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Abstract

This study aimed to compare stroke death rates between two populations using Poisson
regression model. 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. Standardized mortality ratio (SMR) was used to explore deaths. A Poisson
model was used to compare stroke death rates after adjusting for demographic factors. The results
showed that 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 rate was statistically significant
higher in Suphan Buri than those in Bangkok after adjusting for gender-age-group. The rates were
higher for males than for females in all age groups under 80 years. Therefore, 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 other regions in Thailand and to other countries for comparing cause-

specific mortality between populations.

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

*Ph.D. student, Research Methodology, Mathematics and Computer Science, Faculty of Science and Technology,
Prince of Songkla University, Pattani Campus, and Centre of Excellence in Mathematics, CHE, Si Ayutthaya Rd., Bangkok 10400,
Thailand.

“Dr. (Statistics) Asst. Prof., Mathematics and Computer Science, Faculty of Science and Technology, Prince of
Songkla University, Pattani Campus.

e Dr. (Research Methodology), the office of Diseases Prevention and control 2Ih Phitsanulok, Phitsanulok.




119815 AL-NUR tufinanenas wAvenaeniell

T 12 iU 23 (2.4 2 nangAn-Funen 2560) 53 July-December 2017

Introduction
Stroke is the second leading cause of death and the leading cause of adult disability worldwide

(Mathers and Loncar, 2006). The number of stroke deaths, particularly in developing countries, is
expected to increase in future due to ageing populations, the effects of tobacco use, and the rising

burden of hypertension and diabetes (Hoy et al, 2013).

In Thailand, more than 300,000 die every year. These deaths comprise more than 50,000
reported annually for stroke from the Thai Ministry of Public Health, which is a major health burden in
Thailand. It is also the leading cause of death and long term disability in both males and females (Rao et
al., 2010). Another study (Suwanwela, 2014) found the prevalence of stroke to be 1.88% among adults
45 years or more. It is more prevalent in men than women and the mean age of onset is 65 years.
There is also a variation of stroke deaths between the five regions of Thailand 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%).

Place of residence is an important determinant of population health (Tideman et al., 2014). In
many settings worldwide, there is underinvestment in health-promoting infrastructure and geographical
health disparities exist. The health of persons living in suburban area is worse in many dimensions
compared with urban populations. In order to assess geographical health disparities, focusing on a
specific area can clarify understanding of disparities (Fukuda, Nakamura and Takano, 2004; Rodriguez -

Fonseca et al., 2013).

The central region of Thailand comprises 11 provinces. Of these, Suphan Buri and Bangkok were
sampled in the 2005 Verbal Autopsy (VA) survey (Rao et al., 2010). VA studies are widely used to verify
causes of death where mortality data are of poor quality (Rao et al.,, 2010; Klinjun, Lim and

Bundhamcharoen, 2014; Herbst, Mafojane and Newell, 2011).

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 (National
Statistical Office, 2000). 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. Moreover a
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comparison based on the magnitude of health disparities is of key importance in identifying opportunities

to reduce health disparity.

Comparison of mortality between populations requires a method known as age- standardization.
This method provides a summary measure that controls for the population age distribution (Curtin and
Klein, 1996). Several studies represent the mortality difference based on the Standardized Mortality
Ratio (SMR) (Anderson et al., 1998; Sather et al., 2005; Torrey and Haub, 2004). However, few studies
evaluate mortality differences using statistical models, and modeling provides a means of gaining insight

into details of health disparities.

This study describes methods for comparing stroke death rates for persons aged 30 years or
more between two populations. The methods involve first estimating the number of stroke deaths after
adjusting for misclassification of cause of death based on more accurate ICD-10 diagnosis from the 2005
VA survey. Second, age-standardization was used to compare populations with different age
distributions. Third, the Poisson model was then used to compare stroke death rates after adjusting for

demographic factors.

Methods

Data sources and management

The 2005 verbal autopsy (VA) and Thai death registration (DR) data were used to estimate
numbers of stroke death. Both databases were obtained from the Bureau of Health Policy and Strategy,
Ministry of Public Health. 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 is known that the DR data misclassifies cause of death (Mathers et al.,, 2005). The
misclassification was corrected using the VA data, based on a method described in detailed by
Chutinantakul et al (Chutinantakul et al., 2014). Figure 1 shows a flow diagram for estimating stroke
deaths. Data management began with systematic analysis of the VA data used chapter-block
classification of ICD-10 codes (WHO, 2004), 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 (Sakar and

AR-1US
u



119815 AL-NUR tufinanenas wAvenaeniell

1191 12 1707t 23 (2.7 2 nangAw-Fuanen 2560) 55 July-December 2017

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
estimated numbers of stroke deaths for the whole of Thailand. Then deaths in Suphan Buri and Bangkok

were chosen for comparison.

R o
Thai DR data in 2005
(misclassification cause of death)
TR i YT
- VA data in 2005
= =
- create 21 magor cause
groups
Adiusting method - fit logistic regression
. ---------------
moade! for stroke
- estmate coefficients for
proviness outside VA
- estimate prosaniites of
|l’
2 stemve fnr TR neavnees
VA-ossessed deaths 2005 swroke for 76 provinces

3 ¥

Other provinces Bangkok, Suphan Bur

Figure 1. Diagram for estimating stroke deaths

The 2005 projected populations for Suphan Buri and Bangkok were used. The projection method
is based on the assumptions about mortality and female fertility: 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, thereafter assumed constant.
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Thus projected populations for the whole of Thailand from 2000 to 2009 were obtained. Finally Suphan

Buri and Bangkok were chosen for comparison.

Preliminary analysis

Suphan Buri and Bangkok have different age distributions. After age-standardization, we applied
Bangkok’s gender and age-specific death rates to the Suphan Buri population. This calculation provides
the expected number of 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
Standardized Mortality Ratio (SMR) was then calculated by dividing the total number of observed deaths
by the total number of expected deaths. Since this method does not directly provide confidence interval

and p-values, we fitted a statistical model based on Poisson generalized linear model.

Statistical methods

We considered Poisson regression for comparing stroke death rates after adjusting for gender-

age group (Venebles and Ripley, 2002).

The Poisson regression model is appropriate for modeling count data. The formulation for the
Poisson model is based on two set of predictors, if lij 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; /By) = u+a; + B;. (@)

In this model, «;and ,Bj are effects of province and gender-age group, respectively, which
sum to zero, and 4 is a constant encapsulating the overall the death rate. The Poisson distribution has

only the single parameter A, and the variance is also 4 .

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.
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Confidence intervals (Cls) were obtained from the model for comparing the death rates within
each factor with the reference group. The reference for gender-age group with maximum deaths was

chosen.

R program version 2.15.2 was used for data management, statistical analysis and graphical

displays (R core team, 2014).

Results

Comparison of population age distribution for Suphan Buri and Bangkok

Figure 2 shows population’s age distribution for Suphan Buri and Bangkok by gender. Bar strips
represent the proportions of population by age-group. These two populations have different age
distributions. Bangkok has a greater proportion of population aged 30-39 and 40-49 years for both
males and females than Suphan Buri whereas Suphan Buri has a higher proportion of people aged 60

years and older especially for females.

Percentage of population by age 30 or more (male) Percentage of population by age 30 or more (female)

age group ] 30-59 age group || 30-59
401 1 30-39 3 5059 5 7079 | W60+ ||%%]| 1 30-39 3 50-59 5 70-79 B 60+
2 40-49 4 60-69 6 80+ 2 40-49 4 60-69 6 80+ —
f — 301 ——
201 201
101 101
0 T T T T T T T T T T T T
192 3 4 5 B {1 2 3 4 b B 12 34 5 8 1723 4 5 6
Suphan Buri Bangkok Suphan Buri Bangkok

Figure 2. Percentage of population age distribution for Suphan Buri and Bangkok by gender for persons

aged 30 or more.

Comparison of age-specific death rates
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Figure 3 shows gender and age-specific stroke death rates. Both in Suphan Buri and Bangkok, rates for
males were greater than those for females under 80 year. Both sexes, Bangkok has lower rates than
those in Suphan Buri in every age group. For clarity, a cube root y-axis scale is used, however this

graphs do not accurately depict the extra burden of death in Suphan Buri compared to Bangkok.

Age-specific stroke death rate/100,000

age group
50001 1 30-39 4 60-69
2 40-49 5 70-79
3 50-59 6 80+
]
2000 —
]
500
N HH HH
0 lH T T T T T mﬂ T T T T
= 2088 g SIRE £ 2.8 4 BB
male female

Figure 3. Age-specific death rates for stroke between Suphan Buri and Bangkok by gender-age group

for persons aged 30 or more.

Comparison of age-standardized deaths

Applying Bangkok’s gender and 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%
(559/483) for males although female deaths are 26% (560/446) higher. Suphan Buri excess stroke
death rates are higher than 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 CBangkok 2005
3004 1 30-39 4 60-69 B Suphan Buri 2005 excess
2 40-49 5 70-79
250 3 50-59 6 80+ .
2001 Tot MSP: 559 Tot.FSP: 560
TotMBK: 483 [l Tot FBK: 446 .
1507
1001
50- H
1

2 3 4 5 6
male female

Figure 4. Age-standardized stroke deaths for Suphan Buri and Bangkok by gender-age

group for persons aged 30 or more.

Statistical model results

The results of the statistical analysis are presented in Figure 5. The plot in the upper panel
shows residual plot for the Poisson model. The model was fitted well with the data, and the chi-squared
test indicates that the fit is statistically acceptable. The lower panel shows the adjusted stroke death
rates with 95% confidence intervals. These confidence intervals use treatment contrasts to compare
death rate in Suphan Buri with Bangkok. Bangkok is a reference group for province and male aged 70-
79 is a reference group for gender-age group. The + symbols denoted the unadjusted (“crude”) death
rates. 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%Cl. 159-271) 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.
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Deviance residuals: prov+gender ageGrp model

1.07

Deviance: 11.4 df: 11

05{ p-value: 0.4087

2 A 0 1 2
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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 solid circle ): Bangkok as a reference group for province

and male aged 70-79 as a reference group for gender—-age group.

Discussion

In this study, SMR and Poisson model were the appropriate methods for comparing stroke death

rates between populations in suburban (Suphan Buri) and urban city (Bangkok).

The SMRs were higher in Suphan Buri for both males and females. Several studies have used
SMRs to compare all cause and cause-specific excess deaths including stroke (Fukuda, Nakamura and

Takano, 2004; Torrey and Haub, 2004; Faramnuayphol, Chongsuvivatwong and Pannarunothai, 2008).




119815 AL-NUR tufinanenas wAvenaeniell

7 12 21U 23 (2.4 2 nsngAN-5unen 2560) 61 July-December 2017

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 as shown in the upper panel plot on Figure 5. This
model 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 a 95% confidence interval
and p-value for adjusted death rates, therefore it helps to facilitate comparison of death rates between

populations.

It is known that Poisson regression is a method to model count data (Venables and Ripley,
2002). Previous studies were successfully used Poisson model to compare stroke mortality among
different populations (André et al., 2006; Saito et al., 2016). For example, it has been used to verify the
change for stroke mortality in different regions in Brazil from 1980 to 1982, 1990 to 1992 and 2000 to
2002 (André et al., 2006). The model clearly assesses the rates of changes in stroke mortality between

populations from five regions.

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 (Tideman et al., 2013; Yiengprugsawan et al.,
2010; OECD/WHO, 2014). 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 (Chongsuvivatwong et al., 2010). A study in China showed that the overall relative risk of stroke
associated with hypertension was 5.43 (Wang et al., 2009). 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 (Chongsuvivatwong et al., 2010).

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 in oldest age group

needs to be investigated further.
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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 (Hoy et al., 2013;

Klinjun, Lim and Bundhamcharoen, 2014).

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 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 in

Thailand and to other countries for comparing death rates between populations.
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