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« Background

« Statistical methods

 Examples
— Viet Nam
— Indonesia

— Oman

 Completeness measurement in current context of CRVS
development
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« Generalizabllity

— Coverage
— Completeness

» Aggregated data analysis (indirect methods)
« Record linkage and matching (direct methods)

* Accuracy

— Reliability

— Validity — particularly of registered causes of death
« Policy relevance

— Timeliness

— Sub national data availability (geographical disaggregation)
3
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 Completeness =

number of registered events
X 100

estimated number of total events
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ug}ig;g'ty Aggregated data analysis

« Comparisons of numbers/rates for same population over time for
consistency/time trends

« Comparisons between populations with similar characteristics

« Comparisons between different sources for same population(e.g.
census enumerations; health service records etc)

« Overall, not a satisfactory approach (both sources could be of
Inadequate quality)
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Using models of population growth/ change to derive expected deaths
as denominator for completeness

Models based on assumptions

accurate population counts;

no migration;

accurate age-reporting of population and deaths;

completeness invariant by age

In some methods — stable population (constant fertility and mortality in preceding decades)

Vastly differing measures from different methods, with considerable uncertainty

(£25%)



Australian

vy Record linkage or matching studies

« Capture-recapture / dual record system/ matching studies

* requires two or more independent sources of information on individual
members of the population

» Estimates total population size (total deaths) when a full count of the
total population is unavailable or unfeasible from a single source
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Individuals ‘captured’ in one source and ‘recaptured’ when matched in 2"d source

Matching across key variables:
— Personal details / address variables / Event details - Date of birth/death/registration

Linkage produces 3 sets i.e Matched records; plus sets of unigue records in either source

record linkage permits another statistical procedure (based on certain
conditions) to estimate deaths not captured by either source

Completeness estimated using denominator from reconciliation of 3 cells
OR (Indian Sample Registration System)

by including the fourth cell (estimated missed deaths) (Chinese DSP)
8
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Hﬁ?&%’:&'ty Conditions for capture-recapture methods

 No ‘out-of-scope’ events in either source

— Correct identity/time frame/residence status/no migration

« Homogeneity of capture probability in each source

— No selective exclusion by gender/age/ethnicity/geography/SES

* |ndependence of data sources (capture in one source does not
influence capture in the second source)

« Accuracy of matching procedures and matching outcomes (no
erroneous matches or erroneous non-matches)

10
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Type of data collection Primary source! Secondary source? Remarks

Continuous recording systems

. . . . Optimal source
Civil registration Yes . .
° annual data on routine basis
Alternate registration Yes Yes . Health system v.ital re.co'rds e.g'Vic'etnam, Fiji
° Church records in Christian societies
. Best alternative to CRVS
Sample registration Yes Can serve as a secondary source e Indian SRS (ref)
for evaluating CRVS . Chinese DSP (ref)
° Bangladesh SVRS (ref)
. . . Can serve as a secondary source ® E.g. Health and Demographic Surveillance Sites in
Special registration Yes . .
for evaluating CRVS or SRS several countries (INDEPTH Network) (ref)
Age based registers Yes * Ma'fern;.al'/chlld health
° senior citizens /pensioners databases
. tuberculosis
Disease surveillance systems Yes . cancers
. injuries
° stroke
Periodic data collections
Census (total population) Yes Yes ° Optimal 2" data source (national coverage)
. Inter censal surveys
. ° DHS program
National sample surveys ves ° WHO NCD surveillance (STEPS) surveys
° UNICEF MICS surveys etc
Special surveys designed to assess Ves . Evaluation surveys for sample/special registration
completeness . sporadic research based examples

1 = data source for which completeness needs to be evaluated
2 = data source which will be used to evaluate completeness of the primary source 11
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ety Parameters for study design
* Scope of analysis e.g national / sub national measures; by age; pop sub groups

« Availability/choice of primary & secondary data sources

» Reference time period of analysis

« Matching process
— Manual/electronic
— Deterministic/probabilistic/implicit rules

« Statistical procedures
— Data reconciliation
— Use of multiple parallel sources or partial data sources
— DRS method ( 2source/multiple source models)
— Hybrid models 12
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a+c

« Completeness of Y =———
a+b+c+x

« Chandra-Deming proposed that if all conditions are met, then

SE of completeness = \/Nq1q2/p1p2

 Where N = total number of events estimated by the method (Table 1)

pl = the probability that an event is recorded in data source 1

p2 = the probability that an event is recorded in data source 2
gl = the probability that an event is missed in data source 1
g2 = the probability that an event is missed in data source 2

13
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« RMSE of completeness estimate: RMSE = Vvariance + bias?

 Variance = sampling error (in one or both sources)
 Three sources of bias — out of scope/dependence/matching bias

— Due to varying directions; net bias is usually less than any individual
source of bias

14
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Methods to measure effect of dependence

TABLE 3. SELECTED ARTICLES DESCRIBING METEHODS TO MEASURE BIAS AND ERROR IN COMPLETENESS ESTIMATES FROM DAJAL-RECORD SYSTEMS ANALYSES

Adiskha (1974)

Chapel Hill TUnited States
of Amenica. Feprint Seriss
14, 1074

Chandrasekar-Deming
technique

Awnrinowrs Toar Source Trrle Exampia Aderhods Resuirs
Imternations]l Program for Om the effect of errors in the Theoretical exampls Proposes methods for estimsting net relative bias fom owt
Sal amd Population Statistics, TN, application of the of scope evenis, lack of independence, matching ermors,

and interactions berwesn these three sources. Mo detsils on
reasurerment of stendsrd smor of completensss estimate

GresnSeld (1975

Tournal of the Floyal
Statistical Society. 139 (3)
ig0-401

A revized procedure for
Dmal-Fecord Systems in
Estimating Vitsl Events

Aialawi Populaticn Chenge
survey, 1972

Greanfield estimate accounting for lack of independence;
10 per cent higher than standard DFS estimate; o
standarnd ermor messurement.

Tournal of the American

Om Estimating the Mmmbsr

Theoretical exaniple based on

Dietziled methods for estimating bias form lack of

Baj (197T) Statrs, Ascoc. 72 (358) 377- of Events in Demographic 3 scenarios of completeness mdependence; sampling varisnoe; and total mesn sgusre
gl Surveys error of completeness
Tournal of the Faoyal On the estimation of the Mialawi Populaticn Cheange Mowr estimate accounting for lack of independence; 4.7
Tlour (19E2) Statistical Society. 145 (1) Total Fhamber of Wital survey, 1972 per cent higher than standard DRSS estimate; presents
106-116 Events fiom Dual Systems method for estmating sampling variance.
Cairo Dermoeraphic Centme Omn two estimates of the Theoretcal exanmplss Compares Greenfisld method and stendard DES, identifies
Chandrasekaran Working paper § number of events micsad in Indonesian WVital Registration that error 1= inversely proportional to the completensss
(1983} A dual-record sysberm Project esfinate; two estimates provide a plausible ranges of

complateness.

Hook snd Regal
(19935}

Epidemiclozic Feviews
1702 243-264

Captare-rec aptare methods
in Epidemviclogy

Examples of mmltiple source
data on disesses

Implerments separate models for tewo-source three-source
analysis of missed events, accounting for dependence in
each soorce combination. Proposes nse of range of
completeness estimates from different methods, rather
than amy specific varance based standsrd emmor caloalatiomn
of CL

Avhan (20000

Tournal of Applied
Statistics. 27 (2) 157-169

Eztimators of wital events in
desl-record systems

Theoretical exampls based on
tao sample sources

Methied sccounts for lack of independence, no details on
measurement of standard emor of completensss estimate,
or of sampling varisnce

El-Fhorsrary

Envirommeirics; 11; 435-
445

Diependent dual-record
sysiem estimation of mimber
of

Wital regisiration and sample
survey data for Egypt, 1074-75

hlethod scconnts for dependsnce bat assumes na
geagraphic or matching error. Paper compianss
completeness estimates from dats reconcibiation; standand

record syshermn

(2000) Events: a capfhure-mark- DES; Greenfield; Mour; snd El-FKhorazsty. No methods
TeCcap e strategy fior estimating stamdard error or variance.
arXiv: 1311 381 2vi[star ME Approimste Bayesian Mialawi Population survey, hiodsals account for varastions in behavioural responss
Chatterjes and . htips 2V araiv.orz solntion for estmating 1972 cansing dependencs between sources. Inclndes method for
hiukherjes (2013} abs/1311 3812 populstion size fiom a Daxal- estimating Standard emror and 95 per cent CT of

completeness.

Hook/Regal proposed to try as many methods as possible, and use the average of all errors

15
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Hﬁ?&%’:&'ty Example: Viet Nam — two routine sources

) Stu dy pOpuIatlon :192 Communes; 2.6 mllllon pop Fig. 1. Geographic distribution of communes induded in the sample mortality

surveillance system, Viet Nam, 2009

« Data sources — Commune health (source 1) /
Justice system (source 2)

« manual matching at commune level

« relaxation of matching criteria (age, date of death)

* Unobserved cell computed from two source
analysis

« Reconciled data used as numerator

« Completeness factor used to adjust life tables etc




£Y)

g A‘..

QI

B <
Total in Populati Just
Regions | reconciled | CHC Opuiation - JUSHCE 1 ey
: Dep system
list
- 1723 1580 1669 720
Ha Nol 2304 (75%) (69%) (72%) (31%)
Thai 1185 999 210 183 85
Nguyen (85%) (18%) (15%) (7%)
1768 1043 1311 777
Hue ceel (78%) (47%) (59%) (35%)
Ho Chi 2453 435 571 1871 202
Minh (18%) (23%) (76%) (8%)
872 758 1081
Can Tho 1758 (49%) (43%) (62%) 535 (30%)

A death could be recorded in more than one system
= interdependence

17
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Table 1. Age- and sex-specific observed and estimated deaths® and completeness of mortality data, Viet Nam, 2009

Sex-specificage Sample  a° b¢ s x*  Other Deaths Per cent completeness'
Aot L SOUrC® Observed(a+ b+ c+| [Estimated(a+ EEn L)
only | dditional) I_l;. +ctx)

Males 1239937 2138 1984 1363 1265 215 5700 6750 1.2(74.1-87.1)
15-59 873727 903 873 597 577 21 2465 2950 4 {?2 2 -80.3)
60-74 53085 453 414 274 250 38 1179 1391 2.0 (74.9-87.9)
75+ 22852 710 629 453 401 77 1869 2193 1.7 (74.7-87.4)
Females 1309462 1572 1413 1026 922 181 4192 4933 1.3(744-87.1)
15-59 929773 373 350 257 236 56 1030 1210 0.5(72.5-87.1)
60-74 72969 342 271 213 169 41 867 995 3.0 (75.4-89.0)
75+ 37684 812 734 539 487 80 2165 2572 0(73.9-87.0)

(l, confidence interval.

s Age- and sex-specific deaths deviate slightly from the totals reported in the text because 27 deaths had no age data.

& Number of deaths reported by the Commune Health Centre, the Commune Population and Family Planning Committee (CHC/CPFPC) and the Justice Department.

© Nurnber of deaths reported by the CHC/CPFPC but not by the Justice Department.

4 Number of deaths reported by the Justice Department but not by the CHC/CPFPC.
e Estimated number of deaths missing from CHC/CPFPC and Justice Department sources.

" Proportion of estimated deaths derived from the list obtained by reconciling the Justice Department and combined CHC/CPFPC lists. Derived with the following
formula:(a+b+c)=(a+b4+c+x)x100

. Hoa, N.P., Rao C et al., Mortality measures from sample-based surveillance: evidence of the epidemiological transition in Viet Nam. 18
Bulletin of the World Health Organization, 2012. 90(10): p. 764-772.
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Adjusted mortality indicators

Table 2. Summary sex-specific measures of mortality based on WHO, UNPD and Viet Nam census data for the 16 study provinces,

Viet Nam, 2009

Data source Per cent data Life expectancy Risk of deathin Risk of death Remaining years

completeness at birth children under5 at ages 15-59 of life at age 60
(95%C1) (95% C1) [e0] (deaths per 1000) [5q0] (deaths per 1000) [45q15] [e60]

Males

Surveillance sample (unadjusted) = 744 (74.0-74.8) 74 163 209

Surveillance sample (adjusted)®  81.1 (74.1-87.1) 704 (70.1-70.8) 24.6° 199 194

Viet Nam census (unadjusted) = 752 (75.0-75.4) 10.9 157 221

Viet Nam census (adjusted)® 656 (-) 68.8 (68.6-69.0) 16.5 230 179

WHQ (2009) NA (modelled) 69.8 (-) 246 173 17

UNPD (2005-2010) NA (modelled) 723 () No data 139 No data

Females

Surveillance sample (unadjusted) - 823 (82.0-82.7) 58 57 25.1

Surveillance sample (adjusted)®  81.3 (74.4-87.1) 78.7 (78.4-79.0) 23R 71 236

Viet Nam census (unadjusted) - 85.2 (85.0-85.6) 8.8 50 284

Viet Nam census (adjusted)® 578(-) 778 (77.5-78.0) 15.7 86 224

WHO (2009) NA (modelled) 745 (-) 226 107 19.8

UNPD (2005-2010) NA (modelled) 76.2 (<) No data %6 No data

(I, confidence interval; NA, not applicable; UNPD, United Nations Population Division; WHO, World Health Organization.

¢ Adjusted for data incompleteness and mortality in children under 5 years of age.

b Adjustment by the Preston-Coale method.
“ WHO estimate.

19
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Acknowledgement: This study was a PhD thesis by Dr Salah al Muzahmi passed by the
University of Queensland, Australia in 2016

Study covering entire population of Omani nationals (excl expats)

Data sources — Health system routine data 2010 (Source 1)
Census 2010 one year recall (Source 2)

Three rounds of matching — electronic plus manual

Analysis — capture-recapture adjustment of completeness of death
notification data

20
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Table 1 Variables by source
Variable BDNS database Census 2010 database

Notification number

Reported institution

Name of deceased

Name/tribe name of applicant™*

Governorate/region

Wilayat (district)

P Y1 B

Town/village

Locality or compound

Sex

Date of death

2 2 2 22 2] &

< 2 L

Age at death

Date of birth Y

* The applicant for death registration, as well as the census respondent, is assumed to be from the same household and tribe as
the deceased. Hence the tribe name of the deceased would be the same as the tribe name of the BDNS applicant as well as the
census respondent. Hence, the tribe names were used in the matching process. 21
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Table 1 Missing/duplication of the primary variables.

Items Birth and death Census
notification system
database
Total records 6,039 5,400
Missing date of death 0 on
Duplicates 3 19
Missing age 652 0
Missing sex 18 0
Missing governorate 457 0
Missing Wilayat 535 0
Missing nationality 18 0
Missing Wilayat and governorate 457 0
Records used in matching 6,036 5,381
~ Date of death in the census dataset is divided into three variables (year, month and day); there are 153 records with unknown 22

day and month
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FIRST ROUND

Table 14 Summary findings of the first phase of the matching process Table 15 Summary findings of the phase two of matching process Table 17 Summary findings of the third round of matching process

SECOND ROUND THIRD ROUND

Records

Record
Records core

Matched records in the first round
Not matched from Death notification
Missing age

Missing governorate

Missing wilayat

Missing village/locality

Reasons for mismatch
. Variations in

. Spellings

. age

. address

date of death

56 Matched EiCCOl'delg fo age 2.983 Matched records after third corrections 4@

5468
500
435
502
1022

Matched according to date of death 3,078~ Notmatched 1.217
Reasons for un-matched records®
Matched according to gender 3,252 Missing age 192
. g Missing governorate 168
Matched according to wilayat/village 3,284 o .
" Missing wilavat/village 179
.. 2983 o ents i
Total matched records on all variables IRl CUERE (LR 00

49.500 * Some records remained unmatched due to = 1 missing variable

—

Correction strategy Correction strategy

. Corrected spellings, address . Field verification of variables for
variables, unmatched cases from health records

. 5 year margin for age, if . 10 year margin for age for deaths above
matched on other variables 65 years, if matched on other variables

. One month margin for date, if . Two month margin for date, if matched
matched on other variables on other variables

23



Australian
QS National

S22 sty FINal Results

:Table 18 Overall completeness of reporting of deaths

census 2010

Yes No Total

Death Yes
notification
S}TStEI[I No 562 142 644

4,819 1,217 6,036

Total 5,381 1359 6,740
1
0.1
0.01 //
0.0001
0-4 5-14 15-24 25-44 45-64 65-84 85+

== Observed Males ==lll==Observed Females

= A== Adjusted Males  ==>@= Adjusted Females

Figure 1: | og plot of Age and sex specific death rate (Observed vs Adjusted),
Oman 2010

Sem Governorate Completeness Adjosted LE in
rate (05% CT) vears (95% CI

Ad Dhakhliyah 92 (90-95)  73.7 (724 - T4.5)

Ad Dhahira 86 (83 -910 711 (T0.4- 735

Al Buraymi™ 81 (71-91)  21.0(77.1-84.7)

T(R2-91% 753 (735 -TT.00

hlales Bdnsandam™ 83 (71-95)  83.6 (775 - 80.6)

MIuscat BT (84-00) 742 (T31-T52)

M AlBatinak 93 (91 -95)  T3.0 (710 - T4.00

™. Shargiyah 98 (86-93)  74.1 (723 - 75.8)

% Al Batinah 91 (80-94)  73.3 (T20- T4.6)

5. Shargivah =~ 92 (80-93)  TT.0(T5.0-To.0)

Total 90 (B0 -91) TFI.T(733I -T4D)

Ad Dhakhlivah 91 (88-94) 7.8 (77.4 - 80.2)

Ad Dhahira 87 (82-93) 821 (79.7-243)

Al Buraymi™ B4 (72-97) B3 4(79.2 - 7.6}

Dihofar 82 (83-93) S0.2 (7B 4-22.0)

Females 34 ondam™ 67 (46-8T)  70.6 (T6.1 - £3.2)

Mfuscar B (FE-86) =03 (791 - 81.5)

M AlBatinak 97 (95-98)  S0.6 (783 - 22.00

. Shargiyah 00 (86 -95)  70.3 (775 - 21.3)

5 Al Batinah = 90 (26 - 93) 81.5(20.0 - 83.2)

5. Shargivah B9 (84 -94) 6.3 (34.1 - 38.4)

Total B0 (82 -90)  20.0 (79.5 - 30.4)

L+
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Central Java — record linkage/matching across three sources (health system,
vital reqgistration, independent survey)

Independent survey and record linkage/matching conducted only in a sample
of villages from the overall study population

Completeness of health system data calculated as a proportion of total deaths

obtained from the reconciled list of uniaue deaths
PEKALONGAN SURAKARTA

Total deaths = 306 Total deaths = 536
Completeness = 73% Completeness = 55% 25
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Conditions for using capture-recapture methods are ‘data driven’ as compared
to the demographic assumptions of underlying fertility /mortality/population
growth/migration patterns in the study population

The data collection procedures allow direct assessment of bias and error

Independent survey findings can identify systemic weaknesses in registration

Involvement of local staff in matching builds awareness for improving registration

Age specific measures of completeness

Data reconciliation from additional sources helps fill data gaps in cause of death

information
26
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- Availability of computerised data sources from registration and census/surveys

- Electronic linkage vastly reduces logistical challenges of manual matching

- Wider use and recording of Unigue Identifiers which are invaluable for linkage

 Potential to improve data quality of recorded variables used in matching (name
spellings; address variables, age, date of death etc)

 Explicit rules and probabilistic approach using computerised datasets can be
applied to test a range of scenarios and judge cut points for specific criteria

' Routine application of these methods in India and China serve as robust
examples of their general acceptability

27
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Mortality estimates by age, sex and cause are universally recognised as
essential data for population health assessment

To the extent that the dictum since 1990 has been
WHERE THERE IS NO DAT#, MODEL IT
Currently, modelling is guided by national mortality data availability score

‘Percent well certified’ = completeness (%) * (1 - % fll-defined causes’)

Lower the score, higher the extent of statistical modelling for estimation (GBD)
28
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Negligible = 0-34%: Partial = 35 — 84%: Adequate = 85%

Table 2 Distribution of countrias by mortality data quality rating® sasccording to geographny and population siza
Ata gquality ral:ln-[:-_

WHO regiond Population Hd}gligible- Pan tial Adaeguate Total
africa

=10 rm 1= =2 1 12

10—S0Orrm 22 (0] o ==

=510 rm — =2 o (=
Armericas

=10 rm 1 16 L= ==

10—S0Orm =2 5 5 12

=50 m L] 1 = =
Eastern Maditerransan

=10 rm L= =2 o B

10-—50rm = 3 o 11

=50 m 1 = k 3
Eurcpa

=10 rm = 13 15 32

10-—50rm 1 b= ] 5 14

=50 rm L] = 3 L=
South east Asia

=10 rm =2 0 3

10—-50rm = 1 o 3

=50 rm 1 4 Tk 5
Wiastarm Pacific

=10 rm 10 4 =2 18

10—-50rm = 1 1 =

=50 rm 1 4 O 5
Wiorid

=110 rm 38 35 24 10D

1050 rm = 15 11 (=" =]

=50 rm a 1= [= =29
Tot=l B2 T= 41 195




¥ What next?

« Completeness estimation -a combination of science and art

« Existing and future ‘market’ for completeness estimation
over next 3 decades, as CRVS systems develop globally

« Current market monopoly at global level

* Need for new players at country level, along with simple
methods for error measurement

30



