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Under-registration of deaths in Thailand in 2005-2006:
results of cross-matching data from two sources

Patama Vapattanawong® & Pramote Prasartkul®

Objective To estimate the magnitude of under-registration of deaths, by age and sex, in Thailand.

Methods The data in this study were derived from two sources: the Thai Survey of Population Changes (SPC) 2005-2006, a consecutive
multi-round household survey conducted over a 12-month period, and Thailand’s vital registration records. SPC death entries for people of
all ages were matched to 20052006 death records from vital registration. The principles of a dual records system were applied to estimate
the magnitude of under-registration of deaths, classified by age and sex, using the Chandrasekaran-Deming formula.

Findings Overall under-registration of deaths during 2005-2006 was 9.00% (95% confidence interval, Cl: 8.95-9.05) for males and 8.36%
(95% Cl: 8.31-8.41) for females. For both males and females, under-registration decreased as age increased. Under-registration was greatest
among people of either sex aged 1-4 years, whereas it was < 10% among people 60 years of age and older, both males and females.
Conclusion These findings provided correction factors that can be used for adjusting mortality data from the registration system.

Abstracts in S5 H13Z, Frangais, Pycckuii and Espafiol at the end of each article.

Introduction

Mortality is a demographic indicator not only of health out-
comes in various population groups, but also of a country’s
state of development. Death data are fundamentally crucial
for identifying health problems and for monitoring health
programmes. They are also used to measure and compare
mortality rates in subpopulations within the same country or
across different countries. Accordingly, the quality of mortality
data is the key to reliable indicators and should therefore be
carefully assessed before the data are used.

In Thailand, the most important source of mortality data is
the vital registration 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 municipal-
ity registrars, which are under the interior ministry. According
to this law, births must be registered within 15 days of delivery,
while deaths must be registered within 24 hours. For deaths,
the registration process is not straightforward because two
steps are involved: (i) notifying an authorized person about the
death, and (ii) validating and registering the death.' After both
registration steps are completed, the name of the deceased is
deleted from the household roster and the details concerning
the death 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.

In addition to the vital registration system, Thailand has
a second important source of population data: the population
census, which is conducted every 10 years. Theoretically, these
two sources of demographic data should provide very similar
population figures, but in reality the data sometimes conflict.
During the first Population Seminar held in Bangkok in March
1963, disagreements arose surrounding the rate of population
growth in Thailand because vital registration and population
census data were in conflict. To learn the real rate of population
growth, the National Statistical Office, which is in charge of the
population census, was requested by the cabinet to conduct
a national survey known as the Survey of Population Change

(SPC). The first SPC was undertaken in 1964-1966. It later
became an intercensal population survey conducted every 10
years at about the mid-period between the two censuses. The
main purposes of the SPC are to obtain reliable estimates of
vital event rates and of the rate of population growth, as well
as to measure the under-registration of vital events. Thailand’s
most recent SPC was conducted in 2005-2006.

Although estimating under-registration is a main objec-
tive of each SPC, the methods used in the surveys have not
been the same. The differences in such methods are described
in detail elsewhere.” In brief, the estimation methods used
in the first three SPCs (1964-1966, 1974-1976, 1984-1986)
consisted of a dual records procedure, while those used in
the 1995-1996 and 2005-2006 SPCs were based directly on
survey questions, whether vital events were registered or not.
According to the SPC results, during the 1960s and 1970s
approximately 60% of the deaths in the Thai population were
registered.” In the mid-1980s the fraction rose to 76%° and
in the two most recent SPCs (1995-1996 and 2005-2006) 95%
completeness was reported.®” The very large increase in vital
event registration observed in the 1995-1996 SPC relative to
previous SPCs raised doubts, and the completeness of death
registration in Thailand remains a controversial issue requir-
ing further scrutiny.

This study aimed to investigate the quality of mortality
data in Thailand’s civil registration system. Its objectives were
to estimate the magnitude of under-registration of deaths and
its associated age and sex patterns in 2005-2006 by cross-
matching data from two sources.

Methods

Data sources

The two sources of data used in this study were the SPC 2005-
2006 and vital registration records. The SPC 2005-2006 was a
national, longitudinal, multi-round household survey with a
large sample: 2050 sample rural villages/urban blocks and 82000
households.” This survey was designed to determine changes
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in household composition. To overcome
the errors generated by the respondents’
limited ability to correctly recall events
that occurred over an extended period,
each sample household was visited five
times within a year, or about once every
three months. The survey period began in
July 2005 and ended in July 2006.

All households in the sample rural
villages and urban blocks were visited by
the enumerators to obtain information
on the usual household residents. In the
initial interview, all persons residing in
each household were listed and their
basic demographic characteristics were
recorded. A total of 327735 individuals
were counted in this first interview. As
an additional check, to obtain as com-
plete a coverage of births and deaths
as possible, the enumerator also asked
in every household: (i) if any women
were known to be pregnant, and, if so,
the number of months of pregnancy;
and (ii) if any individuals were known
to be seriously ill. For the second and
subsequent interviews, the enumerator
determined and recorded any changes in
household composition that had taken
place since the previous visit on account
of births, deaths or movements in and
out. If such changes had taken place, the
date when they occurred was recorded.
An additional question was asked about
any babies born or deceased since the
enumerator’s last visit.

To obtain vital registration data,
individual death records for 2005-2006
from the interior ministry were used.
Each record was in electronic format and
had a 13-digit unique personal identi-
fier (PID). Death records from before
and after the SPC survey period were
excluded from the study.

The individual records of the SPC
had been linked to death records from
vital registration using a 13-digit unique
PID never recorded in previous SPCs
except the last one. Of a total of 327735
records in the SPC, 37 110 were excluded
because their unique PIDs were miss-
ing or incomplete. Thus, only 290625
records (88.7%) could be used to link
to vital registration data. The method
allowed for four possible outcomes from
the cross-matching: (i) deaths reported
in the SPC matched to deaths in the vital
event registry; with (ii) deaths reported
in the SPC but not matched to deaths in
the registry; with (iii) people reported
as survivors in the SPC but matched to
deaths in the registry; and (iv) people
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Table 1. A2x2 contingency table showing case-by-case cross-matching of deaths from
the Survey of Population Change (SPC) and from the vital registration system,

Thailand, 2005-2006

Death in SPC Vital registration

Yes No Total
Yes M NR =
No NS MB =
Total - - N

M, matched (i.e. in both systems); MB, missing from both systems; N, number of events (estimated total); NR,
not in registry (i.e. in survey only); NS, not surveyed (i.e. in vital registry only).

reported as survivors in the SPC but not
matched to deaths in the registry. All of
these outcomes except the fourth were
used to analyse the under-registration
of deaths by age and sex.

Data analysis

This study applied the Chandrasekaran-
Deming formula to carry out a dual
records system estimation. The dual
records system is a method used to esti-
mate the completeness of a data source
by cross-matching its records case by case
against those of another source. We used
the Chandrasekaran-Deming formula
primarily to estimate the data that were
missing from both systems, i.e. the num-
ber of people known to have died but not
reported in either data source. We used
this approach based on four crucial as-
sumptions: (i) that the population of in-
terest was closed; (ii) that events recorded
in both systems could be cross-matched;
(iii) that the probability of an event oc-
curring in one system was independent
of the probability of it occurring in the
other, and (iv) that each case had an equal
probability of ascertainment in either
source. The under-registration of deaths
was calculated by constructing a 2 x2
contingency table (Table 1) containing
the results of cross-matching the deaths
from the SPC with those from vital reg-
istration records.

To estimate total events (N) accord-
ing to the Chandrasekaran-Deming
formula:®

(M + NS)X(M+ NR)
- M

N

where M (matched) stands for the events
found in both systems; NS (not sur-
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veyed) stands for the events missed by
the survey but found in vital registration
records; and NR (not registered) stands
for the events missed by registration but
found in the survey. An estimate of the
variance of N was calculated using the
following formula:

Var(N) = Ngg:
pp:

where:

_ M+NS
N

1

_ M+NR
N

2

and

P1+q1:pz+p2:1

The 95% confidence intervals (Cls)
of N were calculated using the formula:

95% CI =N £1.964/Var(N)

The formula of p, gave the estimated
completeness of death registration.
Thus, the under-registration (D,) could
be estimated from:

1—pi(orq)
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and the variance of q, was calculated as:’

Results
Cross-matching of deaths

The diagram of the cross-matching process
between deaths listed in the SPC and vital
registration data is shown in Fig. 1. Of
290625 individual records from the SPC,

1882 were deaths that could be matched
to vital registration data; 179 were deaths
that could not be matched; 556 were people
listed as survivors in the SPC who could be
matched to vital registration death records;
and 288 008 were people listed as survivors
in the SPC who could not be matched to
vital registration death records (Table 2).
As shown in Table 2, the SPC listed
a total of 2061deaths as having occurred
during 2005-2006. Over that period,
2438 deaths were included in the vital
event registry. The figures in this table
also reflect counting errors, since 556
people listed in the death registry were
reported as being alive during the sur-

Fig. 1. Diagram showing cross-matching of deaths in the Survey of Population Change
(SPC) and in the vital registration system, Thailand, 2005-2006

SPC 2005-2006 Death registration
(n=327735) (DR)
Exclude
Incomplete PID Complete PID In 2005: In 2006:
(37 110 cases) (290 625 cases) 394 315 cases 391 126 cases
3 I

Merged by 13-digit PID

i Exclude deaths
occured before

& after survey period

!

2) Deaths in SPC
were not matched
to DR

1) Deaths in SPC
were matched to DR

PID, personal identifier.

: !

3) Survivors in 4) Survivors in
SPC were matched SPC were not
to DR

matched to DR

Table 2. Life/death status of individuals obtained by cross-matching data from the
Survey of Population Change (SPC) and the vital registration system, Thailand,

2005-2006
Status in SPC Vital registration Total
No Yes
Alive 288008 556 288564
Dead 179 1882 2061
Total 288187 2438 290625

Table 3. Number of deaths in 2005-2006, obtained by cross-matching data from the
Survey of Population Change (SPC) and the vital registration system, Thailand,

2005-2006
Death in SPC Vital registration
Yes No
Yes 1882 179
No 556 777
¢ Missed by both systems.
808
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vey. The table also shows the magnitude
of the under-registration: 179 people re-
ported to be dead during the survey were
not registered in the vital event registry.

Estimation of under-registration
of deaths

A second 2 x2 contingency table (Ta-
ble 3) was created with the death data in
Table 2 to determine how many people
had been missed by both systems (the
cell with ?2?°). The estimated total
number of deaths occurring during the
2005-2006 survey and its 95% CI were:

(1882 +556) x (1882 +179)
1882

wher~ the result was rounded to the
nearest integer. In addition, the esti-
mated under-registration of deaths, and
its 95% CI could be calculated as:

D:[l-(%)]xmo
-8.69%

95%ClLof D.

8694196 |~ 1882:170” \gwa+179

| )

To estimate the under-registration
of deaths by age and sex, we repeated the
above calculation using data classified
by age and sex instead. Table 4 presents
the age- and sex-specific numbers of
deaths 1n 2005-2006 as recorded by the
SPC and vital registration records, and
Table 5 shows the estimated percent-
age of under-registration of deaths.
In 2005-2006 under-registration was
8.69% (95% CI: 8.65-8.72) for both sexes
combined and, for all ages overall, it was
9.00% (95% CI: 8.95-9.05) for males and
8.36% (95% CI: 8.31-8.41) for females.

When we stratified by broad age
groups, the highest under-registration
was found among children 1-4 years
old: 54.55% (95% CI: 54.25-54.84) in
malesand 71.43% (95% CI: 71.11-71.75)
in females. Under-registration of male
and female deaths decreased as age
increased, with the sole exception of
deaths among females less than 1 year
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of age, which showed much lower
under-registration than deaths among
male infants (8.33%; 95% CI: 7.87-8.80
versus 34.78%, 95% CI: 34.48-35.08,
respectively). Furthermore, deaths
among older males and females showed
less than 10% under-registration.

Discussion

The aim of this study was to estimate
the magnitude of under-registration of
deaths by making use of two valuable
sources of data that already existed in
Thailand. Although the method used
herein has been known for more than
half a century, it is still useful, particu-
larly in countries having several sources
of mortality data, such as Egypt'® and
the Philippines.'' This method is fre-
quently used in studies and is often

referred to in epidemiology and ecology
as capture-recapture.”'>"'

In Thailand, the dual records pro-
cedure or a similar method based
on cross-matching of data from two
different sources has been practised
since the mid-1960s, and in that early
period it was applied in a manner very
similar to the one shown in this study
in the sense that data from independent
sources — in our case the survey and the
vital event registration system - were
cross-matched. However, some practical
differences do exist. Whereas decades
ago the deaths reported in the survey
were manually cross-matched with the
ones included in the registration system
on the basis of name and other charac-
teristics common to both systems, such
as sex, age of deceased, place of death
and place of residence,’ in this study
manual cross-matching was replaced
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by computerized cross-matching us-
ing a 13-digit unique PID. In addition,
to ensure correct cross-matching, we
double checked the age and sex of each
pair of cross-matching cases. Thus, this
study was stronger than earlier studies.
Moreover, the dual records procedure
made it possible to generate estimates
for population subgroups. Thus it is
possible to estimate under-registration
of deaths at a subnational level or among
subgroups of the population if the data
are available.

The estimated under-registration
of deaths for both sexes combined and
for males and females separately was
8.69%, 9.00% and 8.36%, respectively.
These figures are approximately 1.8, 1.7
and 1.9 times higher than the percent-
ages estimated directly by Thailand’s
National Statistical Office from the
questions in the SPC.” This is because

Table 4. Number of deaths in 2005-2006, by age and sex, obtained by cross-matching data from the Survey of Population Change (SP()

and the vital registration system

Sex/death data details No. of deaths

<1 1-4 5-14 15-59 60-74 75+ All

year years years years years years
Male deaths
In both systems (M) 15 5 11 289 222 408 950
In SPConly (NR) 6 9 29 18 24 94
In vital registry only (NS) 4 4 112 74 89 286
Estimated total no. (N) 28 20 27 441 320 526 1358
95% Cl of N 24-31 11-28 22-33 433-449 314-326 521-531 1346-1371
Female deaths
In both systems (M) 11 2 4 138 205 572 932
In SPC only (NR) 1 5 1 24 17 37 85
In vital registry only (NS) 4 1 0 75 73 117 270
Estimated total no. () 16 11 5 250 301 734 13122
95% Cl of N 15-18 3-18 5-5 241-260 295-307 727-740 1300-1323
(l, confidence interval.

@ These figures are not the sum of the values in each age group.
Table 5. Estimated percentage of under-registration of deaths, by age and sex, Thailand, 2005-2006
Age group (years) Under-registration of deaths
Males Females Both sexes
% 95% (I % 95% Cl % 95% Cl

<1 34.78 34.48-35.08 8.33 7.87-8.80 25.71 25.46-25.97
1-4 54.55 54.25-54.84 7143 71.101=71.75 61.11 60.89-61.33
5-14 45.00 44.72-45.28 20.00 19.22-20.78 40.00 39.74-40.27
15-59 9.12 9.03-9.21 14.81 14.70-14.93 11.04 10.97-11.11
60-74 7.50 7.39-7.61 7.66 7.55-7.77 7.58 7.50-7.65
75+ 5.56 547-5.64 6.08 6.01-6.15 5.86 5.81-591
Qverall 9.00 8.95-9.05 8.36 8.31-8.41 8.69 8.65-8.72

(Cl, confidence interval.
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our study captured more deaths, par-
ticularly 556 deaths that were in the
vital event registration system but that
had not been counted in the survey. Two
factors could account for the substantial
under-reporting of deaths in the SPC
(~20% of all deaths in both systems):
(i) the assumption that the population
of interest was closed and (ii) the quality
of the counting of deaths in the survey.
The life/death status of the 556 people
who were in the death registry but not
in the SPC had been carefully reassessed
in the fifth (last) visit paid to the house-
holds during the survey period (data not
shown). Of these people, 78.8% were
found to be regular residents, 17.4% had
moved away and 3.8% were temporarily
absent or transient residents. Thus, the
quality of the counting of deaths may
have been the main reason that deaths
were under-reported in the SPC, fol-
lowed by the mistaken assumption that
the population surveyed was a closed
one. Similar findings have not been
reported in other countries.'"

Our figures may be an underes-
timation of the actual rate of under-
reporting. One reason is that not all
SPC 2005-2006 sample data could be
analysed because some information
(11.3%) was incomplete; either the PID

was missing (10.3%) or it had fewer
than 13 digits (0.2%) or was duplicated
(0.8%). Another reason is that only one
unique identifier was used as a linkage
key. If some identifiers were incorrectly
recorded during the interview or when
entered into the system, the results of
the cross-matching could have been
affected. Thus, this study arguably pro-
vides a minimum estimate of the rate of
under-registration of deaths in Thailand
during 2005-2006. Its findings lend sup-
port to the notion that the use of differ-
ent estimation methods accounts for the
large improvement in the completeness
of death registration observed after the
mid-1990s.

Conclusion

In Thailand, overall under-registration
of deaths in 2005-2006 was around
8.69%, but the percentage varied by
age and sex. The age- and sex-specific
estimates of under-registration from this
study can be used as correction factors
to improve the accuracy of the death
statistics in the country’s registration
system. Several studies have calculated
the magnitude of under-registration
overall, but few have made age- and sex-
specific estimates. By using mortality

Patama Vapattanawong & Pramote Prasartkul

data from two important sources — the
SPC 2005-2006 and the vital registra-
tion system — this study provides some
degree of assurance that the results are
reliable. Age- and sex-specific numbers
of deaths, after adjustment by the correc-
tion factors generated in this study, can
be used as numerators to make various
mortality estimates. The newly-adjusted
age- and sex-specific death rates can
even be used, for example, to construct
life tables of Thailand’s general popula-
tion and subpopulation groups. H
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Résumé

Sous-enregistrement des déces en Thailande sur la période 2005-2006: résultats des données croisées émanant de deux

sources

Objectif Estimer 'ampleur du sous-enregistrement des décés par age
et sexe en Thailande.

Méthodes Les données de cette étude proviennent de deux sources:
I'enquéte thailandaise sur les changements démographiques (ECD)
de 2005-2006, une enquéte consécutive a tours multiples conduite
aupres des ménages et menée sur une période de 12 mois, ainsi que
les registres nationaux détat civil. Les entrées de I'ECD pour les déces
de personnes de tous ages ont été comparées aux mentions de déces
faites aux registres d‘état civil pour la période 2005-2006. Les principes
d'un systeme a double enregistrement ont été appliqués afin dévaluer
I'ampleur du sous-enregistrement des déces, classés par age et sexe, a
I'aide de la formule de Chandrasekaran-Deming.

Résultats Dans I'ensemble, le sous-enregistrement des décés sur la
période 20052006 a atteint 9,00% (intervalle de confiance de 95%, IC:
8,95-9,05) chez les hommes et 8,36% (IC de 95%: 8,31-8,41) chez les
femmes. Pour les deux sexes, le sous-enregistrement des déces diminue
au fur et a mesure que I'dge augmente. Le sous-enregistrement était
le plus important chez les enfants agés de 1 a 4 ans, quel que soit leur
sexe, alors quil était inférieur a 10% chez les hommes et femmes de
60 ans et plus.

Conclusion Ces résultats ont fourni des facteurs de correction qui
peuvent étre utilisés pour ajuster les données relatives a la mortalité a
partir du systéme d'enregistrement.

Pesiome

HenonHota peructpauum cmeptHocTy B TannaHge B 2005-2006 rogax: pe3ynbratbl NepekpecTHOro

conocTtaB/ieHNA AaHHbIX U3 ABYX NCTOYHUKOB

LUenb OueHWTb MacliTab HEMOMHOTHI PerucTpaumnm CMepTHOCTU B
TavnaHze, C pa3dMBKOM NO BO3PACTY ¥ MOy.

MeTopgpl [laHHble 41A HACTOALLIEro UCCeA0BaHA Oblnv B3ATHI 113 ABYX
NCTOYHWKOB: TannaHACKoro UcCnefoBaHus M3MeHeHN B HaceneHnm
(SPC) 2005-2006 ropos (KOHCEKYTMBHOIO MHOrOpayHAHOro
onpoca AOMOXO351CTB, MPOBOAVBLIErOCA B TeueHue 12 mecALes)
N CTAaTUCTUKM PErMCTPaLMmM aKTOB rpaxJaHCKOro COCTOAHMA B
TannaHge. Cnyyan cMepTu Ntoaeit BCex BO3PACTOB, OTPaKeHHble
B SPC, 6bin CconocTaBneHbl C JaHHBIMA KHUM PErUCcTpaLmn akToB
rpaxkaaHCKoro coctoaHws 3a 2005-2006 rofpbl. [1nA oLieHK1 MaclTaba
HEMOMHOTHI PErncTPaUny CMEPTHOCTH, C Pa30VBKOM MO BO3PaCTy
1 nony, 66NV NPUMEHEHbI MPUHLMMBI CUCTEMbI IBOVHOTO YYeTa, C
MCNONb30BaHUeM hopmyrbl YaHapacekapaHa—emuHra.

Pesynbratbl B Le10OM HeNonHOTa perucTpaumm CMepTHOCTM 3a
nepwuon 2005-2006 rogos cocTasuna 9,00% (95% noseputensbHbIN
nHTepsan, : 9,00-9,05) ana myxxumH 1 8,36% (95% [ 8,31-8,41)
ANA XKeHWMH. Kak Ana MyXUvH, Tak 1 ONA KeHWWH HenonHoTa
perncTpaumm CHxanachb C yBenmueHem BospacTta. HenonHota
perncTpauuy Geina Bbille cpeamn nuL obomnx MonoB B Bo3pacTe
1-4 net, a cpeau nuy B Bo3pacTe 60 NEeT 1 CTaplue, Kak My»CKoro,
TaK 1 XEeHCKOro nona, coctasnana meHee 10%.

BbiBop Ha ocHoBe 37X pe3ynsTaTos Obinv MonyyeHb! MonpasoyHble
KOO ULMEHTHI, KOTOPbIE MOTYT ObITb MCMOMNb30BaHbl ANA
KOPPEKTUPOBKM AaHHBIX O CMEPTHOCTY, UKCMPYEMBIX B CUCTEME
PEerncTpaLmm akToB rPaXkaAaHCKOro COCTOAHMA.

Resumen

Subregistro de muertes en Tailandia en el periodo comprendido entre 2005 y 2006: resultados de la obtencion de datos de

pruebas cruzadas procedentes de dos fuentes

Objetivo Estimar la magnitud del subregistro de muertes, por edad y
sexo, en Tailandia.

Métodos Los datos incluidos en este estudio proceden de dos fuentes:
el Estudio tailandés de variaciones de poblacion (EVP) de 2005-2006, un
estudio de hogares con visitas multiples consecutivas realizado en un
periodode 12 mesesy los registros civiles de Tailandia. Las notificaciones
de muerte del EVP para personas de todas las edades se combinaron con
los registros de muertes para el periodo comprendido entre 2005 y 2006
del registro civil. Se aplicaron los principios de un sistema de registros
dual para estimar la magnitud del subregistro de muertes, clasificado
poredady sexo, mediante el uso de la formula Chandrasekaran-Deming.

Resultados El subregistro global de muertes durante el periodo
comprendido entre 2005 y 2006 fue del 9,00% (Intervalo de confianza
del95%, 1C: 8,95-9,05) para hombresy del 8,36% (IC del 95%:8,31-8,41)
para mujeres. Tanto para hombres como para mujeres, el subregistro
descendié a medida que incrementaba la edad. El subregistro fue
mayor entre personas de ambos sexos con edades comprendidas entre
1y 4 afos, e inferior al 10% entre personas mayores de 60 afios, tanto
hombres como mujeres.

Conclusion Estos resultados proporcionaron factores de correccion
que se pueden utilizar para ajustar los datos de mortalidad del sistema
de registro.
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