cause-specific mortality at
district level. Expected number of deaths for each area was calculated from national
age-specific mortality rate and age structure of population in that area. They found
that overall mortality was concentrated in the middle part of upper north. Clustering
of cause-specific in a single region was found for liver cancer (in the upper northeast)

and chronic obstructive pulmonary disease (in upper north).

The principal measures of excess mortality as considered above are the difference
between the observed and the expected deaths or the ratio between the observed and
the expected deaths (SMR) (Peter and Haberman, 1993; Howel, 1995). However,
these analysis methods were not based on the statistical significant test. Many studies
suggested that when using SMR, its precision should be calculated (Breslow and Day,
197s; Court and Cheng, 1995; Howel, 1995). Since this method does not directly
provide 95% confidence interval and p-values therefore an appropriate statistical

model is needed.

1.2.5 Statistical methods

Statistical methods are useful for analyzing mortality data. Linear regression is used
to investigate the associations between continuous outcome and covariates, assuming

independent error terms. However, Mortality data is often involved counts as outcome



variables rather than continuous outcomes. The Poisson regression model is generally
applied to situation in which the outcome variable is count (e.g., number of stroke
deaths in a population) (McCullagh and Nelder, 1989; Venable and Ripley, 2002).
The modeling approaches, based on the theory of generalized linear models, allow us
to build models containing several explanatory variables. The statistical significance
of these variables can be tested and the effect of the interactions between the variables
can be assessed rigorously. Moreover, the results based on the model provide

conclusion of the study.

However, mortality count data are always over dispersed, with the variance greater
than the mean. To accommaodate such over-dispersion, several studies were turned to
over-dispersed Poisson and negative binomial regression models. As a natural
extension of the Poisson distribution, the negative binomial distribution is more

flexible and allows for over-dispersion (Davis and Wu, 2009).

Poisson and negative binomial regression has been applied in several studies. Li et al.
(2008) used Poison model for comparing trends in cancer rates across regions.
Another study conducted in Spain to investigate the burden of deprivation-associated
excess deaths by cause groups in each gender and age-groups, using Poisson model
(Benach et al. (2003). Steward et al. (1999) compared stroke mortality between
ethnic groups. The incident rates adjusted for age and sex for stroke with 95% CI

were calculated using Poisson regression model.

Kaewsompak et al. (2005) used Poisson and Negative binomial model to investigate
relation between the incidence rates in terms of geographical patterns. Lim and

Choonpradub (2007) studied the temporal patterns of death reported from infectious

10



diseases in 14 southern provinces of Thailand based on Poisson regression and

negative binomial regression.

1.2.6 Methods for correcting misclassified cause of deaths

There are several studies for estimating causes of death based on the 2000 VA data
(Rao et al., 2010; Pattaraarchachai et al., 2010; Porapakkham et al., 2010). However,
these studies were not based on statistical models. A benefit of using statistical
models is that many factors can be investigated and the effect of one factor can be
adjusted for other factors. Moreover, a statistical model can detect confounding

factors that biases the results.

1.2.7 Summary of literature review
The literature review can be summarized as follows.

Thai DR data is low quality because of misclassified cause of deaths. VA is
commonly used to verify cause of death in many studies in developing countries
where DR data are of poor quality. Therefore, it is necessary to adjust for the

misclassification to get more accurate cause using VA data.

Age-standardization is an essential method that adjusts for differences in population
age distribution, and to make meaningful comparison.

Several comparison studies always provide the results of “excess deaths” based on the
preliminary analysis of the differences between the observed and expected deaths, and
the SMR.

Statistical model is needed to detect the statistical significant excess. Generally

mortality counts data has Poisson distribution. There are some situations that over

11
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dispersion occur. In this case, negative binomial can be applied (McCullagh and

Nelder, 1989).

Since causes of deaths were categorized into 21 groups the causes of death outcome is
nominal variable with 21 levels, the appropriate model for systematic analysis of
death by ICD-10 code is multinomial regression. However, it is simpler and more
informative to separately fit logistic regression models to 21 outcome cause groups,
and then rescale the results to ensure that the total numbers of estimated deaths for

each group match those reported in the corresponding populations.

1.3 Rational of study

Comparison of mortality is important for monitoring population health status. It can
be used for planning appropriate health services for improving population health. In
Thailand, most of comparison studies have analyzed mortality data to explore all-
cause and cause specific excess deaths based on the descriptive and preliminary
analysis using SMR. This method does not directly provide 95% confidence interval
and p-value. Therefore, appropriate statistical methods need to be used to study
mortality comparison and corresponding graphical methods need to be developed for
visually comparison mortality data. The end of the study summarized methods for

correcting misreported multinomial outcome data with application to stroke deaths.
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1.4 Objectives

The objectives of this study are:
1. To compare cause-specific deaths in Thailand in 2005 with Japan in 2006.
2. To describe statistical methods for comparing stroke death rates in Suphan
Buri with Bangkok in 2005.

3. To summaries methods on adjustment of misclassification causes of death.

1.5 Roadmap of the present study

This thesis consists of four chapters to describe details of the knowledge that found in
the study. Chapter 1 contains introduction, background, literature review, rational and
objectives of the study. Chapter 2 describes a detail of methodology including data
source and management and analysis methods used in the study. Chapter 3 contains
the preliminary data analysis and includes these studies comprising a comparison of
cause-specific deaths in Thailand in 2005 and Japan in 2006, statistical methods for
comparing stroke death rates in Suphan Buri with Bangkok in 2005, and methods for
adjustment of misclassification on cause of death. Finally, the discussion and

conclusion are addressed in chapter 4.
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CHAPTER 2

Methodology

This chapter describes the data sources and management, and summarizes the

statistical and graphical methods used for analyzing the data.

2.1 Data sources and data management

Deaths and Population
Thai Data

The 2005 verbal autopsy (VA) and Thai death registry (DR) data were used to
estimate number of deaths. Both databases were obtained from Bureau of Health
Policy and Strategy, Ministry of Public Health. The DR data is misclassified cause of
death with more than 30% of ill-defined cause (Mathers et al., 2005). The VA data
contain information of deceased person on province of residence, gender, age group,
location (death occurred in or outside hospital), DR reported ICD-10 code and VA-

assessed ICD-10 code.

The DR-reported ICD-10 code is from register cause of death where the VVA-assessed
ICD-10 code is based on verification cause of death by medical expert team under the
SPICE project. Therefore, causes of death in the VA data are more reliable than those

in the DR.

The misclassification cause of death in the DR data was adjusted using the VA data.

This adjusting method is described in detailed elsewhere (Chutinantakul et al.,2014;



Klinjun et al., 2015). Figure 2.1 shows a flow diagram for estimating number of

deaths for the whole of Thailand in 2005.

Thai DR data in 2005
(misclassified cause of death)

- VA data in 2005

- create 21 major cause
groups

Adjustment method - fit different logistic
iaaiaanieieietie regression model for
each cause

- estimate coefficients
for provinces outside the

VA study
v
VA-assessed deaths in 2005 - estimate probabilities
(deaths reallocated into more of deaths for 76
credible causes) provinces for each cause
|
l | |
Study | Study Il Study 11
21 cause groups of Stroke deaths of Summarizes methods for
Thailand compared Suphan Buri compared correcting misreported
to Japan to Bangkok multinomial data (21 levels)

Figure 2.1 Diagram for estimating deaths in 2005 for each 21 cause groups

Data management began with systematic analysis of the VA data used chapter-block
classification of ICD-10 codes (WHO, 2004), which is consisting of blocks classified

mainly by human organs, creating 21 major cause groups with VA counts is shown in

Table 2.1.




Table 2.1 Definition of 21 major cause groups with VA counts

Cause groups Count Cause groups Count
1: Transport Accident (V) 536 11: Genitourinary (N) 412
2: Other Injury (W, X0-59) 327 12: Ischemic (120-25) 617
3: Suicide (X60-84) 158 13: Stroke (160-69) 1076
4: All other 358 14: Other CVD (I") 540
5: TB (A15-19) 195 15: Liver Cancer (C22) 500
6: HIV (B20-24) 512 16: Lung Cancer*(C30-39) 320
7: Other Infectious (A, B) 219 17: Other Digestive (C15-26") 290
8: Endocrine (E) 647 18: Other Cancer (C’, D0-48) 697
9: Mental, Nervous (F, G) 223 19: Respiratory (J) 801
10: Digestive (K) 489 20: Septicaemia (A40-41) 77
21: lll-defined (R) 501

* Respiratory/thoracic, - exclude above

Logistic regression model was fitted to death for each cause with geographic
(province), demographic (gender, age-group) and medical (DR-reported cause group
and location) factors as determinants. A Receiver Operating Characteristic (ROC) was
used to assess the model (Fan et al., 2006; Sakar and Midi, 2010). A spatial
triangulation method was used to estimate coefficients for the provinces outside the
VA study. The estimated probabilities from the model were applied to the DR data
giving the unscaled estimated deaths for the whole of Thailand. Before further
analysis, we scaled the unscaled totals estimated deaths to match the totals reported
deaths. Then the estimated deaths for the whole of Thailand were used to compare
deaths with Japan as present in study I, and then Suphan Buri and Bangkok were
chosen for study Il. The adjustment methods were described and illustrated using
stroke death in study IlI.

The projected populations were used. The projection method is based on the

assumptions about mortality and female fertility (\Vapattanawong and Prasartkul,
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2011; Health Research System Institute, 2003). We developed a mathematical model
for projection, which is formulated in terms of the size of the population, the mortality
and fertility rate per unit population. To avoid the estimation of the age-specific
fertility; we assume that births decrease by 2% annually. From the model we start
with gender-specific population census age distributions in 2000, and we used
reported death rates by age and gender from 2000 to 2009. Thus projected populations
for the whole of Thailand from 2000 to 2009 were obtained. Then, the 2005 projected
population for 76 provinces was used for study I, and for study Il Suphan Buri and

Bangkok were chosen for comparison.
Japan Data

The numbers of deaths for Japan in 2006 by gender, five year age group and ICD-10
codes, with corresponding population at risk, are available from the World Health

Organization (WHO, 2011).

2.2 Variables

The path diagrams for the variables used in the three studies are shown in Figure 2.2.
The study I and study 11, the VA-assessed deaths outcome is counts. Determinants are

demographic (gender-age group), medical (cause group) and geographical factors.

Study I11, the misclassification was assessed by cross tabulation between VA-assessed
and DR- reported ICD-10 codes. The DR-reported cause was then used as a main
determinant for the VA-assessed specific cause. Other determinants are location,

gender, age, and province.
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For analysis of application to stroke death data, the binary outcome is VA-assessed
ICD-10 code as deaths from stroke or other. The DR-reported ICD-10 codes and
location of death were combined and categorized into 18 groups: 9 DR-reported ICD-

10 code groups each for the two locations (in or outside the hospitals).

Gender and age were combined and categorized into 6 groups by sex: ages 5-39, 40-
49, 50-59, 60-69, 70-79 and 80+years for each sex. Nine provinces (Bangkok,

Nakhon Nayok, Suphan Buri, Ubon Ratchathani, Loei,

Phayao, Chiang Rai, Chumphon, and Songkhla) were samples in the VA survey.



Study I: A Comparison of 21 cause-specific deaths in Thailand in 2005 and Japan in

2006

Determinants

Demographic factor
- 16 gender-age group

Medical factor
- 21 cause groups

Geographic factor
- Country (Thai, Japan)

Outcome
Numbers of
VA-assessed deaths

Study I1: Statistical methods for comparing stroke death rates in Suphan Buri with

Bangkok in 2005

Determinants
Demographic factor
- 12 gender-age group

Geographic factor
- Province (Suphan Buri, Bangkok)

Outcome
Number of
V A-assessed stroke
deaths

Study I11: A Statistical method for correcting misreported multinomial outcome data

with application to stroke mortality in Thailand

Determinants

DR-cause location factor (18 levels)
- Reported cause group and location
(infoutside hospital)

Demographic factor (12 levels)
- Gender-age group (both sexes &
6 age-groups)

Geographic factor (9 levels)
- 9 provinces in the VA study

Outcome
Multinomial outcome
(21 cause groups)
Application to stroke
death as binary outcome
(yes/no)

Figure 2.2 Diagram for variables used in three studies

19



2.3 Analysis methods

2.3.1 Crude death rates and age-specific death rates

The crude death rate (CDR) is the total number of deaths to residents in a specified
geographic area such as country, province, etc. divided by the total population in the
same geographic area (for specified time period, usually a calendar year) multiplied

by 100,000.

CDR - Total resident deaths +100,000 2.1)

Total population

The age-specific death rate (ASDR) is the total number of deaths to residents in a
specified gender- age group in specified geographic area such as country, province,
etc. divided by the total population of the same age or age group in the same
geographic area (for specified time period, usually a calendar year) and multiplied by

100,000.

ASDR = Total deaths in specified age group

= . ~ x100,000 (2.2)
Total population in the same specified age group

2.3.2 Age-standardization and SMR

There are a number of methods that can take account of age structure differences
when comparing deaths between two different populations. This study focuses on
indirect age-standardization, which is a standard set of age-specific death rates are
applied to the study population. This method provides the expected number of deaths
in a population. The Standardized Mortality Ratio (SMR) was then calculated by

dividing the total number of observed deaths by the total number of expected deaths.
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The SMR equals 1.0, indicating neither an excess nor a deficit of risk. If the SMR is
greater than 1.0, there is said to be “excess deaths” in the study population.

_ number of Observed deaths

SMR =
number of Expected deaths

(2.3)

2.3.3 Poisson regression analysis
The Poisson regression model is appropriate for modelling count data. The
formulation for the Poisson model is based on two set of predictors, if 4; denotes the

mean death rate in province i and the gender-age group j, P is the population at risk

per 100,000 for each data cell, an additive model with this distribution has mean 4,

where
In(4; 1 By) =pu+a; + B, (2.4)
In this model, ;and 3, are province and gender-age group, respectively, and 4 is a

constant. The Poisson model has only the single parameter A4, and the variance is

also 4.

2.3.4 Logistic regression model

Logistic regression model is appropriate when the outcome takes one of only two
possible values representing presence or absence of an attributes of interest. The
model formulated the logit of the probability that a person died from the specific
cause of death as an additive linear function of determinants (Hosmer and Lemshow
2002, Venable and Ripley 2002). The simple model when the determinant is a

categorical variable is expressed as

In(p; /(21— p;)) = u+e; (2.5)
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Where p; the probabilities of death due to the specific cause of death, 4 is a constant,
and ¢, is the parameter of DR- cause location group i. the simple model was
compared with the full model (2.6), which includes an additive linear function of

determinant factors. The full model with three categorical determinants was

formulated as
logit(py) = log( py /(L— py)) = 1+ + B + 7, (2.6)
Where p, is the probabilities of death due to the specific cause of the i, j and k

groups of predictor factors, 4 is aconstant, «;, f;andy, refer to province, gender-

age group, and DR-cause location group, respectively. The selected cause group can

be obtained as follows:

Py =L/A+exp(—(u+a + B + 7)) (2.7)

2.4 Graphical methods

For preliminary analysis of population age distribution, we use bar plot. The bar plots
were used to explore age distribution for each population to be compared (Thai/Japan

or Suphan Buri/Bangkok).
Doughnut plots

We used doughnut plots to display excess deaths by cause and gender. This plot is a
useful method for visually comparison data from two populations. It comprises inner
and outer coloured circles. The areas of yellow inner circles represent numbers of
deaths by cause groups in the country with the lower age-standardized death rate. The
outer rings, with areas denoting the difference between inner and outer circles,

represent the magnitude of excess deaths in the other country (using red for Thailand



and blue for Japan) for each cause.
Plots of 95% confidence intervals

A 95% confidence intervals plot can be used to display the pattern of mortality rates
for each factor of interest. These plots are produced from the standard errors of

differences between the mortality rates and its mean.

A Receiver Operating Characteristic (ROC) curve assesses how well a model predicts

a binary outcome. Denoting the predicted outcome as 1 (deaths due to selected cause)

if p; =cor0if py <c, the ROC curve plots sensitivity against the false positive

rate, as ¢ varies. The ROC curve passes through the upper left corner, providing area

under the curve (AUC) close to 1.

All data analysis were under taken using R program version 2.15.2 including

graphical displays.
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CHAPTER 3

Results

This chapter contains the preliminary analysis for comparing mortality between

populations in three studies.

The first study concerned with a useful graphical method for visually comparison data
which is used to display cause-specific excess deaths by gender and was submitted to

the Pertanika Journal of Social Sciences & Humanities.

The second study is provided on the use of a statistical model for comparing stroke
death rates for Suphan Buri with Bangkok in 2005 and was submitted to the Journal

of Research in Health Sciences.

The third study summarizes methods for correcting misreported multinomial outcome
data with application to stroke mortality in Thailand and was submitted to the

Walailak Journal of Science and Technology.

3.1 Preliminary results

The first study

Table 3.1 shows the distribution of numbers of deaths by cause and gender between
Thailand and Japan, which is used for analysis. For comparison, these deaths cannot
be compared directly due to population size and age distribution. The larger

population will generate more deaths than smaller population.
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Thailand’s crude death rates in 2005 (652 per 100,000) was less than those in Japan in
2006 (892 per 100,000). Comparison of these rates would be misleading because

these rates do not take into account the population age distribution.

Table 3.1 Distribution of numbers of deaths by cause and gender for aged five years
or more in Thailand in 2005 (total population 58,972,812) and Japan in 2006 (total

population 121,102,000)

Numbers of deaths

Cause groups Thai Japan

male female male  female
1: Transport Accident 18475 4335 6206 2762
2: Other Injury 9360 4545 16914 12032
3: Suicide 4954 1232 21419 8502
4: All Other 8726 6317 6808 8013
5:TB 5609 2733 1517 752
6: HIV 14805 8006 55 5
7: Other Infectious 4448 3535 6362 6378
8: Endocrine 8780 15463 10030 9523
9: Mental and Nervous 5751 3510 8978 10320
10: Digestive 12594 7420 23072 19264
11: Genitourinary 7352 8324 12090 15748
12: IHD 13478 11720 41295 34132
13: Stroke 24475 22371 61340 66911
14: Other CVD 9483 10619 53065 67872
15: liver Cancer 14137 6513 22576 11084
16: lung Cancer 8581 3492 47448 17716
17: Other Digestive Cancer 6879 5269 86536 58713
18: Other Cancer 11806 16167 46547 48655
19: Respiratory 20340 10734 89915 72707
20: Septicemia 1172 1699 4204 4563
21: 1l Defined 8275 11206 12323 24964
All-cause 219478 165211 578700 500616

Figure 3.1 shows that both male and female population age distributions in Thailand
are different from those in Japan. Women live longer than men, especially in Japan,

where 31.3% of females aged five years or more were aged 60 years or more
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compared with 25.8% of males, and 7.3% of females aged five years or more were

aged 80 years or more compared to only 3.7% of males.

Male population (millions) by age Female population (millions) by age
age group O 5.59 age group O 5.59
101 59 6 50-59 W0+ 1M1 59 6 50-59 B 50+
2 10-19 7 60-69 ] 2 10-19 7 60-69 —
3 20-29 8 T0-79 3 20-29 8 T0-79
81| 4 30-39 9 80+ (- 81| 4 30-39 9 80+ —
5 40-49 5 40-49 ]
& ] &

.
.

ZH HII.H ] H
1234567829 1234567829 1234567829 12345678289
Thailand Japan Thailand Japan

Figure 3.1 Population age distributions (millions) by gender between Thailand (2005)

and Japan (2006)

Comparison of 21 cause groups between Thailand and Japan, age-specific death rates
and age-standardized deaths for each cause are computed. For simplify, we choose
stroke deaths to demonstrate the comparison methods and then apply to the other

causes.

Figure 3.2 shows gender age-specific stroke death rates for Thailand and Japan. In
both males and females, Thailand has higher age-specific death rate at every age
group except age 5-29 years. The excess mortality for Thailand in 2005 over Japan in
2006 is highlighted in magenta shading in the bar strips. For clarity, a cube-root y axis
scale is used, so that graphs do not accurately depict the extra burden of death in

Thailand compared to Japan.
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Age-specific stroke death rate/100,000 by gender

agegroup O Japan 2006
1 519 5 50-59 M Thai 2005 excess
2 20-29 6 60-69
3 30-39 7 70-79
20007 4 4049 8 80+

5001
501 H H
1l 2 34 KB T8 - 2:23 74 57 6 8
Male Female

Figure 3.2 Age-specific stroke death rates by gender between Thailand (2005) and

Japan (2006) showing excess deaths
Age-standardized mortality comparison

Applying Japan’s age-specific stroke death rates to the Thai population, the total
number of age-standardized stroke deaths for Japan would be only 21,395 (11,989 for
males and 9,406 for females). This is 47% of the number of stroke deaths in Thailand
(46,846) in 2005 as shown in Figure 3.3. For gender excess deaths, Thailand has 2.38
times as many female age-standardized stroke deaths in Japan compared with 2.04

times as many male age-standardized stroke deaths.



Male stroke deaths by age-group Female stroke deaths by age-group

Total: 24475 age group 11989 Total: 22371 age group 9406
100001 1 519 5 5059 100001 1 519 5 5059
2 20-29 6 60-69 2 20-29 6 60-69
3 30-39 7 70-79 3 30-39 7 70-79
80001 4 40-49 8 80+ 80001 4 40-49 8 80+
6000 60001
40001 4000
20001 H 20001 H
0 ‘_‘l—ll_l 0 — ﬁ|—]|—|
12345678 12 394 5 6 78 12345678 1234567178
Thailand age-standardized (Japan) Thailand age-standardized (Japan)

Figure 3.3 Numbers of stroke deaths in Thailand and age-standardized deaths for

Japan by gender and age group
Comparison of cause group

After applying Japan’s age-specific death rates for each remaining cause groups,

deaths by cause were presented using bar plots as shown in Figure 3.4.Deaths caused
by injuries, infectious diseases, internal causes (especially female endocrine), stroke,
and liver cancer are all much higher in Thailand. In contrast, deaths from suicide and

other digestive cancer are higher in Japan.
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Male Deaths by cause group

250007 Total: 219478 cause group 122305
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Figure 3.4 Deaths by cause groups in Thailand (2005) and Japan (2006) by gender

The second study

Table 3.2 shows percentage of population age distribution, observed number of stroke
deaths (O), age-specific stroke death rates (ASDR) per 100,000 population for Suphan

Buri and Bangkok by gender, and age-standardized stroke deaths (E), respectively.

Suphan Buri and Bangkok have different population age distribution. Both males and
females, Bangkok has a higher percentages of people aged 30-49 years whereas
Suphan Buri has a higher percentages of people aged 60 years or more than Bangkok,

especially for females.



For age-specific stroke death rates, Suphan Buri has higher death rates at every age
group. However, these excess deaths do not accurately depict the extra burden of

deaths in Suphan Buri compared to Bangkok.

Applying Bangkok’s age-specific stroke death rates to the Suphan Buri population,
the total number of age-standardized stroke deaths (E) for Bangkok would be only
929 (483 for males and 446 for females). This is 83% of the stroke deaths in Suphan

Buri (1,119) in 2005.

Table 3.2 Percentage of population age distribution, observed numbers of stroke
deaths (O), age-specific stroke death rates (ASDR) per 100,000 population for Suphan
Buri (SP) and Bangkok (BKK) by gender, and age-standardized stroke deaths (E),

respectively

Gender Population (%) @) ASDR/100,000 £
age group SP BKK SP  BKK SP BKK

m.30-39 28.0 37.1 15 86 24 13 8
m.40-49 28.3 29.4 44 256 68 50 32
m.50-59 19.8 18.2 77 454 171 143 64
m.60-69 13.6 9.4 110 478 355 291 90
m.70-79 7.6 4.5 194 781 1118 1000 174
m.80+ 2.6 1.4 119 468 2022 1952 115
.30-39 27.1 36.3 6 30 9 4 3
.40-49 25.2 28.9 24 136 37 23 15
.50-59 20.5 17.8 44 199 84 54 29
f.60-69 14.4 9.7 43 207 117 105 38
£.70-79 9.1 53 193 716 836 660 152
.80+ 3.7 2.0 250 913 2674 2235 209

The third study

Figure 3.5 shows that the unscaled VVA-estimated and DR-reported deaths in 2005 for
each 21 cause group. Using separate logistic models to 2005 VA data gives the totals

VA-estimated deaths (379,165 cases) slightly less than those reported deaths (384,689



cases). The degrees of misclassification of causes of death were observed for

example, septicaemia is over-reported but stroke and others are under-reported.

Deaths aged 5+ by age-group Males: 2005 Females: 2005

total: 217073 219478 total: 162092 BTAce HIHD 165211

Holnj  EsStr
BSuic HolvD
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OTE  Oingc
BHy HoDgC
Oolnf  Oath
HEndo OResp
Wri+r OSept
EDig ONo
EGU

400004
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519 30-38 50-59 70-79  20-29 40-49 BO-B9 80+ 5-19 30-39 50-59 70-79  20-29 40-49 BO-BY 8O+
VA-estimated reported VA-estimated reported

Figure 3.5 Deaths by cause groups and gender in 2005
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3.2 Manuscripts

3.2.1 A Comparison of cause-specific deaths in Thailand in 2005 and Japan in

2006

Manuscript was submitted to the Pertanika Journal of Social Sciences & Humanities

Arinda Ma-a-lee’, Phattrawan Tongkumchum®, and Attachai Ueranantasan®
'Department of Mathematics and Computer Science, Faculty of Science and

Technology, Prince of Songkla University, Pattani Campus, Thailand
Abstract

This study compared mortality aged five years or more between Thailand in 2005 and
Japan in 2006. Deaths from the Thai death registration (DR) database were adjusted
for misclassification using logistic regression based on the verbal autopsy (VA) data.
Thailand and Japan have different population age distribution so age standardization
rates was used to make the comparison possible by applying gender-age specific death
rates of Japan to the Thai population. The total number of age-standardized deaths for
Japan was 203,133 that is, 53% of the number of deaths in Thailand in 2005
(384,689). Gender excess deaths were observed with Thailand having 2.05 times as
many female deaths as Japan, compared with 1.79 times as many male deaths. In
Thailand, there were cause-specific excess deaths for transport accident for males,
infectious diseases, endocrine for females, stroke and liver cancer. In contrast, there
were cause-specific excess deaths for causes related to suicide and other digestive
cancer for Japan. The more cause-specific excess deaths in Thailand impose a

significant public health burden that demands attention and action by health policy
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makers.

Keywords: age-standardized deaths, causes of death, Japan, Thailand
INTRODUCTION

According to the World Health Organization statistics (WHO, 2004a)
Thailand ranked 77" among 192 countries, with age-standardized death rate double
that of Japan, which is the lowest age-standardized death rate among all countries in
the world. During 2008, the age-standardized death rate for Thailand (935 deaths per
100,000 population) exceeded that of Japan (349 deaths per 100,000 population)
(OECD/WHO, 2012). In 2011, Japan life expectancy at birth of 79 years for males
and 86 for females whereas in Thailand life expectancy at birth of 71 years for males

and 77 for females (WHO, 2013). These gaps are unaccepted and can be improved.

The difference in life expectancy between two countries corresponds to males
and females in Thailand dying 8 and 9 years earlier, respectively, than those in Japan.
It is important to understand why this is so. Moreover, comparison of cause-specific
deaths between countries is crucial for improving human health and reducing

preventable deaths in developing countries.

Comparison of mortality between two populations with different age
distributions requires a method known as age-standardization (Naing, 2000; Torrey &
Haub, 2004; Robson et al., 2007). The method involves comparing the mortality rate

in each gender-age group and combining results to obtain single ratio.

However, comparison of cause-specific mortality requires good quality data.

Mortality studies in Thailand raised national concern to improve death registry (DR)
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data (Rao et al., 2010; Porapakkham et al., 2010). Cause-specific mortality in
Thailand is misreported (Mathers et al., 2005). Forty percent of death certificates give
the causes of death as ill-defined, which severely limits their public utility. In contrast,
less than 4% of deaths in Japan are ill-defined (Mathers et al., 2005; Carmichael,

2011).

Verbal autopsy (VA) is widely used to verify cause of deaths (Setel et al.,
2005; Ngo et al., 2010; Rao et al., 2010) in order to get more accurate causes. The
latest VA survey in Thailand was carried out in 2005. Mortality based on this study
reported that the five leading causes of death among males are stroke, transport
accidents, HIV/AIDS, ischemic heart diseases, and chronic obstructive lung diseases.
Among females, the leading causes of death are stroke, diabetes, ischemic heart

diseases, HIV/AIDS and renal diseases (Rao et al., 2010).

The objective of this study was to assess all cause and cause-specific deaths in
Thailand in 2005 compared to Japan in 2006. Before comparisons we adjusted the

Thai data in cause groups for misreporting using data from the 2005 VA study.

MATERIALS AND METHODS

Data sources and management

Death data by cause, gender-age group for ages five years or more in Thailand
in 2005 (Thai data) and Japan in 2006 (Japan data) were used for comparison. Causes
of deaths for ages less than five years have specific causes including pneumonia,

prematurity, birth asphyxia and congenital, which are different from causes of death
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for adults (OECD/WHO, 2012). Therefore, under five year deaths were separated for

special attention.

Thai data

The 2005 verbal autopsy (VA) and Thai death registration (DR) data were

obtained from the Bureau of Health Policy and Strategy, Ministry of Public Health.

The DR data contains information on province, gender, age in years, cause of
death reported on the death certificate, and the location of death (in hospital or outside
hospital) of each deceased person. The 10" revision of the International Classification

of Diseases (ICD-10) were used for causes of deaths (WHO, 2004b).

The VA data contain information of deceased persons for province of
residence, gender, age group, location (death occurrence in or outside hospital), DR
reported ICD-10 code and VA-assessed ICD-10 code. It comprised 9,644 (3,316 in-
hospital and 6,328 outside-hospital) death records. The VA assessed ICD-10 codes
were more reliable than the DR reported ICD-10 codes. The VA-assessed deaths by
cause were the basis analysis. Study design, methodologies, and data analysis of the
VA study have been published elsewhere (Rao et al., 2010; Porapakkham et al.,

2010).

Without appropriate the classification, the DR data in Thailand cannot be
compared to Japan data directly due to misclassification of specific causes of death.
To allocate causes of death to their correct ICD chapter-block groups, we used the

method described in detailed by Chutinantakul et al. (2014).



Definition of causes of death

The VA assessed ICD-10 codes were grouped into 21 major causes based on
the chapter-block classification of ICD-10 codes (WHO, 2004b). For statistical
accuracy, groups need around 200 cases, with septicemia (over-reported) excepted for
special attention. The ICD-10 codes with small numbers of deaths were grouped into
an “All other” group. Table 1 shows these cause groups and numbers of deaths aged
five years or more (9,495 deaths) for the VA data.

Table 1 Definition of 21 major cause groups with ICD-10 codes

Cause groups Count Cause groups Count

1: Transport Accident (V) 536 11: Genitourinary (N) 412
2: Other Injury (W, X0-59) 327 12: Ischemic (120-25) 617
3: Suicide (X60-84) 158 13: Stroke (160-69) 1076
4: All other 358 14: Other CVD (I") 540
5: TB (A15-19) 195 15: Liver Cancer (C22) 500
6: HIV (B20-24) 512 16: Lung Cancer*(C30-39) 320
7: Other Infectious (A, B)” 219 17: Other Digestive (C15-26") 290
8: Endocrine (E) 647 18: Other Cancer (C’, D0-48) 697
9: Mental, Nervous (F, G) 223 19: Respiratory (J) 801
10: Digestive (K) 489 20: Septicemia (A40-41) 77
21: 1ll-defined (R) 501

* Respiratory/thoracic, - exclude above

Numbers of deaths by cause adjusted for misclassification

Numbers of deaths from the Thai DR database were adjusted for
misclassification using logistic regression based on the VA data. Each cause group
was considered as a binary outcome (deaths from this cause or other). Different

models were fitted separately for each cause group with province, demographic and
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medical factors.

The province factor has nine levels corresponding to the nine provinces in the
VA study. Gender and age group were combined with number of levels depending on
age distribution of deaths from the selected cause group outcome. Cross tabulation of
the 21 VA and DR cause groups suggested the reported cause groups that were used
as determinants. The interaction term between reported cause group and location of
death (in or outside hospital) has number of levels depending on the reported cause
groups that affect the selected cause outcome. The models gave estimated
probabilities of deaths for each cause group for specified determinants. The goodness
of fit of the models was assessed using a Receiver Operating Characteristic (ROC)
curve. The ROC plots sensitivity against false positive rate (1-specificity) (Fan et al.,

2006; Sakar & Midi, 2010). It shows how well a model predicts a binary outcome.

For each cause group, the model gives coefficients for the nine provinces
sampled in the VA study. To use the model to predict the coefficient of the remaining
provinces of Thailand, we used a spatial triangulation method based on the latitude
and longitude of the province. The remaining coefficients in each triangle were
obtained by solving three linear equations. The estimated probabilities from the model
for each cause group were applied to the DR data in 2005 giving numbers of VA-
assessed deaths for each cause. Thus, total unscaled VVA-assessed deaths in 2005,

which are slightly less than those reported, were obtained.

Scaled VA-assessed deaths by causes

The unscaled VA-assessed deaths were categorized into eight age groups (5-

19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and 80+) for every cause group. The



VA-assessed deaths counts were scaled to match the DR reported counts using the

formula

drTot,, j

V&g = Ve x [vaTot
ik

In this formula vas, and vg,, are the scaled and unscaled VA-assessed
deaths classified by cause group i, gender j, and age-group k (i=1,2...,21, j=1,2
andk=1,2, ..., 8). The factors drTot; and vaTot; are numbers of deaths from all
causes for DR reported and for VA-assessed deaths by gender j and age-group k. Thus

aggregated scaled VVA-assessed deaths by gender-age group for each 21 cause groups

were obtained.

The 2005 projected populations for Thailand by gender and age group were
used. The projection method is based on assumptions about mortality and female

fertility.

Japan data

The numbers of deaths for Japan in 2006 by gender, five year age group and
ICD-10 codes, with corresponding population at risk, are available from the World

Health Organization (WHO, 2011).

The ICD-10 codes were grouped into 21 major causes based on the chapter
block classification of ICD-10 codes (WHO, 2004b). The number of deaths were
categorized in to eight age-groups (5-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79,

and 80+) for each 21 cause group.
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Comparison analysis with Japan in 2006

Age distributions of Thai populations for each gender were compared to Japan
using bar plots. To explore deaths in Thailand and Japan, gender age-specific death
rates were computed as the numbers of deaths classified by gender and age group

divided by the corresponding population at risk.

To compare numbers of deaths in populations with different age distributions,
age-standardized rates were used for such comparison by matching the Japan
population to the Thai population. To do this, we applied Japan’s gender age-specific

death rates for each major cause group to the Thai population using the formula

g Miji
M = = ¥ PTjk :
PJ,

In this formula nj, are numbers of age-standardized deaths by cause group i,
gender j, and age-group k and n;, are numbers of observed deaths in Japan. PJ; and
PT,, are the corresponding population sizes for Japan and Thailand, respectively.
Thus numbers of age-standardized deaths for Thailand were obtained.

Gender excess deaths were calculated as the ratio of the numbers of VA
assessed deaths in Thailand to the numbers of age-standardized deaths in Japan

separated by gender.

Cause-specific excess deaths were calculated as the difference between the
numbers of VA assessed deaths in Thailand to the numbers of age-standardized deaths

in Japan separated by gender.
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Doughnut plot

Doughnut plots were used to display results of cause-specific excess deaths.
This plot is a useful method for visually comparison data from two countries or
regions. It comprises inner and outer coloured circles. The areas of yellow inner
circles represent numbers of deaths by cause groups in the country with the lower age-
standardized death rate. The outer rings, with areas denoting the difference between
inner and outer circles, represent the magnitude of excess deaths in the other country

(using red for Thailand and blue for Japan) for each cause.

RESULTS

Preliminary results

Figure 1 illustrates the differences in overall population structure for ages five
years or more. Thailand and Japan have different age distributions. Japan has a much
greater proportion of persons aged 60 years and older (29%) than Thailand (12%) as

shown in Figure 1.

Population (millions) by age

207 age group | @ 559
1 59 6 50-50 ] W 60+
2 10-19 7 60-69

151 3 20-28 8 70-79 |
4 30-39 9 80+
5 40-49 -

109 [

GH

123456789 1234567829
Thailand Japan
Fig 1 Population age distributions (millions) for Thailand (2005) and Japan (2006).

Note that the first age group (5-9) is half the width of the others to ensure that all
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areas of bars accurately denote populations and the vertical scale denotes population
density.

Fig 2 shows that both males and females population age distributions in
Thailand are different from those in Japan. Women live longer than men, especially in
Japan, where 31.3% of females were aged 60 years or more compared with 25.8% of

males, and 7.3% of females were aged 80 years or more compared to only 3.7% of

males.
Male population (millions) by age Female population (millions) by age
age group O 559 age group O 5-59
1041 59 6 50-59 W 6o+ (10| 1 59 6 50-59 B 50+
2 1019 7 60-69 ] 2 10-19 7 60-69 —
3 20-29 8 T70-79 3 20-29 8 70-79
81 4 30-39 9 80+ — = 81| 4 30-39 9 80+ —
5 40-49 5 40-49 ]
6 ] 6 —

=
i

)
)

L, | H H

1234567869 123456789 1234567869 123456789
Thailand Japan Thailand Japan
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Fig 2 Population age distributions (millions) by gender between Thailand (2005) and
Japan (2006)

Fig 3 shows gender age-specific death rates for Thailand in 2005 and Japan in
2006. Japan has lower age-specific death rate at every age group. The excess
mortality for Thailand in 2005 over Japan in 2006 is highlighted in blue shading in the
bar strips. For clarity, a cube-root y axis scale is used, so that graphs do not accurately

depict the extra burden of death in Thailand compared to Japan.
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Male death rate/100,000 by age-group Female death rate/100,000 by age-group
age group | B Japan 2006 age group B Japan 2006
1 519 5 50-59 O Thai 2005 excess 1 5-19 5 50-59 O Thai 2005 excess
2 20-29 6 60-89 2 20-29 6 60-89
100007 3 30.39 7 70-79 00007 3 3039 7 70-79
4 40-49 8 80+ 4 40-49 8 80+
5000+ 5000+
20007 20001
5001 500
509 501

123 45 67 8 1 23 456 78 0_123456?8 12 3 45678
Thailand Japan Thailand Japan

Fig 3 Age-specific death rates by gender between Thailand (2005) and Japan (2006)

showing excess deaths
Age-standardized mortality comparison

Applying Japan’s gender age-specific death rates to the Thai population, the
total number of age-standardized deaths for Japan would be only 203,133 (122,496
for males and 80,637 for females). This is 53% of the number of deaths in Thailand
(384,689) in 2005 as shown in Fig 4. For gender excess deaths, Thailand has 2.05
times as many female age-standardized deaths in Japan compared with 1.79 times as

many male age-standardized deaths.

Male deaths by age-group Female deaths by age-group
600007 Total: 219478 age group 122496 | 60000 Total: 165211 age group 80637
1 519 5 50-59 1 519 5 50-59
2 20-29 6 G0-69 2 20-29 6 60-69
500007 3 30-39 7 70-79 500001 — | 3 3039 7 70-79
_ 4 4049 8 80+ 4 40-49 8 80+
400001 40000 i
300001 300007
200007 20000
100007 H 100007 HH
o |_| AL 0 'T‘|T|. AL ==
1234567 8 1234567 8 123 4567 8 1234567 8
Thailand age-standardized (Japan) Thailand age-standardized (Japan)

Fig 4 Overall numbers of deaths in Thailand and numbers of age-standardized deaths

for Japan by gender and age group



Table 2 shows scaled VVA-assessed deaths for Thailand in 2005 and age-
standardized deaths for Japan in 2006 by cause group and gender. Age-standardized
deaths for Japan were computed after excluding causes with OPQ ICD-10 codes that
are causes for child mortality. The total number of age-standardized deaths for Japan
is only 202,721 (122,305 for males and 80,416 for females). Deaths caused by
injuries, infectious diseases, internal causes (especially female endocrine), stroke and
liver cancer are all much higher in Thailand, whereas deaths from other digestive

cancer (mainly stomach cancer), and suicide are higher in Japan.

Table 2 Scaled numbers of deaths in Thailand in 2005 and age-standardized deaths in

Japan in 2006 by 21 major cause groups and gender

Male Female
Cause groups Thai Japan Thai Japan
Transport Accident 18475 2408 4335 796
Other Injury 9360 4117 4545 2143
Suicide 4954 8798 1232 3432
All Other 8726 1734 6317 1588
B 5609 298 2733 108
HIV 14805 22 8006 1
Other Infectious 4448 1372 3535 1076
Endocrine 8780 2183 15463 1495
Mental and Nervous 5751 1998 3510 1745
Digestive 12594 5395 7420 2954
Genitourinary 7352 2123 8324 2026
IHD 13478 8684 11720 4905
Stroke 24475 11989 22371 9406
Other CVD 9483 10519 10619 9035
liver Cancer 14137 4872 6513 1943
lung Cancer 8581 9542 3492 3243
Other Digestive Cancer 6879 18244 5269 10674
Other Cancer 11806 9864 16167 11310
Respiratory 20340 14933 10734 8996
Septicemia 1172 837 1699 692
Il Defined 8275 2373 11206 2848

Total 219478 122305 165211 80416
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The doughnut plots in Fig 5 clearly show cause-specific excess deaths. Larger
numbers of Thai excess deaths for both sexes were observed for transport accidents,
infectious diseases, internal causes (especially female endocrine), stroke and liver
cancer. In contrast, excess deaths were observed for suicide and other digestive

cancers in Japan.

Deaths in Thailand aged 5+ by cause in 2005 compared to age standardized deaths for Japan in 2006

othlnj ~  other HIV endoc  digest IHD othCVD| ung othc sept
transAcc  suicide TB othin M+N GU stroke |verCa othD resp iDef

D0 0@ 0000 OO QQQQ Q-0
° 0000000000000 -0

o
O
o
o

Fig 5 Doughnut plots with deaths in Thailand in 2005 by cause group and gender
compared to age-standardized deaths for Japan in 2006, the outer rings represent the
magnitude of excess deaths in the other country (using red for Thailand and blue for

Japan) for each cause.

DISCUSSION

This study compared mortality aged five years or more between Thailand in
2005 and Japan in 2006. Thailand and Japan have different population age-
distribution so an age-standardization rate was used to make the comparisons possible
by applying gender-age specific death rates from Japan to the Thai population. The
gender excess deaths for all-cause were computed and cause-specific excess deaths
were presented using a doughnut plot. The total number of age-standardized deaths
for Japan was 203,133 cases, that is, 53% of the number of deaths in Thailand in 2005
(384,689). Gender excess deaths were observed with Thailand having 2.05 times as

many female deaths as Japan, compared with 1.79 times as many male deaths. In
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Thailand, there were excess deaths for causes related to injuries (especially, transport
accident for male), infectious diseases, internal causes (especially endocrine for
female), stroke and liver cancer. In contrast, there were excess deaths for causes

related to suicide and other digestive cancer for Japan.

Thailand suffered 47% more deaths (181,556 deaths) than would be expected
if they had experienced the same death rates as Japan. This is in agreement with WHO
reports which give age-standardized death rates for Thailand double that of Japan
(OECD/WHO, 2012). This could be due to the health disparity between Thailand and

Japan (Yiengprugsawan et al., 2010; OECD/WHO, 2012).

Thailand is a middle income country, socio-economic inequality exist in
Thailand that may effect to deficiency of access to health care services, for example
poor people have further to see doctor and that after adjusting for different levels of
needs, the rich are more likely to see a specialist and high quality of care than the
poor. Although, Thailand adopted a Universal Coverage Scheme (USC) in 2001-
2002, the USC employs a minimal co-payment of 30 Baht (0.75 USD) per hospital
visit (Naranong & Naranong, 2006; Prakongsai et al., 2002). In 2006, the government
abolished the co-payment and made it free. However, poor people still use health
services less when they ill (Yiengprugsawan et al., 2010). Moreover, most of health
care services and high quality of care in Thailand are mainly located in Bangkok and

others major cities.

In contrasts, Japan is a high income country and has advantages in terms of
equality of socio-economic condition that may lead to more equal access to health

care services and high quality of care than Thailand. Since, Japan implemented
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universal health care in 1961 with compulsory social insurance schemes, and achieved
a high level of performance. Equal access to health care is promoted by relatively
high share of public health spending and fairly equal geographic distribution of
doctors. In addition, the quality of health care is good in many areas, including cancer

care and stroke (OECD/WHO, 2012; Fukuda et al., 2004).

A large number of excess injury deaths especially transport accident for males
were also consistent with WHO reports on mortality rates of 106 deaths per 100,000
injuries mortality rates for Thailand and 36 for Japan. Most injury deaths were self
inflected in Japan whereas in Thailand 40% or more were due to transport accidents
(OECD/WHO, 2012). This might be partly due to most of motorcyclists not following
motorcycle helmet laws; only 32% of motorcyclists wore helmets during the daytime
and 9% at night, and only 30% of helmets comply with the Thai standard

(Tanaboriboon & Satiennam, 2005; Hyder et al., 2007).

Over the past three decades, Thailand has faced social and economic
transitions. These shifts have changed in Thai society through globalization and rapid
economic growth, as well as the development of the Thai health care system. These
changes are evidenced by an increased in total life expectancy at birth from 67 to 74
years from 1990 to 2011, (WHO, 2013; Kaufman et al., 2011) infant mortality rate
(IMR per 1000 live births) decline from 84.3 to 11.3, and maternal mortality rate
(MMR per 1000 live births) decline from 317.6 to 9.8 (Bureau of Policy and Strategy,

2008).

However, excess deaths for infectious diseases in this study suggest that they

are still high in Thailand. This finding is consistent with studies reporting that



although deaths from HIV/AIDS and TB declined during 2004-2009; they were still a
major health problem and responsible for a considerable number of deaths in Thailand
(Chasombat et al., 2006; Aungkulanon et al., 2012). This decline may account for the

concurrent leveling-off of infectious disease related mortality.

There were a larger number of excess deaths for causes related to non-
communicable diseases (especially, stroke, liver cancer, female endocrine). This
result is consistent with studies reporting that currently, death rates in Thailand from
non-communicable diseases have increased dramatically (Kaufman et al., 2011). Rao
et al. (2010) reported that the leading cause of deaths in Thailand among males and
females is stroke. This might be linked to changing in Thai lifestyle, along with the
development of the national economy. Significant changes in diet, particularly
increased consumption of fat and sugar, along with reduction in physical activity,
have changed the disease pattern in Thailand (Kaufman et al., 2011; Kosulwat, 2002).
Burden of disease in Thailand is shifting increasingly to non-communicable diseases
such as heart disease and stroke, cancer, chronic obstructive pulmonary disease and
diabetes, as well as mental health disorders (Hwang et al., 2012). Liver cancer is also
a significant concern in Thailand. Age-standardized liver cancer mortality in Thailand

in 2004 was 31.0 per 100,000 whereas it was 13.0 for Japan (WHO, 2008).

In Japan, there were excess suicide deaths. This finding is consistent with
previous studies. For suicide mortality, Japan is ranked second highest among OECD
(Organization for Economic Co-operation Development) countries, and the eight
largest in the world (Chang et al., 2009; Naranong & Naranong, 2006). Japan also had

excess mortality over Thailand for other digestive cancers. This finding is consistent
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with a study reporting that stomach cancer remains a leading cause of death in

Japanese population (Qui et al., 2009; Pham et al., 2010).

This study has some strength. The doughnut plots clearly show deaths
comparison between Thailand in 2005 and Japan in 2006. This useful method can be
applied to other available mortality data for comparison from two countries or

regions.

However, the doughnut plot is lack of information of age group and year
which may be useful for getting additional information. Further studies need to
include these factors to assess the burden of death by region in Thailand compared to

Japan using doughnut plot.

CONCLUSION

This study reveals that if the gender-age specific death rate in Thailand were
the same as in Japan, the total number of deaths would be only 53% of the number of
deaths in Thailand in 2005. Thus, the cause-specific excess deaths remain in Thailand,
and this imposes a significant public health burden that demands attention and action

by health policy-makers.
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Abstract

Background: Stroke is a major health problem in Thailand. Several studies compared
stroke deaths between populations and always provide the results based on
Standardized Mortality Ratio (SMR). This study aims to compare stroke death rates
between two populations using Poisson regression model. The model is directly

provide 95% CI and p-value.

Methods: The stroke deaths for Suphan Buri and Bangkok in 2005 were analyzed
after adjusting for misclassification of cause of death. Age-standardization was used
to adjust for population differences in gender and age group. SMR was used to
explore deaths. A Poisson model was used to compare stroke death rates after

adjusting for demographic factors.

Results: SMRs were greater than 1 for both males and females. These SMRs
indicated that there were excess stroke deaths for both males and females in Suphan
Buri compared to Bangkok. The Poisson model was fitted well with the stroke data.

The stroke death rates (per 100,000 population) was statistically significant higher in
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Suphan Buri (232, [95%CI 218, 248]) than those in Bangkok (193) after adjusting for
gender-age-group. The rates were higher for males than for females in all age groups

under 80 years.

Conclusions: Increasing efforts in health care and stroke prevention should target at
males in suburban areas. The statistical methods used in this study can be applied to

any regions for comparing cause-specific mortality between populations.

Keywords: Bangkok, Poisson regression, standardization, stroke, Suphan Buri

Introduction

Stroke is the leading cause of death and the leading cause of adult disability
worldwide.® The number of stroke deaths, particularly in developing countries, is
expected to increase in future due to ageing populations, the effects of smoking, and
the rising burden of diabetes and hypertension.? In Thailand, stroke is a major health
problem. It is also a leading cause of deaths and a leading cause of disability among
persons ages more than 45 years old.* The geographical variation of stroke deaths
between the five regions were observed with the highest prevalence in the central
region (2.41%), followed by the southern (2.29%), northern (1.46%), and north-
eastern regions (1.09%).* Understanding the geographical variation of stroke is

essential for health care planning and resource allocation.

Developed countries have systems in place for assessing causes of death in the
population and their mortality statistics are reliable. Most developing countries do not
have such systems. Although some countries including Thailand have such systems,

causes of death are often misclassified.” The poor quality data in Thailand because
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40% deaths are ill-defined.> Therefore, it needs adjustment to provide national deaths
statistics. Methods for adjustments based on verbal autopsy (VA) data in 2005 using

cross referencing method ®®and logistic regression model®*° have been published.

High stroke prevalence was reported in central region. This region comprises 11
provinces, only Suphan Buri and Bangkok were selected in the VA study.’ Suphan
Buri is a suburban area which is located northwest of Bangkok, and has population
density in the range 100-250 persons per square kilometer, whereas Bangkok is the
capital city of Thailand, and has population density in the range 400-4,060 persons
per square kilometer .** In addition, health care systems are located to a greater extent
in Bangkok than in Suphan Buri and other places in Thailand. For these reasons our
study assessed this geographical health disparity by comparing stroke mortality
between Suphan Buri and Bangkok.

There have been several studies that compared deaths including stroke between

populations'?™*

and they used age-standardization methods to adjust the population
difference in age distribution, and always provide the results based on the SMR.
However, these analysis methods were not based on the statistical significant test.
When using SMR, its precision should be calculated.'®*" Since this method does not

directly provide 95%CI and p-values an appropriate statistical model is needed.

This study uses SMR and Poisson regression to analyze stroke mortality data of
Supan Buri and Bangkok. A Poisson model is generally applied in situation with the
outcome variable is count.*® Generally, mortality counts data has Poisson distribution.

There are some situations that over dispersion occur. In this case negative binomial



model can be applied.'®*® The objective of the analysis is to compare stroke death

rates for persons aged 30 years or more between two populations.
Methods

Data sources and management

This study uses the 2005 verbal autopsy (VA), Thai death registration (DR), and
projected population in 2005. The 2005 VA and DR data were obtained from the
Bureau of Health Policy and Strategy, Ministry of Public Health. The VA data was
used to adjust for numbers of stroke death in the DR database. The detailed of
adjustment methods were provided elsewhere.®*° These methods were summarized in

Figure 1.

Thai DR data in 2003
(misclassification cause of death)

- VA datain 2003

- create 21 major cause
groups

adjust for
misclassification - fit logistic regression
model for stroke

- estimate coefficients
for provinces outside the
VA study

- estimate probabilities
x of stroke for 76
VA-assessed deaths in 2003 provinces
(reallocated deaths into more
credible cause)

l

A4 r

Other provinces Bangkok, Suphan Burni

Figure 1: Diagram for estimating stroke deaths.



We began with analysis of the VA data used chapter-block classification of ICD-10
codes?®, where blocks are classified mainly by human organs, creating 21 major cause
groups with VA counts. A logistic regression model was fitted to stroke cause with
demographic (province, gender, age-group) and medical (reported cause group and
location) factors as determinants. A Receiver Operating Characteristic (ROC) was

used to assess the model.?*

A spatial triangulation method was used to estimate
coefficients for the provinces outside the VA study. The estimated probabilities from
the model were applied to the DR data giving the VA-assessed stroke deaths for the
whole of Thailand. Then VA-assessed stroke deaths in Suphan Buri and Bangkok

were chosen for comparison.

The 2005 projected populations for Suphan Buri and Bangkok were used. The
projection method is based on the assumptions about mortality and female fertility.?*
2% We developed a mathematical model for projection, which is formulated in terms of
the size of the population, the mortality and fertility rate per unit population. To avoid
the estimation of the age-specific fertility, we assume that births decrease by 2%
annually. From the model we start with gender-specific population census age
distributions in 2000, and we used reported death rates by age and gender from 2000
to 2009. Thus projected populations for the whole of Thailand from 2000 to 2009
were obtained. Finally, Population in 2005 for Suphan Buri and Bangkok were chosen

for comparison.

Preliminary analysis

Suphan Buri and Bangkok have different age distributions. We applied Bangkok’s

gender age-specific stroke death rates to the Suphan Buri population. This calculation
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provides the expected number of stroke deaths by gender (male and female) and age
group (30-39, 40-49, 50-59, 60-69, 70-79, 80+) for Suphan Buri, based on

corresponding rates for Bangkok.

For each gender, the SMR was then calculated by dividing the total number of
observed deaths by the total number of expected deaths. If SMR is greater than 1,

there is said to be “excess deaths” in the study population.

Poisson regression model

The stroke counts data was used. Poisson generalized linear model was used for count
data. Suppose that n; is the number of observed stroke deaths in province i, gender-
age group j, and that P is the population at risk per 100,000 for each data cell.

Denoting the corresponding mean death rate by 4., where

In(2; /1 P;) =+ + B 1)

In this model, x is a constant, «;and S, are province and gender-age group,

respectively. The generalized linear model based on Poisson distribution with mean

A;and P;is and offset.’® The Poisson distribution has only the single parameter 1,
and the variance is also 1 .

Plot of residuals against normal quantiles is used to assess how well a model fits the
data. For Poisson model deviance residuals based on the likelihood are recommended.
The plotted residuals should follow a straight line on the plot corresponding to the

normal quantiles.



The model results were presented as a graph of adjusted death rates with their
corresponding 95% confidence intervals. The plots can be used to display the pattern

of death rates for each factor adjusted for other factor.

R program version 3.2.1%* was used for data management, statistical analysis and

graphical displays.

Results

Projected population for Suphan Buri is approximately 481,868 (227,151 for males
and 254,717 for females) and for Bangkok is approximately 3,797,176 (1,746,299 for

males and 2,050,877 for females).

VA-assessed stroke deaths for Suphan Buri is 1,119 (559 for males and 560 for

females) and for Bangkok is 4,724 (2,523 for males and 2,201 for females)
Age distribution for Suphan Buri and Bangkok

Figure 2 shows population’s age distribution for Suphan Buri and Bangkok by gender.
The left panel shows age distribution for males and the right panel for females. Bar
strips represent the proportions of population for each province by age-group. Suphan
Buri and Bangkok have different age distributions. Bangkok has a greater proportion
of population aged 30-49 years for both males and females than Suphan Buri whereas

Suphan Buri has a higher proportion of females aged 60 years or more.
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Percentage of population by age 30 or more (male) Percentage of population by age 30 or more (female)
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Figure 2: Percentage of population age distribution for Suphan Buri and Bangkok by

gender for population aged 30 or more.
Age-specific stroke death rates

Figure 3 shows age-specific stroke death rates by gender. Blue strips represent the
rates for Bankok and the superimposed magenta strips represent rates for Suphan
Buri. For clarity, a cube root y-axis scale is used. Bangkok population has lower
stroke death rates than those in Suphan Buri in every age group. The rates for males
were greater than those for females in all age group with the exception for female
aged 80 or more for both Suphan Buri and Bangkok. Males aged 80 or more and
female aged 60-69 has similar age-specific death rates between Suphan Buri and
Bangkok. However, this graph does not accurately depict the extra burden of death in
Suphan Buri compared to Bangkok because Suphan Buri and Bangkok have different

population size and age distribution.



Age-specific stroke death rate/100,000

age group
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Figure 3: Age-specific stroke death rates for Suphan Buri and Bangkok for

population aged 30 or more.
Age-standardized stroke deaths

Applying Bangkok gender age-specific stroke death rates to the Suphan Buri
population, the total number of stroke deaths for Bangkok (929) would be 83% of the
number of stroke deaths in Suphan Buri (1,119) as shown in Figure 4. The excess
stroke deaths in Suphan Buri are only 16% for males although female deaths are 26%
higher. The graph shows that Suphan Buri excess stroke death rates are higher than
those for Bangkok in every age group. To detect statistical significant excess an

appropriate statistical model is needed.
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Age-standardized stroke deaths

age group EBangkok 2005
3004 1 30-39 4 60-69 B Suphan Buri 2005 excess
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Figure 4: Age-standardized stroke deaths for Suphan Buri and Bangkok by gender-

age group for population aged 30 or more.

Statistical model results

The results from Poisson regression model are presented in Figure 5. The above panel
shows residual plot. The model was fitted well with the data, and the chi-squared test
(p-value= 0.4087) indicates that the fit is statistically acceptable. The lower panel
shows the adjusted stroke death rates with 95% confidence intervals. These
confidence intervals compare death rate in Suphan Buri with Bangkok. Bangkok is a
reference group for province and males aged 70-79 is a reference group for gender-
age group. The plus and dot symbols denoted the unadjusted (“crude”) and adjusted
death rates, respectively. There is a little difference between the crude and adjusted

death rates, so there is little evidence of confounding.

The stroke death rates (per 100,000 population) was statistically significant higher in
Suphan Buri (232, [95%CI: 218, 248]) than those in Bangkok (193) after adjusting for
gender-age group. Rates were higher in males than in females in every age group

under 80 years.



Deviance residuals: prov+gender ageGrp model

Deviance: 11.4 df: 11
p-value: 0.40874

7 e 0 1 2
Theoretical Quantiles
Stroke death rate/100,000 (adjusted) in 2005
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Figure 5: Poisson regression analysis for comparing stroke death rates between
Suphan Buri and Bangkok after adjusting for gender-age group, with these factors
unadjusted (denoted by + symbols) and after adjusting for other factor (denoted by
symbol): Bangkok as a reference group for province and male aged 70-79 as a

reference group for gender-age group.

Discussion

This study used appropriate methods for comparing stroke death rates between two
populations in suburban (Suphan Buri) and urban city (Bangkok). The methods

involved SMR and Poisson regression model.
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The SMRs were greater than 1 for both males and females. These SMRs indicates that
there were excess stroke deaths in Suphan Buri for both males and females. Several
studies have used SMRs to measure all cause and cause-specific excess deaths
including stroke.™ 22 However, the main objectives of these studies was not

compare death rates based on the statistical model.

Our study used a Poisson regression model to compare stroke death rates between
populations. The model provided a good fit to stroke mortality data. This model gives
death rates for a factor (province) adjusted for other factor (gender-age group). A
Poisson model has the advantage over the SMR method as it directly provides a 95%
confidence interval and p-value for adjusted death rates. Moreover, it can include
several factors for analysis and can also extend to negative binomial model to allow
for over dispersion. Therefore it helps to facilitate comparison of death rates between

populations.

The adjusted stroke death rate from the model was much higher in Suphan Buri than
in Bangkok. This mortality disparity may partly be due to differences in access to
quality stroke care and the prevalence of stroke risk factors among these areas.?’?* An
important understanding of these situations will assist in efforts to reduce health

disparities.

Suphan Buri was found to be high in prevalence of hypertension which is a major risk
factor of stroke.™ A study in China showed that the overall relative risk of stroke
associated with hypertension was 5.43.%° This evidence led to more emphasis in its
prevention, and therefore more emphasis given towards rising hypertension,

especially in population who live in suburban areas such as Suphan Buri.™
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Our finding also found that stroke death rates for males were greater than those for
females with an exception for females aged 80 years or more. Excess female stroke

mortality needs to be investigated further.

Using estimated deaths based on more accurate ICD-10 diagnosis from the 2005 VA
data has the obvious advantage that it is reporting the real situation within a

population. It gives a sense of anchorage in understanding prevailing epidemiological
conditions, and, in doing so, enables the development of context-specific program for

improving the health of that population.? *°

Further investigation will be needed to investigate the differences in health care
resources, lifestyle behavior, and other risk factors in suburban and urban areas that

might explain the suburban/urban difference in stroke death rates.

Conclusion

This study reveals that age-standardization must be used to adjust for population
differences in age distribution. SMR was used to explore excess deaths and Poisson
model was used to compare death rates after adjusting for demographic factors.
Stroke is still the main threat to the health of population in Suphan Buri (suburban
area). The statistical methods used in this study can be applied to other regions for

comparing death rates between populations.
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Abstract

Causes of deaths in Thailand are misreported because about 40% of deaths have been
recorded as ill-defined. This study aims to offer statistical methods to correct
misreported multinomial outcome. The methods involve analysis of verbal autopsy
(VA) data. Since the outcome is a nominal variable with 21 levels, the appropriate
model for systematic analysis of death by ICD-10 code is multinomial regression.
However, it is simpler and more informative to separately fit logistic regression
models to the 21 outcome cause groups, and then rescale the results to ensure that the
total number of estimated deaths for each group match those reported in the
corresponding populations. This method also gives confidence intervals for
percentages of deaths in cause groups for levels of each risk factor adjusted for other
risk factors. These confidence intervals are compared with bar charts of sample
percentages to assess evidence of confounding bias. Area plots are used to show
results by gender, age group and year. The methods were illustrated using stroke

deaths.
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Introduction

Mortality statistics are important for measuring health status at global and
national levels. The World Health Organization (WHO) has used mortality statistics
as indicators for global health [1]. National mortality statistics reflect the quality of
life of people and provide useful information for priority setting and resource

allocation in a country.

Data quality is a main issue to provide accurate mortality statistics especially in
developing countries. In Thailand, under-registration and ill-defined causes of death
are reported [2-4]. These lead to some degree of misclassification of causes of death

for example, septicemia is over-reported but stroke and others are under-reported [5].

A verbal autopsy (VA) study has been widely used for the assessment of cause
of death in countries where death registration (DR) systems are fragile and most
people die at home without medical certification of cause of death. The VA method
determines the cause of death from data collected about the symptoms and signs of
illness and the events preceding death. It has procedures to ensure that the causes of

death collected are of high quality [6-9].

Estimated causes of death based on the VA data have been published [7-8, 18,
22-23]. They are using and not using statistical model. A benefit of using statistical

models is that several factors can be investigated and the effect of one factor can be
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adjusted for other factors. Moreover, a statistical model can detect confounding that

biases the results.

This study offers methods for correcting multinomial outcome data with
application to stroke mortality in Thailand. The methods involve analysis of 2005 VA
sample. The multinomial outcome is cause of death comprising 21 categories.
Demographic factors, province of residence, location of death, and registered cause of
death are determinants. Since the outcome is nominal variable with 21 levels, the
appropriate model for systematic analysis of death by ICD-10 code is multinomial
regression. However, it is simpler and more informative to separately fit logistic
regression models to 21 outcome cause groups, and rescale the results to ensure that
the total numbers of estimated deaths for each group match those reported in the
corresponding populations. The methods were illustrated using stroke mortality. A
previous cross-reference analysis of the 2005 VA data reported that stroke was a
leading cause of death in Thailand, causing 10.7% of deaths [8]. Moreover, stroke
was reported as a leading cause of disability and death among people aged 45 years
and older [10]. Stroke prevalence also varies with demographic and geographic

factors [11].

Materials and Methods

The VA data and death registration (DR) data were used. These were obtained
from the Bureau of Health Policy and Strategy, Ministry of Public Health. The VA
survey was carried out in 2005 by the Setting Priorities using Information on Cost-
Effectiveness (SPICE) analysis project to assess causes of death based on a sample of

9,644 deaths (3,316 in-hospital and 6,328 outside-hospital deaths). A clustered sample
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was taken from 28 selected districts in nine provinces. Districts were selected by two-
stage stratification where Bangkok and pairs of provinces from four regions were first
randomly selected. Stratification was based on the number of deaths in the regional
province or district. Then, a number of death certificates to be assessed were
randomly selected form the 28 districts using Probability Proportional to Size (PPS)

method.

For this study, the sample was reduced to 9,495 deaths aged five years and
older. We used the chapter-block classification of ICD-10 codes based on mortality
tabulation [12], creating 21 major cause groups. These groups required adequate
sample sizes enough for statistical analysis. The groups with small counts were
combined into a larger group as “All other”. The sample sizes vary from 77 (0.8%)

for septicemia (ICD code A40-A41) to 1,076 (11.3%) for stroke (ICD code 160-169).

The outcome is cause of death and a nominal variable with 21 levels as shown in
Table 1. It can be analyzed using a multinomial regression model. However, logistic
regression model can also be used. Since logistic regression is appropriate for binary
outcome, the cause of death was considered as 21 binary variables. We create only
two cause groups where one group is the cause of interest and the other group
aggregates deaths from all other causes. For example, the outcome of interest is TB.
There are 195 deaths due to TB coded as 1 and 9,300 deaths due to all other causes
coded as 0. The outcome of interest is septicemia. There are 77 deaths due to
septicemia coded as 1 and 9,418 deaths due to all other causes coded as 0. The
outcome of interest is stroke with 1,076 cases coded as 1 and 8,419 deaths due to all

other causes coded as 0 and so on.



Table 1 Cause of deaths comprising 21 major cause groups

Cause of death dl\leZtrrr:?er of Percent
1:TB (A15-A19) 195 2.1
2:Septicemia (A40-A41) 77 0.8
3:HIV (B20-B24) 512 5.4
4:0ther Infectious (A, B) 219 2.3
5:Liver Cancer (C22) 500 5.3
6:Lung Cancer” (C30-C39) 320 34
7:Other Digestive Cancer (C15-C26) 290 3.1
8:0ther Cancer (C’, D00-D48) 697 7.3
9:Endocrine (E00-E99) 647 6.8
10:Mental, Nervous (F00-F99, G00-G99) 223 2.3
11:1schemic (120-125) 617 6.5
12:Stroke (160-169) Ho7 113
13:0ther CVD (I') 540 5.7
14:Respiratory (J00-J99) 801 8.4
15:Digestive (K00-K93) 489 5.2
16:GenitoUrinary (N00-N99) 412 4.3
17:11l-defined (RO0-R99) 501 53
18:Transport Accident (V00- VV99) 536 5.6
19:Other injury (W00-W99, X00-X59) 327 34
20:Suicide (X60-X84) 158 1.7
21:All other 358 3.8
Total 9’42 1006

" Respiratory/thoracic, ‘exclude above

The determinants were gender-age group, location of death, province, and
registered cause on the death certificates for a particular outcome. Gender and age
group were combined. The number of levels in the gender-age group factor depends

on the age distribution of deaths from the selected outcome. For stroke we chose 12
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levels of a gender-age group factor with the two gender and six age groups (5-39, 40-

49, 50-59, 60-69, 70-79 and 80+).

Similarly the number of levels in the DR-cause location factor depends on the
number of such reported cause groups that affect the outcome cause group. For stroke
we chose 18 levels of a DR-cause location factor with the two locations (in or outside
hospitals) and nine DR-reported ICD-10 coded cause groups most likely to be stroke
(stroke, ill-defined, septicemia, respiratory disease, mental and nervous, other

cardiovascular diseases, endocrine all other, and other groups).

The province factor has nine levels corresponding to the nine provinces in the
VA sample (ChiangRai, Phayao, Loei, UbonRatchathani, Supan Buri, Nakhonnayok,

Bangkok, Chumpon, and Songkla).

The logistic regression model [11] formulates the logit of the probability of
death due to the specified cause group as an additive linear function of the three

determinant factors as follows.

logit(pijk) = log(pi/(1-Ppijk)) = 1+ ai+ Bj + v« 1)
where pjj is the probability of the specified cause group in each of the i, j and k

groups of determinant factors, | is a constant, o, Bj, and yx refer to effects of the

province, gender-age group and DR-cause location, respectively.

This model also gives confidence intervals for percentages of stroke deaths for
levels of each risk factor adjusted for other risk factors using sum contrasts methods

[13-16].



The confidence intervals based on sum contrasts has an advantage that they
provide a simple criterion for classifying levels of the factor into three groups
according to whether each corresponding confidence interval exceeds, crosses, or is
below the overall percentage. They are more appropriate compared to the
corresponding confidence intervals based on the treatment contrasts. The confidence
intervals compared percentage of the specified cause group in each category with the
overall percentage. They applied equitably to each category, whereas the commonly
used confidence intervals based on treatment contrasts measured the difference from a
reference group that is taken to be fixed and thus does not have a confidence interval.
These confidence intervals are compared with bar charts of sample percentages to

assess evidence of confounding bias.

Receiver Operating Characteristic (ROC) curve is used to assess the model’s
ability to distinguish between stroke deaths and others [17]. The ROC curve gives
error rate. It plots sensitivity against the false positive rate to show how well a model

predicts a binary outcome.

Since only nine of 76 provinces were in the VA survey, a spatial triangulation

method [18-19] was used to interpolate the province effects outside the VA study.

The model results were applied to number of death in the DR data and thus the
estimated numbers of stroke death were obtained. The VA/DR inflation factors (IF)
greater than one reflects under-reported. Area plots are used to show results by
gender, age group and year. Estimating number of deaths for the whole of Thailand is

as follows.

78



79

Step 1: VA data in 2005 with 9,495 deaths aged five years and older

Step 2: There are 21 major cause groups (21 binary outcomes)

Step 3: Cross tabulation between VA and DR cause group

Step 4: Separately fit logistic regression models to the 21 outcome cause groups
Step 5: Estimate coefficients for provinces outside the VA study

Step 6: Estimate probabilities of the specified cause group for 76 provinces
Step 7: Applied the probabilities to the DR data in 1996-2009

Step 8: Obtain VA-assessed deaths in 1996-2009

To illustrate these methods we applied them to stroke deaths. The graphical

displays and statistical analyses were performed using R program [20].

Results and discussion

Results

The VA data comprise 9,495 deaths aged five year and older. Of the 9,495
deaths, 1,076 deaths (386 in-hospital and 690 outside hospital deaths) were verified
cause of death as stroke. The nine DR-cause groups most likely to be stroke were
stroke (267), ill-defined (535), septicemia (60), respiratory (45), mental and nerve
(42), other CVD (35), all other (31), endocrine (13), and the rest were aggregated to

other group with small number of cases (48).

The p-values based on the logistic regression model were highly statistically
significant for DR-cause location, gender-age group and province. Figure 1

shows bar charts of percentage of stroke deaths superimposed with adjusted
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percentages and their corresponding 95% confidence intervals. The horizontal red line

was the average percentage of stroke deaths (11.3%).

The 95% confidence intervals of percentages of stroke deaths in Bangkok,
Suphan Buri and Songkhla were higher than the average. The adjusted percentages of
stroke deaths for males in age groups 60-79 years and for females in age groups 70

years and older were above the average.

The misreported causes of stroke outside hospital were mental and nerve, ill-
defined, other CVD and all other inside hospital. For outside hospital, 37.1% of
mental and nerve, and 25.7% of other cardiovascular diseases were deaths due to
stroke. On the other hand, in hospital 22.5% of all other causes were deaths due to

stroke.

Adjusted percentage of stroke deaths
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Figure 1 Adjusted percentage of stroke death by province, gender-age and DR-cause.
Figure 2 shows the ROC curve. A cut-off point in the curve, where the

predicted number of stroke deaths (1,072) is close to the observed value (1,076) in the

VA data. The sensitivity is 41.6%, the specificity is 92.6%. The area under the curve



(AUC) is 0.67, indicating a model performance is moderate predicting. The model
estimated the proportion of other deaths (non-stroke) that was classified as stroke
(false-positive) 7.4% and the proportion of stroke deaths that were misclassified as
non-stroke deaths (false-negative) 58.4%. The ROC curve for the simple model with
only DR-cause location group as a determinant was also given. It shows that adding

province and age-group into the model decrease error rate by 10%.

ROC curve for simple model from VA study ROC curve for full model from VA study
sensitivity sensitivity
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Figure 2 ROC curve of stroke model.

The result from model developed from the sample data was then applied to the
DR data to estimate the number of stroke deaths in 2005. Figure 3 shows estimated
percentages of stroke deaths. The percentage of VVA-estimated stroke death was high
in central region (SingBuri, ChaiNat and SamutSongKhram) and low in upper north
(ChiangMai, ChiangRai, MaeHongSon, and Phayao) and north east (UdonThani,
SakonNakhon, NakhonPhanom, Kalasin, Mukdahan, MahaSarakham, RoiEt,

Yasothon, AmnatCharoen, Surin, SiSaKet and UbonRatchathani).
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Figure 3 Percentages of VA-estimated strokes in 2005.

Table 2 shows DR-reported and VA-estimated stroke deaths. The model

estimated stroke deaths as 24,110 (11.0%) in males and 21,913 (13.3%) in females.

The reported stroke deaths were 9,105 (4.2%) in males and 6,470 (3.9%) in females.

The inflation factors (IFs) show that deaths in all gender-age groups were

substantially under-reported, especially for age group 60 years and older.
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Table 2 DR-reported and VVA-estimated stroke deaths in 2005
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Gender DR % DR  VA-estimated % VA-estimated
age group stroke stroke stroke stroke IF
male 9,105 4.2 24,110 11.0 2.7
m:5-39 1,145 2.5 1,388 3.0 1.2
m:40-49 1,579 5.5 1,878 6.5 1.2
m:50-59 1,964 6.3 3,707 11.8 1.9
m:60-69 1,886 51 5,158 13.9 2.7
m:70-79 1,701 3.9 7,107 16.5 4.2
m:80+ 830 2.5 4,872 14.8 5.9
female 6,470 3.9 21,913 13.3 34
f:5-39 361 2.0 362 2.0 1.0
f:40-49 617 4.7 1,096 8.4 1.8
f:50-59 1,035 55 1,821 9.7 1.8
:60-69 1,339 4.9 3,083 11.2 2.3
f:70-79 1,805 4.5 6,773 16.7 3.8
f:80+ 1,313 2.8 8,778 18.6 6.7

Figure 4 shows area plots of DR reported, simple model estimated and full
model estimated number of deaths from stroke by gender-age groups in 1996-2009.

The area of each colour strip denotes the number of deaths in each age group.

The total numbers of deaths reported for 14 years are 157,537. The estimated
total numbers of stroke deaths from the simple and full models are 549,653 and
570,245, respectively. The total number of DR reported stroke deaths were lower than
those estimated by simple model and full model by factors of 3.49 and 3.61,

respectively.

The simple model gave large proportions of stroke deaths at ages below 40

years, these were reduced when full model was used. For the older age groups, cause
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of stroke deaths was already improved in accuracy by the simple model. The total

number of DR reported stroke deaths were lower than those estimated by simple
model and full model by factors of 3.28 and 3.27 for males. For females the total

number of DR reported stroke deaths were lower than those estimated by simple

model and full model by factors of 3.78 and 4.10.

The area plots for stroke deaths clearly reveal that numbers of deaths were under

reported especially for the earlier years. Similar patterns are seen with number of

deaths increase in recent years.
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Figure 4 Area plot of DR reported and VA estimated stroke deaths
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Death due to 21 causes was considered as a multinomial outcome. Since the

outcome is a nominal variable with 21 levels, the appropriate model for systematic

analysis of death by ICD-10 code is multinomial regression. However, it is simpler

and more informative to separately fit logistic regression models to each outcome
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cause groups, and then rescale the results to ensure that the total numbers of deaths

estimated for each group match those reported in the corresponding populations.

This study described the methods based on logistic regression for correcting
misreported cause of death and illustrated the methods using death from stroke. The
data were from 2005 VA sample. Separate logistic regression model of VA-assessed
causes of deaths with demographic factors is found to be appropriate to use. It
allowing for gender-age group, province, and DR-cause location predicted causes
specific deaths with higher sensitivity and specificity compared to those derived from
simple model (simple cross-referencing method) [8]. The models do not ensure that
adjusted death counts in each year match reported totals because they aggregate

results from separate logistic regression models.

Although multinomial model ensures that adjusted and reported totals match,
simply scaling totals from separate logistic models gives similar results. Advantage of
using logistic regression model to analyse data is that it can handle general
determinants. The logistic function has many desirable properties. Its range is
between 0 and 1 when the independent variable varies from -oo to oo, so the logistic
regression model can be used to model the probability of an individual death. In
addition, logistic regression can control confounding and assess interaction very
effectively when there are several confounders or the confounder is a continuous
variable [21]. Moreover, it can be used to calculate an odds ratio and its confidence
interval directly, so that the results can be interpreted easily. The probability of a

given subject death from a specific disease can also be calculated.



The model can be simply extended to the larger target population comprising all

deaths in Thailand for longer periods of time and other populations in similar context.

To reduce costs from conducting VA study for the whole country, we proposed
an analysis of the VA data using appropriate statistical methods to a large-scale VA

study, for example, in case of HIV [18], transport accident [22] and liver cancer [23].

The importance of evaluating the reliability and validity of causes of death in
mortality statistics has long been recognized in public health [24]. Periodic validation
of the quality of diagnostic information ensures that countries have a more confident
basis on which to develop their policies and guide health planning [25]. VA survey is
generally the most reliable method to determine causes of death [7, 26]. However,
conducting a survey is expensive and time consuming. It is important for public
authorizes to pay attention on quality of death registry rather than conducting verbal

autopsy.

This method enables public health researchers to estimate percentages of
specific causes of deaths in countries where there is low quality for recorded cause of

deaths but reliable sample data such as a VA study should be available.

The logistic regression was used to estimate number of stroke deaths with
province, gender-age group and cause-location from the VA data, which assessed the
true causes of death. All variables were statistically significant and the AUC indicated
model moderate predicting [27]. The model has ability to allocate misclassification of

stroke deaths by gender-age group, DR-cause location and province.
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The estimated numbers of death were higher than the DR reported. The percent
of deaths were higher than those from the previous publication based on the same data
set but use cross-referencing method based on proportionate mortality distributions
[8]. A model-based method allowing for gender-age group and province effects
predicted stroke death when compared with those stroke death derived from cross-

referencing from simple tabulation.

The stroke deaths were misclassified as nervous cause, and other cardiovascular
diseases. It agrees with a previous study which reported that some under reported

stroke deaths due to coding error was diagnosed as other cardiovascular diseases [5].

Stroke is a cause of death among elderly. It is not surprise that high percent of
stroke death were observed among people aged 60 and older. This may be related to
high prevalence of stoke among adults aged 75 years and older [11]. Another study

also supported that the average age of stroke onset was 65 years [28].

Geographical distribution of stroke deaths was higher in central region and
lower north-eastern region. The geographical variation on stroke deaths in 2000 has
been reported of high Standardized Mortality Ratio (SMR) in Bangkok and lowest in
upper north-eastern region [29]. In addition, Thailand Epidemiology Stroke found

stroke prevalence was highest in Bangkok and lowest in north-eastern region [11].

Our analysis has few limitations. The survey design did not stratify by strong a
predictor of the outcome such as registered cause. Thus the study sample may not
adequately cover the population at risk. For example, the Muslim majority districts

were not been selected.
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Conclusions

The methods enable health professionals to estimate any specific causes of
deaths in countries where causes of death are of low quality and reliable cause of
death from other sources are available. In addition, there is still a substantial

misclassification of stroke mortality according to our model.
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CHAPTER 4

Discussion and Conclusions

The main results are summarized in the first section of this chapter. The implications
and limitations are discussed in the later sections. Finally, the conclusion is made in

the last section.

4.1 Findings

This thesis provided methods for comparing two populations. The comparisons were
made on (1) Thai mortality data in 2005 and Japan in 2006, (2) stroke. Age-
standardization was used to adjust for population differences in gender and age group.
The population with lower age-standardized death rates was chose to be a standard
population. The methods to compare stroke death rates in Suphan Buri with Bangkok
in 2005 were also described. The methods involve SMR and Poisson regression
model. Since death due to 21 cause group was presented as a multinomial outcome,
multinomial regression model is suitable for analysis. However, it is simpler and more

informative to separately fit logistic regression models to each cause groups.

For study I, Thailand suffered 47% more deaths than would be expected if they had
experienced the same death rates as Japan. Of these, the first three larger excess
deaths were stroke, transport accident for males, and endocrine for female. In contrast,
in Japan, there were excess deaths for cause related to suicide and other digestive
cancer. Other CVD and lung cancer for males in Japan were marginally higher than

those in Thailand. This might be partly due to health disparity, especially for poorer
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people in Thailand, they still use health services less when they ill. This is because of

financial barriers (OECD/WHO, 2014). In contrast Japan has the advantage that most

people access to health care services and higher quality care than Thailand such as

care of stroke and cancer (OECD, 2013; Fukuda et al, 2004).

For study 11, SMRs were higher in Suphan Buri for both males and females. Using
Poison regression model to compare stroke death rates between populations, the
model provided a good fit to the data and gives death rates for two factors (province
and gender age group) adjusted for other factor. A Poisson model has the advantage
over the SMR method as it directly provides 95% confidence interval and p-value. We
found that the rate in Suphan Buri was higher than those in Bangkok. The rates were

higher for males than for females in all age groups under 80 years.

For study 111, death due to 21 major causes was presented as a multinomial outcome.
Multinomial regression model is appropriate for systematic analysis of death by ICD-
10 code. However, it is simpler and more informative to separately fit logistic
regression models to each cause group, and then rescale the results to ensure that the
totals numbers of estimated deaths match those reported deaths in the corresponding

populations.

Separate logistic regression model of VA-assessed causes of deaths with demographic
factors is found to be appropriate to use. It allowing for gender-age group, province,
and DR-cause location predicted causes specific deaths with higher sensitivity and
specificity compared to those derived from simple model (simple cross-referencing

method) (Porapakkham et al., 2010).
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Advantage of using logistic regression model to analyze data is that it can handle
general determinants. In addition, logistic regression can control confounding and
assess interaction very effectively when there are several confounders or the
confounder is a continuous variable (Hosmer and Lemeshow, 2010). Moreover, it can
be used to calculate an odds ratio and its confidence interval directly, so that the
results can be interpreted easily. The probability of a given subject death from a

specific disease can also be calculated.

4.2 Implications

The larger cause-specific excess deaths in Thailand provide a better picture for health
authorities to help design prevention program in which cause of death is relatively

high.

Stroke is the main threat to the health of population in Suphan Buri or suburban areas.
Increasing efforts in health care and stroke prevention should target suburban areas.
Understanding these relationships illuminates areas where resources can be targeted

toward strategies that will extend years of life.

4.3 Limitations and Further study

In the study | we used doughnut plots to represent the 21 cause-specific excess death
by gender more clearly. However, it is lack of information of age group and year
which may help us in getting additional information. Further studies need to include
these factors to assess burden of deaths by region in Thailand compared to Japan

using doughnut plot.



A multinomial model may be needed to identify significant excess. However, the
multinomial model of outcome with several categories (21 cause groups) provided

less interpretable results.

In the study II, further investigation will be also needed to investigate the differences
in health care resources, lifestyle behavior, and other risk factors in suburban and

urban areas that might explain the suburban/urban difference in stroke death rates.

In the study Il1, The survey design did not stratify by strong a predictor of the
outcome such as registered cause. Thus the study sample may not adequately cover
the population at risk. For example, the Muslim majority districts were not been

selected.

4.4 Conclusions

In the study I, we compared 21 cause-specific deaths in Thailand in 2005 with Japan
in 2006. It shows that if the age-specific death rates in Thailand were the same as in
Japan (standard population), the total number of deaths would be only 53% of the
number of deaths in Thailand in 2005. Thus health inequality cause-specific excess
deaths remain in Thailand, and impose a significant public health burden that demand

attention and action by health policy maker.

Doughnut plots is an effectively graph to show cause-specific excess deaths by
gender. Stroke is the main excess deaths in Thailand in 2005 whereas suicide is the

main excess deaths in Japan.

In the study II, it reveals that age-standardization must be used to adjust for

population differences in age distribution. SMR was used to explore deaths and
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Poisson model was used to compare death rate after adjusting for demographic
factors. The statistical methods used in this study can be applied to other cause and

also other regions for comparing death rates between populations.

Appropriate graphs from the statistical results provide useful tools for assessing

mortality disparity between populations.

In the study 11, the 21 causes group was presented as a multinomial outcome.
Multinomial regression is appropriate for analyses this outcome. However, it is
simpler and more informative to separately fit logistic regression models to each
cause groups, and then rescale the results to ensure that the total numbers of deaths

estimated for each group match those reported.

The methods used enable health professionals to estimate any specific causes of
deaths in countries where causes of death are of low quality and reliable cause of

death from other sources are available.
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