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Abstract

Background: We aimed to evaluate completeness and accuracy of the Golestan Death Registry (GDR) to identify cancer-related
causes of death (CCoD).

Methods: The GDR data (2004-2015) were compared with cancer data collected from clinical/pathological sources (the considered
gold standard) by the Golestan Population-Based Cancer Registry (GPCR). Using a linkage method, matched cases, including
subjects with CCoD and those with ill-defined cause of death (ICoD) (garbage codes), were identified and entered into the final
analysis as study subjects. The completeness (percentage of study subjects with CCoD) and accuracy (number of subjects with
correct CoD from the total number of study subjects) of the GDR were calculated.

Results: In total, 3,766 matched cases were enrolled. Overall, the completeness and accuracy of the GDR for identifying CCoD
were 92.7% and 53.2%, respectively. There were variations by cancer site and age group, with completeness and accuracy highest
for brain cancer (96.3%) and leukaemia (79.8%) while the lowest accuracy was observed for colorectal cancer (29.9%). The
completeness and accuracy of GDR was higher in patients aged under 60 years (95.7% and 53.6%, respectively). We also found
higher completeness (93.7%) and accuracy (55.8%) in residents of rural areas.

Conclusion: Linkage of death registry data with cancer registry data can be a significant resource for evaluating quality of the death
registry data. Our findings suggested that completeness of the GDR for identifying CCoD is reasonable, but accuracy is relatively
low. Access to clinical and pathological data from other sources and enhanced training of death certifiers can improve the present
situation.
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Introduction

Cancer is the third leading cause of death (CoD) in Iran,
and cancer control programmes are priorities in the national
health system. Robust cancer mortality data is essential
for public health surveillance and providing necessary
information on the burden of cancer for planning and
evaluation purposes.'® Accuracy and completeness are
important indicators of cancer data quality.*® Comparison
of mortality records with other reliable and accurate
information sources, especially clinical/pathological records,
is a common strategy used in assessing the overall quality
of death data. This can be done routinely linking death

certificate information to relevant medical records available
in hospital and laboratory records or to disease registries
(e.g. cancer registries).”'

The Golestan province, located in Northern Iran, has
been known as a high-risk area for upper gastrointestinal
cancers since the 1970s.!"? Information about deaths,
including cancer-related mortality, is registered using official
death certificates by the Golestan Death Registry (GDR).
The GDR Secretariat is located with the Deputy of Health
at the Golestan University of Medical Sciences (GOUMS).
Accurate and reliable information on cancer patients in
Golestan province are routinely collected by the Golestan
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Population-Based Cancer Registry (GPCR)."*!* The GPCR
collects cancer data from all diagnostic and therapeutic
centers (including pathology centers and hospitals)
throughout the Golestan province. The GPCR is considered
to be of high quality and taken as the gold standard in this
study, having been included in the International Agency
for Research on Cancer’s (IARC’s) Cancer Incidence in
Five Continents series’; it is also a voting member of the
International Association of Cancer Registries (IACR) since
2007. The overarching aim is to assess the accuracy and
completeness of GDR for identifying cancer-related deaths
by linking GDR to the clinical and pathology cancer data
available at the GPCR.

Materials and Methods

This cross-sectional study was conducted on data registered
in the GDR and GPCR from 2004 to 2015. Data on CoD
is routinely collected by the GDR using the International
Statistical Classification of Diseases and Related Health
Problems (ICD-10) coding system,'®"” while the GPCR
collects information on cancer diagnosis using the
International Classification of Diseases for Oncology
(ICD-0)."® In the first phase, the GDR data were matched
with clinical and pathological cancer data registered in
the GPCR from 2004-2015. GPCR cases for which the
diagnosis of cancer was confirmed by clinical or pathological
methods were included in this study, and the linkage method
was used to identify matched cases between the two datasets
on the basis of patients’ demographic information (national
code, first name, last name and father name). In the next
phase, matched cases with specified non-cancer CoD were
excluded from the study, and then GDR matched cases
with cancer-related CoD (CCoD), as well as those with
ill-defined CoD (ICoD) (garbage codes), were recruited as
our study subjects and were entered into the final analysis.
In this analysis, completeness was defined as proportion of
CCoD covered by the GDR and accuracy was defined as
proportion of assigning correct CoD by the GDR.

Completeness analysis explored the proportion of cases
that the GDR could not assign a CCoD code for cancer
cases and classified them as ICoD. That means GDR could
not cover and include these cases in the cancer mortality
dataset, resulting in lack of its coverage or completeness
in identifying CCoD. Therefore, for calculation of GDR
completeness, we divided the number of cases with CCoD
by the total study subjects (the sum of CCoD and ICoD).
In other words, the level of completeness of GDR was
calculated using the formula: number of CCoD*100/total
study subjects.

The aim of accuracy analyses was to identify the
proportion of study subjects for whom a correct cancer code
was assigned by the GDR. At first, the ICD-O codes of the
GPCR dataset were converted into the ICD-10 codes. The
accuracy of GDR data was assessed by comparing the ICD-
10 codes of the GDR with those of the GPCR (considered
as the gold standard). Comparison was made at three-digit

main primary site level and if the ICD-10 code assigned by
the GDR matched with the GPCR code, it was considered as
correct CoD. Thus, the accuracy of the GDR was calculated
using the formula: number of correct CoD (the right type of
cancer)*100/total study subject.

According to results from previous studies,*"” the
completeness and accuracy of mortality data were estimated
to be about 90% and 80%, respectively. We used the
anticipated proportions of incompleteness (10%) and
inaccuracy (20%) in sample size calculation. The precision
levels were considered 1% and 1.5% for completeness
and accuracy, respectively. At the confidence level of
95%, the sample size was calculated at 3,458 and 2737
for completeness and accuracy, respectively. Finally, the
study sample size was considered at about 3500 subjects.
Considering the definition for elderly by the World
Health Organization as well as the mean age of the study
population, the study subjects were categorized into 0-59
years and 260 years old age groups. To assess how quality
of the GDR data changed with time, the study period was
divided into two periods; 2004-2009 and 2010-2015. The
completeness and accuracy of the GDR were calculated for
the most common cancer sites in our population including
esophagus, stomach, colorectal, lung, leukemia, brain,
prostate and female breast.'

Results

In total, 66005 deaths from the GDR dataset were linked
to 18466 incident cancer cases from the GPCR dataset. Of
the 4490 subsequently matched cases, 724 cases specified
as non-cancer CoD were excluded, resulting in 3766 cases
recruited as study subjects and entered into the analysis of
completeness and accuracy (Figure 1). The mean (SD) and
median age of the study subjects were 60.40 (17.6) and 63
years old, respectively, with 59.6% being males.

The overall completeness of GDR for identifying CCoD
was 92.72% (95% CI: 91.85-93.51). Thus, the CoDs in
about 7.28% (95% CI: 6.49-8.15) of cancer cases were
identified as garbage or ill-defined codes during the study
period. Our results suggested the highest completeness of
GDR for cancer sites of brain (96.3%), stomach (95.2%),
breast (95.1%), colorectal (94.9%) and leukaemia
(94.2%). We found that the completeness of GDR was
higher in patients aged under 60 years (95.7%) compared
to older subjects (90.4%). The results also suggested that
completeness of GDR was higher during earlier years
(2004-2009) (94.7%) than the later years (91.4%) of this
study period. We found higher completeness of GDR in
residents of rural areas (93.7%) than the urban population
(91.6%). Table 1 shows distribution of completeness for
GDR by age group, residence area, time interval and main
primary site in males and females.

The overall estimate of GDR accuracy at the main primary
site level was 53.19% (95% CI: 51.59-54.78). Our findings
suggested highest accuracy of GDR for cancer sites of the
hematopoietic system (79.8%), prostate (74.6%), lung
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GDR data, 2004-2015
(66005 cases)

Clinical/pathological cancer data
(18466 cases)
(source: GPCR)

Linkage

Matched cases
4490 cases

724 cases with specified non-cancer
causes of death were excluded

Remaining 3766 cases were
recruited as Study Subjects (SS)

/ Entered into the final analysis /

Accuracy of GDR Completeness of GDR

(Number of cases wtih correct CoD * 100) / SS (Number of cases with CCoD * 100) / SS

Figure 1. Completeness and Accuracy of Golestan Death Registry
(GDR): Study Flowchart. (GPCR=Golestan Population-based Cancer
registry; CoD=cause of death; CCoD=Cancer-related cause of death).

(67.9%), stomach (64.9%), breast (61.4%) and oesophagus
(54.0%). We found higher accuracy for GDR among
death registrations in patients aged under 60 years (53.6%)

than older subjects (52.9%). Our results suggested higher
accuracy for GDR in more recent years of the study period
(2010-2015) (54.6%) compared to carlier years (51.3%).
Accuracy of GDR was higher in rural subjects (55.8%) than
those residing in urban areas (50.2%). Distribution of GDR
accuracy by age group, residence area, time interval and
main primary site in males and females is shown in Table 2.

Discussion

Mortality statistics play a critical role in public health
surveillance for monitoring health and disease status at
the population level and identifying priorities for action.
Reliable mortality statistics are essential in this respect,>!*
and a comparison of death certificate information with
equivalent clinical and pathology data may help evaluate
death certification quality’*' and pinpoint means to improve
its completeness and accuracy. Using such an approach, this
study assessed deaths registry data quality in identifying
CCoD in Northern Iran.

In general, completeness of the GDR for identifying
CCoD was 92.7%. This means that CoDs in about 7%
of cancer cases in Golestan (matched between GDR and
GPCR) could be considered coded as ‘garbage’ or were
‘ill-defined’. A South African study demonstrated that less
than 10% of CoDs were reported with such codes and
completeness of mortality data was reported higher than
90%." In another study from the same country, 12.8% of
registered deaths during a 10-year period were assigned to
ill-defined or garbage codes.” In a study examining death
registrations in Brazil, Franca et al reported a wide range
of completeness (72%-97%) at the regional level.” Several

Table 1. Distribution of Completeness of the Golestan Death Registry in Identifying Cancer-Related Causes of Death in Golestan, Iran (2004-2015), by

Age Group, Residence Area, Time Interval and Main Primary Site

Male Female
Total Number Completeness Total Number Completeness
No. % No. %

Age group (y)

<60 875 838 95.8 808 772 95.5

>60 1370 1239 90.4 712 643 90.3
Residence area

Urban 1002 911 90.9 712 659 92.6

Rural 1244 1166 93.7 808 756 93.6
Time interval

2004-2009 921 866 94.0 595 570 95.8

2010-2015 1324 1211 91.5 925 845 91.4
Main primary site

Oesophagus 324 300 92.6 215 201 93.5

Stomach 439 414 94.3 139 136 97.8

Colorectal 175 166 94.9 119 113 95.0

Lung 214 195 91.1 66 61 92.4

Leukaemia 260 246 94.6 185 173 93.5

Breast — — — 243 231 95.1

Prostate 118 110 93.2 — — —

Brain 109 106 97.2 79 75 94.9
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Table 2. Distribution of Accuracy of the Golestan Death Registry in Identifying Cancer-Related Causes of Death in Golestan, Iran (2004-2015), by Age

Group, Residence Area, Time Interval and Main Primary Site

Male

Female

Completeness

Completeness

Total Number

Total Number

No. % No. %

Age group (y)

<60 875 474 54.2 808 428 53.0

=60 1370 748 54.6 712 354 49.7
Residence area

Urban 1002 515 51.4 712 345 48.5

Rural 1244 707 56.8 808 437 54.1
Time interval

2004-2009 921 476 51.7 595 301 50.6

2010-2015 1324 746 56.3 935 481 52.0
Main primary site

Oesophagus 324 173 53.4 118 215 54.9

Stomach 439 283 64.5 92 139 66.2

Colorectal 175 52 29.7 36 119 30.3

Lung 214 148 69.2 42 66 63.6

Leukaemia 260 201 77.3 154 185 83.2

Breast — — — 151 243 62.1

Prostate 118 88 74.6 — — —

Brain 109 48 44.0 29 79 36.7

Nordic studies have evaluated the quality of death certificates.
A systematic investigation from Denmark suggested that
only 2-3 per 1000 deaths per year were coded as ill-defined
CoD.* Therefore, although the completeness of the GDR
in our study was relatively good, it could be improved by
considering available evidence from other sources.

The accuracy of the GDR was as low as 53.19%. A
Swedish study also reported a low comparative accuracy
(almost 50%, similar to that report for GDR in our study)
of death certificates and hospital records and recommended
use of case summaries — which contains brief medical
records of a patient — to help certifiers make accurate
CoD certification”®; cases lacking these complementary
documents have been shown to have lesser accuracy.® An
American study in 2011 reported a reasonable overall
accuracy of 82.8% and this may have been an overestimate
due to miscoding of CoD for certain cancers under
investigation.* Therefore, in order to improve accuracy of
GDR, clinical and pathology documents should be carefully
investigated by death certifiers.

Completeness and accuracy of the GDR were lower
among older subjects. This replicates the poorer accuracy
seen in death certification in the older age group observed
in Sweden.” Low completeness among this group could
be associated with muldple disease conditions often
seen among the aged, making it difficult to diagnose the
underlying CoD and leading to a greater number of garbage
codes." Therefore, certifiers should be careful to scrutinize
these records thoroughly before assigning CoD.

The completeness of the GDR decreased during the study
period; this might be partly explained by a decline in quality
of the GDR in recent years resulting in more garbage or ill-

defined codes in death certificates. Concurrently, there was
an increase in quality of GPCR," resulting from collection
of clinical and pathology documents for cancer patients
from a wider range of sources. Consequently, more GDR
cases with ill-defined CoD were registered by the GPCR
with defined diagnosis of cancer. Thus, improving GPCR
quality may be a possible explanation for decreasing GDR
completeness during recent years. We found increased
GDR accuracy in more recent years of the study period.
This may reflect improvement in expertise of certifiers and/
or availability of supportive documents due to increase in
diagnostic medical services in the study area. Further studies
may serve to clarify these points.

The completeness and accuracy of the GDR data were
higher among deaths from rural areas compared with urban
areas. This is likely due to better coverage by primary health
care networks in rural areas, where death certificates are
mainly issued by local physicians or healthcare workers who
are in close contact with patients within their catchment
population and may easily access patients medical
documents. This may result in preparing more accurate
death certificates in residents of rural areas; differences
in death registration quality in different areas should be
investigated.

Our results also showed discrepancies in accuracy for
different cancer sites. The GDR had relatively high accuracy
for the hematopoietic system, as well as prostate, lung,
stomach, breast and oesophagus, while the least accurate
was colorectal cancer. The difference in accuracy between
sites may partly be explained by the frequency of deaths
for a given cancer?; for cancers with higher incidence and/
or mortality in Golestan (e.g. oesophageal and stomach
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cancer), there were more certificates to be assigned a CoD
by certifiers, resulting in a greater workload and expertise for
certifiers regarding, for example, the clinical presentation of
these cancers.!® In addition, the possibility of an extension
or metastasis of a tumour to neighbouring organs (e.g.
colorectal cancers) may make it difficult for a certifier to
identify the primary site of cancer and to assign a correct
code for CoDs.” Tailored training programs for certifiers
that includes cancer epidemiology and clinical presentation,
especially rarer cancers, may result in increased accuracy of
the GDR.?%

In conclusion, linkage of death registry data with cancer
registry data can be a significant resource for evaluating
quality of death registry data. Our findings suggest that
completeness of the GDR in identifying CCoD was
reasonable, but accuracy was relatively low. Our results
indicated higher rates of completeness and accuracy in
patients under 60 years old and for specific cancer sites,
while quality of data was also relatively better for deaths
occurring in rural versus urban areas. Access to clinical
and pathological data from multiple sources, especially
from other disease registries, may help improve quality of
the death registry data. Death certifiers should be trained
and made aware of factors related to the quality of death
registry data and should consider scrutiny of wide range of

information sources when issuing death certificates.
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