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Abstract

In 2016, the Bloomberg Philanthropies Data for Health initiative assisted the Philippine Statistical Authority in imple-
menting Iris, an automated coding software program that enables medical death certificates to be coded accord-

ing to international standards. Iris was implemented to improve the quality, timeliness, and consistency of coded

data as part of broader activities to strengthen the country’s civil registration and vital statistics system. This study

was conducted as part of the routine implementation of Iris to ensure that automatically coded cause of death data
was of sufficient quality to be released and disseminated as national mortality statistics. Data from medical death
certificates coded with Iris between 2017 and 2019 were analysed and evaluated for apparent errors and inconsist-
encies, and trends were examined for plausibility. Cause-specific mortality distributions were calculated for each

of the 3 years and compared for consistency, and annual numeric and percentage changes were calculated and com-
pared for all age groups. The typology, reasons, and proportions of records that could not be coded (Iris rejects’) were
also studied. Overall, the study found that the Philippine Statistical Authority successfully operates Iris. The cause-
specific mortality fractions for the 20 leading causes of death showed reassuring stability after the introduction of Iris,
and the type and proportion of rejects were similar to international experience. Broadly, this study demonstrates

how an automated coding system can improve the accuracy and timeliness of cause of death data—providing critical
country experiences to help build the evidence base on the topic.

Introduction

Reliable mortality statistics (on both fact and cause of
death) are crucial for public health, medical research,
evaluating interventions, and setting health priorities
[1]. The underlying cause of death, which is the disease
or injury that initiated the train of events leading to
death, is the most important aspect of the medical death
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certificate [2]. To standardise mortality data and make
them globally comparable, the International Statistical
Classification of Diseases and Related Health Problems
(ICD) was developed and adopted by all World Health
Organization (WHO) Member States [3]. The ICD con-
tains rules on how cause of death data should be coded.
Consequently, mortality coders must be trained in the
ICD and systematically apply its coding rules.

In the Philippines, like in most countries, the source of
cause of death data is the medical death certificate, and
around 90% of registered deaths have such a certificate
[4]. In 2016, the Philippines Ministry of Health joined the
Bloomberg Philanthropies Data for Health (D4H) Initia-
tive to improve the quality of cause of death data, with the
aim of strengthening informed decisions regarding policy
and health programs. As a partner of this Initiative, D4H
has assisted the Philippine Statistics Authority (PSA) in
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implementing Iris, an automated coding software program
that enables medical death certificates to be coded accord-
ing to ICD standards. Before the introduction of auto-
mated coding, 30 coders in the Vital Statistics Unit at PSA
manually coded approximately 580,000 death certificates
each year, routinely taking 2-3 years to produce mortal-
ity statistics for the country. Manual coding is associated
with a high workload for coders and can result in untimely,
erroneous, and inconsistent coded data [5, 6].

Automated cause of death coding software: Iris
Automated systems for the classification and retrieval of
cause of death information reported on medical death cer-
tificates began in the 1960s with ACME, introduced by the
National Center for Health Statistics [7]. A more recent
development is Iris, a software for the automated coding
of multiple causes of death and for the selection of the
underlying cause of death. The Iris system, managed by the
German Federal Institute of Drugs and Medical Devices,
is free to download and provides a consistent application
of ICD coding rules—improving national consistency and
international comparability. The software is governed and
maintained by a user group including the countries who
use Iris. All mortality coding rules included in the software
are based on decisions of the WHO Mortality Reference
Group. While Iris has been implemented in 25 countries,
the Philippines was the first country in Asia to implement
it for routine coding, with India introducing the software
in 2018 as a coding aid, and Taiwan introducing Iris in
2019 for routine coding [8].

Iris can be used in any language, provided the included
dictionary is translated and populated with local diag-
nostic expressions. All entries on the death certificate are
assigned an ICD code and the selection of the underlying
cause of death is guided by a set of overarching princi-
ples developed by WHO and outlined in Volume 2 of the
10th edition of the ICD (ICD-10) [9]. Prior to the release
of ICD-11, the ICD-10 classification and coding rules for
selection of an underlying cause of death were reviewed
regularly by the WHO Mortality Reference Group with
updates implemented annually. These ICD updates were
also implemented into Iris on annual basis, ensuring
cause of death coding practices within Iris were up to
date. Version 6.0 of Iris is currently undergoing updates
to align with ICD-11, with regular updates from the
Mortality Reference Group planned to continue as with
ICD-10.

Although selection of the underlying cause of death
and corresponding ICD code is mostly done automati-
cally by Iris, there will always be a certain number of
medical death certificates that cannot be coded automati-
cally and hence, will be rejected by Iris. This can be due
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to spelling mistakes or other simple errors on certificates,
which can be corrected and then re-entered into Iris [10].

While not altering the classifications or their rules, the
implementation of automated coding software can affect
the assignment of underlying cause of death codes. In Aus-
tralia, the change from manual to automated coding in 1997
significantly affected the consistency of mortality statistics,
particularly for deaths due to senile/presenile dementia and
pneumonia [11]. Minor deviations in major causes of death
were also reported in Ireland [12], the Netherlands [6], and
Scotland [13] after the introduction of Iris.

Implementing Iris in the Philippines

In September 2016, D4H together with the Australian
Bureau of Statistics (ABS), who also use Iris, visited the
Vital Statistics Unit in the Philippines to co-develop a
roadmap towards Iris implementation and to verify the
critical pre-conditions for Iris, basic ICD knowledge and
information technology (IT) infrastructure, were in place.
Even though multiple languages are used in the Philip-
pines, medical documentation, including certification of
cause of death, is done in English. Therefore, the Iris Eng-
lish dictionary used by the Office of National Statistics in
the United Kingdom was adopted for use in the Philip-
pines. Common diagnoses and diagnostic expressions
used by physicians were included in the dictionary. Iris
language standardisation tables were also customised to
map various diagnostic expressions to the Iris dictionary.

A clear understanding of registration and data collec-
tion processes was established through the development
of business process maps. Process mapping supports a
better understanding of complex systems and enables
adaptation of interventions to the local context [14].
Based on these maps, several key changes were imple-
mented to the civil registration and vital statistics (CRVYS)
system, most significantly, that PSA’s Regional Offices
became responsible for entering all the information on
medical death certificates directly into the central CRVS
database—the Decentralized Vital Statistics System
(DVSS)—enabling centralized coding.

Some internal processes in the Vital Statistics Unit
were also clarified and changed, and coders were trained
in WHO ICD-10 rules for selecting the underlying
cause of death, including how to use the mortality deci-
sion tables. Mortality decision tables are a set of tables
originally developed by the National Centre for Health
Statistics, United States of America, to help coders eas-
ily understand causal relationships and apply mortality
coding rules. Together with the IT team, the Iris process
was mapped, and changes made to the DVSS to enable
the database to store the data in a different format, com-
patible with Iris. A PSA programmer wrote an interface
program to allow the import of data into Iris from DVSS
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(see Fig. 1). The existing DVSS program, with the help
of interface program, transfers medical death certificate
data into Iris and the coded data are fetched from the
Iris’s Microsoft access certificate database.

Once these pre-conditions were in place and updated
IT processes were operational, a full pre-testing of Iris
and its work processes, including those of the interface
program, was completed in April 2017 by D4H, with sev-
eral issues resolved to reduce the number of Iris rejects
(38% in the first batch processing round). After the pre-
test, a formal 5-day training on Iris was conducted for
PSA coders in June 2017 by D4H, covering (1) the Iris
module; (2) the DVSS—Iris interface program module;
(3) the administrative module; and, (4) the ICD module.
Following training, participants were able to:

« Understand the different operations of Iris.

« Use Iris in both text (user enters diagnostic text into
Iris) and code (user enters ICD codes) entry modes.

+ Use the DVSS—Iris interface program to transfer
medical death certificate data into Iris.

« Attend successfully to the different types of Iris
rejects.

As part of ongoing monitoring, evaluation, and learn-
ing activities, medical death certificate data that were
coded with Iris between 2017 and 2019 were analysed
and evaluated by PSA with the support of technical
experts from D4H. Assessments focused on the 20 lead-
ing causes of death, which are responsible for approxi-
mately 88% of all deaths in the Philippines, and followed
three main approaches:

1. Dual coding A sample (N=207,508) of medical death
certificates were both manually coded and coded
with Iris from January to May 2017 In order to assess
the level of agreement between manually coded cer-
tificates and those coded by Iris. The comparability
ratio (CR) between the two coding sources was cal-
culated. The CR is defined as the number of deaths
coded manually for a particular ICD code, divided by
the number of deaths coded by Iris to the same ICD
code [11]. The closer this ratio is to 1.0, the higher the
level of agreement between the two coding sources.
It should be noted that, while the CR compares
the number of deaths assigned to the same ICD-10
code, it does not imply that the same individual was
assigned the same code.
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2. Reviewing Iris rejects for obvious errors and incon-
sistencies Common errors include the assignment of
non-standardised ICD-10 codes, or codes that are
incompatible with the age and/or sex of the deceased
(for example, assigning ovarian cancer to a biologi-
cal male). Codes were examined for consistency and
plausibility by comparing them with data from previ-
ous years.

3. Calculating cause-specific mortality fractions (CSMFs)
CSMFs were calculated for each of the 3 years and
compared for consistency, and annual numeric and
percentage changes were calculated and compared
for all age and sex groups. The age pattern of CSMFs
provide valuable information about the distribution of
causes of deaths in a population. They help to identify
leading causes of death, which is important for public
health planning, resource allocation, and policy devel-
opment. CSMFs are used to estimate the burden of dis-
ease in a population, and changes in mortality patterns
over time.

The quality of data coded by Iris was also assessed by
looking at the number and pattern of Iris rejects. When
information entered into Iris is not sufficient to iden-
tify a code for the underlying cause of death, the record
is rejected, and manual intervention is needed. Most
records are rejected because of minor errors that can
easily be solved and corrected by a trained coder, before
being re-entered into Iris. There are two major types of
rejects:

1. ‘Code’ rejects. This is when a specific code is not
available in the dictionary for a diagnosis written
on the medical death certificate. This may be due to
different local expressions of diagnoses for which
the dictionary and the standardisation tables can-
not match a specific ICD code. Records that contain
typos are also counted as code rejects, as no corre-
sponding ICD codes exist for such entries.

2. ‘ACME maybe’ Iris uses mortality decision tables to
understand causal relationships and to apply mortal-
ity coding rules. An ACME maybe reject means that
the decision tables recognise some causal relation-
ships as unsure or undecided, requiring an expert
coder (Nosologist) to review the record for further
processing.

Interface Interface
program program

Fig. 1 Data flow from DVSS into Iris



Gamage et al. Population Health Metrics (2024) 22:24

At PSA, Iris is run on individual desktop computers,
and therefore it is not easy to study the typology pattern
of Iris rejects for all batches of medical death certificates
processed through the software. However, in 2018 it was
possible to study several batch-processing lots to iden-
tify common types of rejects. The typology, reasons, and
proportions of Iris rejects were studied for this sample of
certificates (N=590,709).

Assessing the quality of automated coding
Over 1.79 million deaths were coded using Iris during
the 3 years analysed. In 2017, when Iris was first imple-
mented, the PSA coding team dual-coded medical death
certificates for a period of 5 months between January
and May. During this time, 207,508 certificates were
coded with Iris, and 215,693 were coded manually. This
was considered to be a robust sample for analysis, rep-
resenting approximately 40% of deaths registered that
year. Analysis of the 3-digit underlying cause of death
codes between Iris and manually coded medical death
certificates revealed a 76% match between the two coding
sources. This is considered a high-level match.

Time series analysis completed for the 20 leading
causes of death (2014-2017) and analysis of the CR for
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medical death certificates that were dual-coded in 2017
showed that despite some changes, trends remained rel-
atively stable (see Table 1). The largest change was seen
with the rise in deaths from ‘X95—homicide, gun type
unspecified (CR=0.57, 95% CI 0.56-0.58). The PSA
coding team previously had a business rule that all gun
deaths were coded to handgun homicides (‘X93’), regard-
less of if the type of gun was specified or not. As gun type
is generally not reported on the medical death certificate,
the coding of “X95’ in Iris, as opposed to ‘X93’ (handgun
death) via manual coding, was considered more accu-
rate, and the increase in deaths coded to X95 assessed
as plausible.

Table 2 shows the total number of deaths each year and
the percentage change between the two periods (2017—
2018 and 2018-2019) for the 20 leading causes of death
coded by Iris. Population growth was reflected in the
growing number of deaths each year, which amounted
to 2% between 2017 and 2018 and 5% between 2018 and
2019. In a country such as the Philippines, one would
expect that noncommunicable diseases would dominate
the cause of death distribution. This was the case for
each year where they consistently accounted for more
than half of all deaths, while communicable diseases

Table 1 Annual number of deaths, 20 leading causes of death and the comparability ratio (CR) with confidence interval, manually and

Iris-coded deaths, 2014-2017, the Philippines

Underlying cause of death (3-digit ICD-10 level) Annual number of deaths CR(2017) CR95%
confidence
interval

2014 2015 2016 2017 (manual) 2017 (Iris) Lower Upper

121 Myocardial infarction 44,503 50,656 56,249 56,952 58,154 0.98 0.97 0.99

J18 Pneumonia 52,276 49,462 57,720 50,710 47,590 1.07 1.06 1.08

164 Unspecified stroke 21,090 22,549 21,115 18,355 19,848 0.92 091 0.94

A16 Tuberculosis 22,506 24473 24,303 19,769 19,162 1.03 1.02 1.05

1617 Hemorrhagic stroke 14,658 17,921 17,687 17,352 16,070 1.08 1.06 1.10

111 Hypertensive heart diseases 21,534 23,818 23,663 17431 14,861 117 1.15 1.19

E14 Unspecified diabetes 14,228 15735 15057 13318 13,234 1.01 0.99 1.02

E11 Type 2 diabetes 15422 17,713 17,402 16,073 13,022 1.23 1.21 1.26

144 COPD 12,758 12,588 13,816 12,187 12,439 0.98 0.96 1.00

125 Ischemic heart disease 15,624 14,626 14,711 12,103 10,747 1.13 1.11 1.15

R99 Unknown 8059 7483 8104 7207 10,697 0.67 0.66 0.69

V89 Unspecified transport accidents 8203 9315 10,241 9607 9278 1.04 1.01 1.06

X95 Homicide gun type unspecified 330 19 148 4572 8023 0.57 0.56 0.58

N18 Chronic Kidney failure 7552 7101 7160 7966 7946 1.00 0.98 1.02

(34 Lung cancer 8173 9027 9046 8203 7517 1.09 1.07 1.12

C50 Breast cancer 7243 7845 8436 8153 7313 1.11 1.09 1.14

167 Cerebrovascular disease 7342 6421 6604 5988 7044 0.85 0.83 0.87

146 Cardiac arrest 11,171 11,447 9927 8246 6458 1.28 1.25 131

150 Heart failure 9122 8620 7962 6919 6185 1.12 1.09 1.15

A41 Sepsis 6606 6996 7019 7378 5496 1.34 1.31 1.38

Total deaths (20 leading causes of death) 308,400 323,815 336,370 308,489 301,084
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Table 2 Annual number of deaths for the 20 leading causes of death and percentage change over time, 2017-2019, the Philippines

Underlying cause of death

Annual number of deaths

Percentage change over time

(%)
2017 2018 2019 2017-2018 2018-2019

Ischemic heart diseases 84,120 88,433 97,427 5.13 1017
Neoplasms 60,807 63,454 64,728 4.35 2.01
Cerebrovascular diseases 59,774 61,959 63,532 3.66 254
Pneumonia 57,210 56,815 62,706 —-0.69 1037
Diabetes mellitus 30,932 32,106 34,557 3.80 7.63
Hypertensive diseases 26,471 26,836 27,762 1.38 345
Chronic lower respiratory diseases 24818 24,820 26,574 0.01 7.07
Symptoms, signs and abnormal clinical and laboratory findings, 20,680 21,918 23,093 5.99 536
not elsewhere classified

Respiratory tuberculosis 22,523 22,103 22,566 -1.86 2.09
Other heart diseases 22,134 20,042 20,411 —945 1.84
Remainder of diseases of the genitourinary system 15,717 16,029 17,247 1.99 7.60
Transport accidents 11,399 12,536 12,797 9.97 2.08
Certain conditions originating in the perinatal period 11,054 11,768 11,260 6.46 —432
All other external causes 11,567 10,902 10,914 —5.75 0.11
Diseases of the liver 9425 9968 10,354 576 3.87
Remainder of diseases of the digestive system 9574 9115 9367 -4.79 2.76
Assault 11,845 9916 8830 -16.29 -1095
Remainder of diseases of the nervous system 7057 7351 8227 4.17 11.92
Remainder of endocrine, nutritional and metabolic diseases 7128 6903 7083 -3.16 261
Remainder of diseases of the respiratory system 5554 5928 6457 6.73 892
Total (20 leading causes of death) 579,237 590,709 620,414 1.98 5.03

were less than 15%. Transport accidents and assaults,
both external causes, each accounted for under 2% of all
deaths. Changes in the 2018-2019 period were not sig-
nificantly different from previous years’ data, except for
the decrease in assaults, which declined by 16% between
2017 and 2018 and by 11% between 2018 and 2019.

The cause-specific mortality fractions (CSMFs) for the
five leading causes of death showed reassuring stability
over the 3 years analysed (see Fig. 2).

Given the decentralised nature of the Philippine CRVS
system, Iris is installed on multiple computers, and access
to centralised coding logs is limited. Further, once rejects
are reviewed by coders, they are subsequently amended
and re-entered into Iris and the final code is assigned—
thus deleting the error log. Based on available infor-
mation from 2018, the number of rejects was initially
around 50% in the Philippines. Most of the rejects identi-
fied fell into the ‘code’ category. For example, it was found
that many physicians used the term ‘community-acquired
pneumonia high-risk’ when completing medical death
certificates, however this diagnosis is not a standard term
available in the ICD or in the Iris dictionary.

Improving mortality statistics

The extensive use of mortality statistics for public health
programmes and research purposes requires targeted
efforts and funding to improve the quality of cause of
death data. In turn, this primarily depends on the qual-
ity of cause of death certification and coding [15]. While
the introduction of new tools to assist in mortality cod-
ing can improve the timeliness and accuracy of cause of
death data, they can also introduce new or unforeseen
errors. This study was conducted as part of the routine
implementation of Iris in the Philippines to ensure that
automatically coded cause of death data were of sufficient
quality to be released and disseminated as national mor-
tality statistics.

While the primary purpose of this study was to under-
stand if the underlying cause of death code attributed by
Iris was accurate, rather than ascertaining the reasons
why it differed from those derived during manual cod-
ing, several important observations were noted. There
was a substantial decline in deaths due to assaults during
2017-2018 and 2018-2019. This should be investigated
further as it is unlikely that a policy change would have
caused it. It is recommended that if there is no obvious
explanation for this, it may be useful to pursue this trend
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Fig. 2 Cause-specific mortality fractions (CSMFs) for the 20 leading causes of death, 2017-2019, in the Philippines

and investigate what type of assaults are responsible for
the decrease and what age groups are affected. It could be
fictitious and caused by changes in how police or coro-
ner’s report these deaths, or an introduced error as part
of automated coding with Iris.

Some of the smaller changes that occurred could be
explained in part by population ageing. For instance,
increases between 2018 and 2019 in ischemic heart dis-
eases (10%), pneumonia (10%), and the category 'remain-
der of the nervous system, which includes dementia and
degenerative brain diseases (12%), could due to popula-
tion ageing. However, it remains important to continue
to monitor these trends, and frequently assess if the
underlying assumptions around population dynamics
and the leading causes of death hold true.

While a full assessment of the type and level of rejects
was not possible as part of this study, results are similar
with what has been observed in other locations. In the
Netherlands, for example, Iris could code 69% of medical
death certificates without any manual intervention. Of
the rejected death certificates, the main reason for rejec-
tion was ‘code rejects’ (76%) [10]—similar to what was
observed in the Philippines.

The year 2022 is the sixth year that cause of death data
collected by the CRVS system in the Philippines have
been automatically coded with Iris. Each year before

dissemination, the data have undergone a thorough
assessment to ensure they correctly describe the popu-
lation’s mortality profile and can be used for policy pur-
poses to make further improvements. As the Philippine
population is still growing rapidly, the number of deaths
is also increasing annually. This together with popula-
tion ageing makes it difficult to depend on raw numbers
to assess changes and trends. In future assessments, it is
recommended that PSA also prepares standardised death
rates for the 20 leading causes of death. This would allow
the separation of these two factors on observed changes
in mortality for the country.

The use of Iris by PSA has helped to strengthen cen-
tralised coding practices as the software applies mor-
tality coding rules in the same way each time medical
death certificates are coded. When new diagnoses are
added to the dictionary, Iris codes the diagnoses con-
sistently. Compared to manual coding, automated cod-
ing increased the availability of mortality statistics,
with data from 2017 available by January 2019—almost
1 year earlier than with manual coding. While Iris
does not replace the need for skilled mortality coders
entirely, it enables coders to focus on difficult cases by
successfully coding the vast majority of deaths.

Experiences of the Philippines in implementing Iris
offers great insight for other countries considering



Gamage et al. Population Health Metrics (2024) 22:24

automated coding software. Automated coding soft-
ware both considerably reduces the workload for
manual coders, while improving the accuracy and time-
liness of cause of death data through the systematic
application of coding rules. With the introduction of
ICD-11, automated coding may offer significant advan-
tages to countries during the transition phase, includ-
ing an increased ability to conduct dual coding and
monitor for changes in mortality statistics. However,
the change from manual to automated coding can bring
about changes in the distribution of leading causes of
death. It is important that both coders and end-users
of national mortality statistics are aware of these poten-
tial changes when studying trends over time and rou-
tine quality assessments are carried out to detect and
explain unusual or unexpected changes. Continuing to
build the evidence base on Iris implementation and use
by sharing country experiences, as with the example
here from the Philippines, will help improve the qual-
ity of the Iris software itself, and in turn, the quality of
mortality statistics worldwide.
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