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Chapter 4

Discussion and Conclusions

4.1 Summary of overall findings

For missing demographic variables from 1996-2009, unknown province mostly
occurred in the youngest age group of 0-4 years and the working age group of 15-44
years whereas unknown age mostly occurred in the provinces of the central and the
southern regions. The percentages of unknown province were high in 2000-2004 (2%-
7%) and reduced to 0.01% in 2009. The unknown age steadily reduced from 4.8% in
1996 to 0.05% in 2009. All these indicated improvement of quality of DR data.
Overall deaths were high between aged 20 and 30 years in the early phase (1996) in

the northern part. This was less pronounced overtime.

From VA-assessed, HIV deaths were common in age group 20-39 years and more
likely in female young adults. These deaths were frequently classified in DR as death
from TB or from mental and nervous system disorders. Under-reporting in DR was
most common in the upper north and the upper south of the country in the working
age groups. VA-assessed HIV deaths gave results exceeding DR data by a factor of
3.09. In other words, DR data account for only one third of all VA-estimated HIV

deaths.

4.2 Discussion

Reasons for the absence of demographic details on death certificates could be due to

persons dying away from relatives and without ID cards. The age distribution of
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deaths with an unknown province of residence mostly occurred in the working
groups, suggesting that many such cases could be due to injuries occurring outside the
province of residence or migration. The number of deaths with unknown province
increased from 1996 to 2004, possibly partially due to migration because deaths
outside residence increased from 2.9% in 1996 to 11.1% in 2009 (Vapattanawong and

Saplon, 2011). Thus, it would be informative to investigate such cases further.

Unknown-age above average mainly occurred in the central region. Our findings
correspond to deaths outside residence mostly occurred in Bangkok and the central
region. Furthermore, deaths outside residence mostly occurred in the working age
group of 15-49 years that correspond to the same age groups of deaths with unknown
province. However, deaths with unknown age are higher among females whereas
deaths outside residence are higher in males (VVapattanawong and Saplon, 2011). It

needs further analysis.

Since death certificates in Thailand also provides information of the deceased
person’s age, sex and district (available from the Ministry of Interior), it is possible
that further accuracy could be gained by using the 926 districts into which the nation
is divided, rather than the 76 provinces. Faramnuayphol et al. (2008) used district as
the location factor in their regional comparison of cause-specific mortality, and Odton
et al. (2010b) used 235 aggregated districts with similar populations in their study of
regional variation of age-group and sex-adjusted all-cause mortality. However, neither
of these studies made adjustments for deaths reported with unknown region or age.
Although in a subsequent study, Odton et al. (2010a) investigated regional variations

in deaths reported with unknown cause, correcting for unknown cause in mortality
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data is essentially a different problem, because in this case there is no cause-specific

population denominator.

The full model for predicting HIV shows sensitivity, specificity, and AUC, better than
the simple cross-referencing model. The specificity level from our model was higher
than a verbal autopsy tool from Uganda, where sensitivity was not reported (Mayanja
et al., 2011). The cross-referencing method has been used in many previous studies
(Taffa et al., 2009; Choprapawon et al., 2005; Polprasert et al., 2010; Pattaraarchachai
et al., 2010; Porapakkham et al., 2010; Mayanja et al., 2011). Inadequate models can
give misleading or incorrect inferences (Sakar and Midi, 2010). Our study showed
that the use of this simple method should be discouraged because it distorts the HIV
death estimate in various demographic groups. This distortion can mislead priority
setting and resource allocation. Several studies have used logistic regression method
to correct missing data or handling misclassification of binary outcome (Duffy et al.,
2004; Li et al., 2004; Lyles et al., 2011). In addition, model-based methods are more
promised to dealing with missing data when compared to ad hoc methods (Pigott,

2001).

HIV deaths were found to be relatively common among deaths in the age group 20-39
years, in agreement with other studies (Yudkin et al.,2009; Punyacharoensin and
Viwatwongkasem, 2009). AIDS is estimated to be the largest causes of death in Asian
adults 15-44 years (Kerr and Phanuphak, 2009). Sex and residential area were found
significantly affected mortality among HIV/AIDS patients in the southern region
(Woradet et al., 2012). In high risk age groups (20-39 years), we found that

percentages of HIV deaths more severe for females that implied more
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misclassification in this sex and age range. This is possibly HIV infection groups have
changed over this period in Thailand. Before 1990, new HIV infections were highest
among those injecting drugs and clients of sex workers. During 1995-2005, they were
highest among the women with the category of housewife (The Thai Working Group
on HIV/AIDS Projections (2005), 2008). In other words, the most under-reporting of

HIV deaths was found in females rather than males.

Most misclassifications of HIV deaths were classified as TB or mental and nervous
system disorders. It is commonly known that TB and cryptococcal meningitis are the
leading causes of opportunistic infections among HIV patients (Kantipong et al.,
2012; Cain et al., 2009; Kitkungvan et al., 2008; Likittanasombut, 2004). These
infections were possibly recorded as the primary causes of death in death certificates
to avoid stigma to the family of the deceased, because the symptoms of TB and HIV
are very similar, or because the people reporting the death might not have access to
the results of a HIV test for the deceased. Another general condition often recorded
was “immunodeficiency (D849: immunodeficiency, unspecified)”. This might in fact
be the more specific “HIV/AIDS (B20-B24: Human immunodeficiency virus

disease)” in ICD-10 coding (Khonhan, 2009).

HIV mortality peaked in the upper north, especially in Phayao, because in the past
two decades the HIV epidemic has been most severe in the upper north
(Punyacharoensin and Viwatwongkasem, 2009; The Thai Working Group on
HIV/AIDS Projections 2005, 2008; Surasiengsunk et al., 1998; Bureau of
epidemiology, 2013; Chariyalertsak et al., 2001; Jones and Pardthaisong, 2000).

Projection by Surasiengsunk et al. (1998), one-third of HIV deaths were predicted in
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the northern region since 1987-2014. Those HIV deaths were higher in the upper
South than in the Central region in spite of the less severe HIV epidemic (Bureau of
epidemiology, 2013). HIV deaths in the South were more likely to be misclassified to
other causes, as the area was perceived to have low levels of HIV (Faramnuayphol et
al., 2008). In addition, mortality varies by geographic location and the South has the

lowest overall mortality (Faramnuayphol et al., 2008; Odton et al., 2010b).

This study shows DR-reporting of HIV deaths from 1996-2009 account for only one
third of all VA-estimated HIV deaths. Our VA-estimated HIV deaths underestimated
when compared with the AEM projections by the Thai Working Group on HIV/AIDS
(2008) in the same periods. The projection exceeded the DR-reported deaths by a
factor of 5 whereas our model exceeded the DR-reported deaths by a factor of 3.09.
This difference may be due to reporting of HIV deaths changed over the period 1996-
2005, and the VA study in 2005 could not take account of this change, particularly for
years before 2005 when reporting practices were distorted by the HIV epidemic (Hill
et al., 2007; Surasiengsunk et al., 1998). Im-em (2013) reported that only 30% of HIVV
deaths were reported in DR. This implied AEM projection might be an over estimate
because it used several epidemiological and behavioral data sources and projection

accuracy depends on data quality.

Porapakkham (2010) estimated HIV deaths in 2005 with results exceeding DR data by
a factor of 4.13 whereas our model gave results exceeding DR data by a factor of 2.8
in that year. This result is different because they estimated proportions of deaths

without using statistical modeling. The adjusted proportionate without model-based
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cannot be adjusted confounding factors. This can lead to distort the estimation in sex,

age groups and province.

However, the AEM projection of HIV deaths and HIV estimated deaths by
Porapakkham et al. (2010) cannot be compared directly with HIV estimates in this
study because the assumptions, methodologies and data used to produce the estimates

are qualitatively different.

4.3 Conclusions

Missing data and misclassification causes of death can be handled using logistic
regression model. Inadequate models can give misleading or incorrect inferences. The
causes of approximately two thirds of all HIV deaths estimated by the full model were
reported under other categories but HIV. This implied that the HIV epidemic which
was stigmatizing might have been tremendously unreported or reported as other
causes of death, especially among the migration young adult. Our results illustrated
under-reporting/misclassification of HIV deaths varying by sex, age group and
location. This indicates that demographic factors are important for correcting causes

of death.

4.4 Limitations

The limitations of the second Part and the third Part (B) need to be kept in mind.
There are five main grounds for claiming inefficiency of the 2005 VA study. First, the
sample survey design did not stratify by strong predictors of the outcome such as
reported cause and location inside or outside hospital. Instead, only the total number

of deaths was used, and this is a relatively weak predictor of causes of death.
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Second, the 2005 VA study used a design that may not have effectively covered the
population at risk. For example, no Muslim-majority districts were included in the

sample, even though Muslims comprise more than 5% of the Thai population.

Third, the VA study had sample sizes varying from 316 in Chumphon to 2,418 in
Ubon Ratchathani. This variation arose because simple random sampling (SRS) was
used at the final stage that the samples were allocated in proportion to the population.
This is not quite the same as probability-proportional-to-size (PPS) sampling
(Lumley, 2010). This method gives sample sizes that vary in proportion to the
populations of the regions. The accuracy of an estimate obtained by random sampling
depends mainly on the size of the sample and not the size of the population. Unless
the populations of the regions are of similar size, proportional allocation can give rise
to small samples with relatively large standard errors and resulting loss of accuracy.

Instead, it might be better to balance sample sizes across regions.

Fourth, we have assumed that the 2005 VA data can inform corrections in all years
between 1996 and 2009, while it is clear that the coverage of antiretroviral therapy
(ART) was near zero in 1996, 12% in 2003, 41% in 2005, and 76% in 2009. ART
coverage levels may be related to differences in misclassification of HIV-related
deaths that are not captured by our methods. Resulting estimates could have been
different had the 2005 VA study been conducted in 1996 (when ART programs just
started) or 2009 (when ART coverage was higher compared to 2005) (National AIDS

committee, 2013).

Finally, we have considered the 2005 VA study as a gold standard reference, while it

is clear that VA methods have their own biases and uncertainty, e.g. due to the
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similarity in signs and symptoms between TB and HIV, recall information bias in the
response interviews as well as potential for inconsistency of interviewer. In addition,
the model used in our study contains province as a determinant factor, but only nine
of Thailand’s 76 provinces were included in the VA study. Thus, the estimations must

be interpreted with caution.

4.5 Recommendations

Logistic regression method is straightforward, provides confidence intervals, and can
be generally used for eliminating biases due to cases with unknown values of
demographic factors in DR data and correcting under-reporting/misclassifications of
HIV deaths based on the 2005 VA data including triangulation method. Our methods
have the potential to add value to VA data, save costs of conducting VA surveys in

other developing countries and enhance performance of health personnel in research.

However, this study limits its focus on a single causes of death ie HIV. There are
other deceased that are also misclassified. Logistic regression may be inadequate to

solve multiple misclassification problems.

Results from this study will provide useful information for the Ministry of Public
Health in Thailand. DR data quality should be improved by carrying out capacity
building in the regions that missing values including misclassification causes of death
were presented with the full cooperation of the Ministry of Public Health and the
Ministry of Interior. Furthermore, dissemination of results will also useful for further
studies. Researchers can apply these methods to other multidisciplinary data such as

education, geographical etc.



76

References

Allison, P.D. 2012. Handling missing data by maximum likelihood. Proceedings of
the SAS Global Forum 2012, Orlando Florida, USA, April 22-25, 2012, paper

312-2012.

Bhargava, N., Bhargav, R. and Tanwar, P.S. 2013. Triangulated irregular network
model from mass points. International Journal of Advanced Computer research.

3(2), 172-176.

Birnbaum, J.K., Murray, C.J.L. and Lozano, R. 2011. Exposing misclassification
HIV/AIDS deaths in South Africa. Bulletin of the World Health Organization.

89, 278-285.

Bureau of epidemiology. 2013. AIDS situation.

http://www.boe.moph.go.th/report.php?cat=19&year=2010 [August 10, 2013].

Bureau of Policy and Strategy. 2010. Death registration database. Ministry of Public

Health.

Byass, P. 2010. Integrated multisource estimates of mortality for Thailand in 2005.

Population Health Matrics. 8(10).

Cain, K.P., Anekthananon, T., Burapat, C., Akksilp, S., Mankhatitham, W., Srinak,
C., Nateniyom, S., Sattayawuthipong, W., Tasaneeyapan, T. and Varma, J.K.
2009. Caused of death in HIV-infected persons who have Tuberculosis,

Thailand. Emerging Infectious Disease. 15(2), 258-264.


http://www.boe.moph.go.th/report.php?cat=19&year=2010

77

Carmichael, G.A. 2011. Exploring Thailand’s mortality transition with the aid of life

tables. Asia Pacific Viewpoint. 52(1), 85-105.

Chariyalertsak, S., Sirisanthana, T., Saengwonloey, O. and Nelson, K.E. 2001.
Clinical presentation and risk behaviors of patients with Acquired
Immunodeficiency Syndrome in Thailand, 1994-1998: regional variation and

temporal trends. Clinical Infectious Disease. 32, 955-962.

Chongsuvivatwong, V. 2007. Graphs, Tables and Equations for Health Research,

Bangkok, Thailand, pp. 373-378.

Choprapawon, C., Porapakkham, Y., Sablon, O., Panjajaru, R. and Jhantharatat, B.
2005. Thailand’s national death registration reform: verifying the causes of
death between July 1997 and December 1999. Asia-Pacific Journal of Public

Health. 17(2), 110-116.

Chutinantakul, A., Mayeng, M. and Tongkumchum, P. 2014a. Estimation of mortality
with missing data using logistic regression. Songklanakarin Journal of Science

and Technology. 36(2), 249-254.

Chutinantakul, A., Tongkumchum, P., Bundhamcharoen, K. and Chongsuvivatwong,
V. 2014b. Correcting and estimating HIV mortality in Thailand based on 2005
verbal autopsy data focusing on demographic factors, 1996-2009. Population

Health Matrics. 12(25).

Dong, Y and Peng, C.Y.J. 2013. Principled missing data methods for researchers.

Springer Plus. 2(222).



78

Duffy, S.W., Warwick, J., Williams, A.R.W., Keshavarz, H., Kaffashian, F., Rohan,
T.E., Nili, F. and Sadeghi-Hassanabadi, A. 2004. A simple model for potential
use with a misclassified binary outcome in epidemiology. Journal Epidemiology

Community Health. 58, 712-717.

Fallah, M. and Kharazmi, E. 2008. New methods of handling cases of unknown age in

cancer registry data. Asian Pacific Journal of Cancer Prevention. 9(2), 259-262.

Fan, J., Upadhye, S. and Worster, A. 2006. Understanding receiver operating
characteristic (ROC) curves. Canadian Journal of Emergency Medicine. 8(1),

19-20.

Faramnuayphol, P., Chongsuvivatwong, V. and Pannarunothai, S. 2008. Geographical
variation of mortality in Thailand. Journal of the Medical Association of

Thailand. 91(9), 1455-1460.

Fazito, E., Cuchi, P., Fat, D.M., Ghys, P.D., Pereira, M.G., Vasconcelos, A.M.N. and
Pascom, A.R.P. 2012. Identifying and quantifying misclassified and under-
reported AIDS deaths in Brazil: a retrospective analysis from 1985 to 2009.

Sexually Transmitted Infections. 88, i86-i94.

Grzybowski, M. and Younger, J. 1997. Statistical Methodology: I1l Receiver
Operating Characteristic (ROC) curves. Academic Emergency Medicine. 4(8),

818-826.



79

Hanjiang, X., Limin, T. and Long, S. 2008. A strategy to build a seamless multi-scale
TIN-DEM database. The International Archives of the Photogrammetry,

Remote Sensing and Spatial Information Sciences. 37, 83-86.

Hill, K., Vapattanawong, P., Prasartkul, P., Porapakkham, Y., Lim, S.S. and Lopez,
A.D. 2007. Epidemiologic transition interrupted: a reassessment of mortality
trends in Thailand, 1980-2000. International Journal of Epidemiology. 36, 374-

384.

Im-em, W. 2013. HIV deaths database-utility and trends changing.

http://www.ipsr.mahidol.ac.th/IPSR/AnnualConference/Conferencell/Article/Ar

ticlel1.htm [July 12, 2013]

Jones, H. and Pardthaisong, L. 2000. Demographic interactions and developmental
implications in the era of AIDS: findings from northern Thailand. Applied

Geography. 20(3), 255-275.

Kantipong, P., Murakami, K., Moolphate, S., Aung, M.N. and Yamada, N. 2012.
Causes of mortality among tuberculosis and HIV co-infected patients in Chiang

Rai, Northern Thailand. HIVV/AIDS-Research and Palliative Care. 4, 159-168.

Kerr, S and Phanuphak, P. 2009. An Asian perspective on HIV/AIDS. Asian

Biomedicine. 3(1), 9-14.

Khonhan, K. 2009. Quality of mortality data of HIVV/AIDS surveillance reporting

system in Mukdahan province, Thailand. Population Journal. 1(1), 125-135.


http://www.ipsr.mahidol.ac.th/IPSR/AnnualConference/ConferenceII/Article/Article11.htm
http://www.ipsr.mahidol.ac.th/IPSR/AnnualConference/ConferenceII/Article/Article11.htm

80

Kitkungvan, D., Apisarnthanasak, A., Plengpart, P. and Mundy, L.M. 2008. Fever of
unknown origin in patients with HIV infection in Thailand: an observational
study and review of the literature. International Journal of STD & AIDS. 19,

232-235.

Kongchouy, N. and Sampantarak, U. 2010. Confidence intervals for adjusted

proportions using logistic regression. Modern Applied Science. 4(6), 1-7.

Kruger, C.J.C. 2003. Constrained cubic spline interpolation for chemical engineering.

http://www.korf.co.uk/spline.pdf [November 28, 2012]

Li, J and Heap A.D. 2008. A Review of Spatial Interpolation Methods for

Environmental Scientists. Canberra: Geoscience Australia, Record 2008/23.

Li, X., Song, X. and Gray, R.H. 2004. Comparison of the missing-indicator method
and conditional logistic regression in 1:m matched case-control studies with

missing exposure values. American Journal of Epidemiology. 159(6), 603-610.

Likittanasombut, P. 2004. Opportunistic central nervous system infection in human
immunodeficiency virus infected patients in Thammasat Hospital, Thailand.

Neurology Asia. 9, 29-32.

Little, R.J.A. and Rubin, D.B. 2002. Statistical Analysis with Missing Data, Wiley-

Interscience, New York, U.S.A.

Lobo, J.M., Jimenez-Valverde, A. and Real R. 2008. AUC: a misleading measure of
the performance of predictive distribution models. Global Ecology and

Biogeography. 17, 145-151.


http://www.korf.co.uk/spline.pdf

81

Lopez, A.D., Lozano, R., Murray, C.J.L. and Shibuya, K. (Eds). 2011. Verbal
Autopsy: Innovations, applications, opportunities improving cause of death

measurement. In Population Health Metrics. 9, 128-254.

Lumley, T. 2010. Complex Surveys: A Guide to Analysis Using R, John Wiley &

Sons, New Jersey, USA, pp. 39-54.

Lyles, R.H., Tang, L., Superak, H.M., King, C.C., Celentano, D.D., Lo, Y. and Sobel,
J.D. 2011. Validation data-based adjustments for outcome misclassification in

logistic regression: An illustration. Journal of Epidemiology. 22(4), 589-597.

Mathers, C.D., Fat, D.M., Inoue, M., Rao, C. and Lopez A.D. 2005. Counting the
dead and what they died from: an assessment of the global status of cause of

death data. Bulletin of the World Health Organization. 83(3).

Mayanja, B.N., Baisley, K., Nalweyiso, N., Kibengo, F.M., Mugisha, J.O., Paal, L.V.,
Maher, D. and Kaleebu, P. 2011. Using verbal autopsy to assess the prevalence
of HIV infection among deaths in ART period in rural Uganda: a prospective

cohort study, 2006-2008. Population Health Metrics. 9(36).

McKinley, S. and Levine, M. 2012. Cubic spline interpolation.

https://www.google.co.th/#g=Cubic+Spline+interpolation [November 28, 2012]

McNeil, D. 1996. Epidemiological Research Methods, John Wiley & Sons,

Chichester, England, pp.125-194.


https://www.google.co.th/#q=Cubic+Spline+Interpolation

82

McNeil, N., Odton, P. and Ueranantasun, A. 2011. Spline interpolation of
demographic data revisited. Songklanakarin Journal of Science and Technology.

33(1), 117-120.

Murphy, M. The advantages of kriging vs triangulation contour mapping methods.

http://www.ehow.com/info 12002607 advantages-kriging-vs-trianqulation-

contour-mapping-methods.html [August 20, 2013]

Murrell, P. 2006. R Graphics. New York: Chapman and Hall.

National AIDS committee. 2013. 2012 Thailand AIDS Response Progress Report.

Bangkok.

Odton, P., Bundhamcharoen, K. and Ueranantasun, A. 2010a. District-level variations
in quality of mortality data in Thailand. Asia-Pacific Population Journal. 25(1),

79-91.

Odton, P., Choonpradub, C. and Bundhamcharoen, K. 2010b. Geographical variations
in all-cause mortality in Thailand. Southeast Asian Jounal of Tropical Medicine

and Public Health. 41(5), 1209-1219.

Pacheco, A.G., Saraceni, V., Tuboi, S.H., Lauria, L.M., Moulton, L.H., Faulhaber,
J.C., King, B., Golub, J.E., Durovni, B., Cavalcante, S., Harrison, L.H.,
Chaisson, R.E. and Schechter, M. 2011. Estimating the extent of underreporting
of mortality among HIV-infected individuals in Rio de Janeiro, Brazil. AIDS

Research and Human Retroviruses. 27(1), 25-28.


http://www.ehow.com/info_12002607_advantages-kriging-vs-triangulation-contour-mapping-methods.html
http://www.ehow.com/info_12002607_advantages-kriging-vs-triangulation-contour-mapping-methods.html

83

Park, S., Goo, J. and Jo, C. 2004. Receiver Operating Characteristic (ROC) curves:

Practical review for radiologists. Korean Journal of Radiology. 5(1), 11-18.

Pattaraarchachai, J., Rao, C., Polprasert, W., Porapakkham, Y., Pao-in, W.,
Singwerathum, N. and Lopez, A.D. 2010. Cause-specific mortality patterns
among hospital deaths in Thailand: validating routine death certification.

Population Health Matrics. 8(12).

Pigott, T.D. 2001. A review of methods for missing data. Educational Research and

Evaluation. 7(4), 353-383.

Polprasert, W., Rao, C., Adair, T., Pattaraarchachai, J., Porapakkham, Y. and Lopez,
A.D. 2010. Cause-of-death ascertainment for deaths that occur outside hospitals
in Thailand: application of verbal autopsy methods. Population Health Matrics.

8(13).

Porapakkham, Y., Rao, C., Pattaraarchachai, J., Polprasert, W., Vos, T., Adair, T. and
Lopez, A.D. 2010. Estimated causes of death in Thailand, 2005: implications

for health policy. Population Health Matrics. 8(14).

Prasartkul, P. and Vapattanawong, P. 2006. The Completeness of death registration in
Thailand: evidence from demographic surveillance system of the Kanchanaburi

project. World Health Population. 8, 43-51.

Prasartkul, P., Porapakham, Y., Vapattanawong, P. and Rittirong, J. 2007.
Development of a verbal autopsy tool for investigating cause of death: the

Kanchanaburi project. Journal of Population and Social Studies. 15(2), 1-22.



84

Prasartkul, P., Warangrat, A., Vapattanawong, P. and Kanchanakitsakul, M. 2000.
Age and sex structures in old age in Thailand. Journal of Population and Social

Studies. 8(2), 1-16.

Prasithwattanasaeree, P. and Prasithwattanasaeree, S. 2008-2009. Missing data and

management. Data management & Biostatistics Journal 4(3), 52-61.

Punyacharoensin, N. and Viwatwongkasem, C. 2009. Trends in three decades of
HIV/AIDS epidemic in Thailand by nonparametric backcalculation method.

AIDS, 23(9), 1143-1152.

R Development Core Team. 2012. The R project for statistical computing.
Applications. http://cran.r-project.org/bin/windows/base/old/2.15.2/ [September

9, 2012]

Rao, C., Porapakkham, Y., Pattaraarchachai, J., Polprasert, W., Swarnpunyalert, N.
and Lopez, A.D. 2010. Verifying causes of death in Thailand: rationale and

methods for empirical investigation. Population Health Matrics. 8(11).

Sakar, S. and Midi, H. 2010. Importance of assessing the model adequacy of binary

logistic regression. Journal of Applied Sciences. 10(6), 479-486.

Surasiengsunk, S., Kiranandana, S., Wongboonsin, K., Garnett, G.P., Anderson, R.M.
and Griensven, G.J.P. 1998. Demographic impact of the HIV epidemic in

Thailand. AIDS. 12(7), 775-784.



85

Taffa, N., Will, J.C., Bodika, S., Packel, L., Motlapele, D., Stein, E., Roels, T.H.,
Kennedy, G. and Shenaaz, E.H. 2009. Validation of AIDS-related mortality in

Botswana. Journal of the International AIDS Society. 12(24).

Takahashi, K., Uchiyama, H., Yanagisawa, S. and Kamae, I. 2006. The logistic
regression and ROC analysis of group-based screening for predicting Diabetes

incidence in four years. Kobe Journal of Medical Sciences, 52(6), 171-180.

Tangcharoensathien, V., Faramnuayphol, P., Teokul, W., Bundhamcharoen, K. and
Wibulpholprasert, S. 2006. A critical assessment of mortality statistics in
Thailand: potential for improvements. Bulletin of the World Health

Organization. 84(3), 233-238.

Thai Health Information Standards Development Center (THIS). 2012. Rapid
assessment of national civil registration and vital statistics systems: a case study

of Thailand. Health Research Institute.

The Thai Working Group on HIVV/AIDS Projections (2005). 2008. The Asian

Epidemic Model (AEM) projections for HIVV/AIDS in Thailand: 2005-2025.

Tongkumchum, P. and McNeil, D. 2009. Confidence intervals using contrasts for
regression model. Songklanakarin Journal of Science and Technology. 31(2),

151-156.

Vapattanawong, P. and Prasartkul, P. 2011. Under-registration of deaths in Thailand
in 2005-2006: results of cross-matching data from two sources. Bulletin of the

World Health Organization. 89, 806-812.



86

Vapattanawong, P. and Saplon, O. 2011. Deaths outside residential area of Thais:

study from death registration, 1996-2009. Thai Population Journal. 3(1), 73-89.

Venables, W.N. and Ripley, BD. 2002. Modern Applied Statistics with S, Springer,

New York, U.S.A., pp.183-199.

Wand, M. P. 2000. A comparison of regression spline smoothing procedures.

Computational Statistics. 15(4), 443-462.

Williams, D., Liao X., Ya, X. and Carin, L. 2005. Incomplete-data classification using
logistic regression. Proceedings of the 22™ International Conference on

Machine Learning, Bonn, Germany, August 7-11, 2005, 972-979.

Woodward, M. 1999. Epidemiology: Study Design and Data Analysis, Chapman &

Hall, U.S.A., pp. 448-481.

Woradet, S., Chaimay, B., Chantutanon, S., Phuntara, S. and Suwanna, K. 2012.
Characteristics and demographic factors affecting mortality among HIV/AIDS
patients in the southern region of Thailand. Asia Journal of Public Health. 3(3),

86-93.

World Health Organization. 2010. ICD-10 Version:2010.

http://apps.who.int/classifications/icd10/browse/2010/en [November 2, 2011]

Yang, CS., Kao, SP., Lee, FB. and Hung, PS. 2004. Twelve different interpolation
methods: A case study of SURFER 8.0.

http://www.isprs.org/proceedings/ XXX V/congress/comm2/comm?2.aspx

[September 20, 2013]


http://link.springer.com/journal/180
http://apps.who.int/classifications/icd10/browse/2010/en
http://www.isprs.org/proceedings/XXXV/congress/comm2/comm2.aspx

87

Yudkin, L., Burger, H., Bradshaw, D., Groenewald, P., Ward, A.M. and VVolmink, J.
2009. Deaths caused by HIV disease under-reported in South Africa. AIDS.

23(12), 1600-1602.



