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Preface

This volume contains presentations delivered at the third plenary meeting of the International Collaborative
Effort (ICE) on Automating Mortality Statistics held April 7-10, 2003 in Washington, DC. The mission of the
ICE on Automation is to (1) share knowledge and experience of automated systems for coding mortality
information, (2) develop and improve existing automated systems through international collaboration, (3)
facilitate the transition to ICD-10 for mortality, and (4) establish mechanisms for technical support of automated
systems. At the third ICE plenary, over 80 participants from 25 countries came together to discuss these issues.

The third ICE plenary meeting recognized the continuing, and largely successful, efforts to implement the
recommendations of the first ICE meeting. These recommendations led to the establishment of the Mortality
Forum, the WHO Mortality Reference Group, the WHO Electronic Tools Committee, the WHO Subgroup on
Education, and the NCHS international training program on mortality coding for automated systems, all in the
years following the first ICE plenary. These groups are now firmly established in the international sphere and
follow a regular routine of meetings and other activities.

The third plenary meeting also saw the introduction of several themes that will remain the focus of the ICE
on Automation in future years: growing international collaboration on the development of automated coding
systems; the widespread and growing interest in electronic registration of deaths and certification of cause of
death; and efforts to simplify the adaptation of automated coding systems for use in different languages. The
conference included presentations on a variety of topics related to automating mortality statistics, including
comparability studies, automation and coder training, electronic death registration, language issues in automated
systems, analysis of multiple causes of death, and knowledge and data dissemination. In addition, a panel
discussion on data quality used an innovative question-and-answer format to provide expert answers and
discussion of issues raised by the conference participants.

We remain very pleased with the interest and collaboration generated by this ICE, and look forward to
continuing this activity into the future.
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Opening Remarks







Welcome

Dr. Robert N. Anderson, National Center for Health Statistics, Centers for Disease Control and Prevention,
U.S. Department of Health and Human Services

On behalf of the planning committee, I welcome you to the third meeting of the International
Collaborative Effort on Automating Mortality Statistics (ICE). I am sure that over the next few days we shall
have some fruitful discussions that will help us all in our efforts to improve or implement automated systems
in our respective countries.

Before we proceed, I want to be sure to acknowledge some of the people without whom we would not
have been able to put together this conference: Ken Kochanek and Ari Minifio of the Mortality Statistics
Branch at the National Center for Health Statistics (NCHS), Juan Albertorio of the Office of International
Statistics at NCHS, Pat Drummond of the Office of Management at NCHS, the staff of Courtesy Associates,
and Suzanne Howard who assisted on logistics.

I also want to especially acknowledge the contributions of Sam Notzon, who has been tireless in his
efforts to make sure that this conference was organized and implemented. Also, let me acknowledge the
members of the planning committee who put together the sessions and secured the speakers.

Now I would like to turn the podium over to Dr. James Weed, Acting Director of the Division of Vital
Statistics at NCHS, who will provide welcome. Following Dr. Weed will be Dr. Ed Sondik, the Director of the
National Center for Health Statistics.



Welcome

Dr. James Weed, National Center for Health Statistics, Centers for Disease Control and Prevention,
U.S. Department of Health and Human Services

It is a pleasure for me to greet you all as the Acting Director of the Division of Vital Statistics. I have
served as Deputy Director of the Division for 19 years and only recently became Acting Director upon the
retirement of Mary Anne Freedman this past February. The position of Director has been advertised, and now
we are waiting to see who the next Director of the Division will be.

As most of you know, the United States has a decentralized vital statistics system. The registration of
vital events in the United States is a State, and not a Federal function; thus, we have a total of 57 registration
jurisdictions, including 50 States, the District of Columbia, New York City, and the 5 U.S. territories of Puerto
Rico, the Virgin Islands, Guam, American Samoa, and the Northern Marianna Islands. Coordination of the U.S.
national vital statistics system is based on cooperative relationships between NCHS and all of these registration
areas. Uniform data collection is therefore critical if we are to have coherent and comparable national
mortality statistics. The development and maintenance of the U.S. automated mortality medical
systems—including Automated Classification of Medical Entities or ACME, Mortality Medical Indexing,
Classification, and Retrieval or MICAR, SuperMICAR, and Translation of Axes or TRANSAX—has become
an integral and routine part of what we do in the Division of Vital Statistics to ensure consistency in the
classification and coding of cause of death among our constituent registration areas. We have accumulated a
great deal of experience working with automated systems for coding cause of death over the past 35 years, and
along the way we have benefited greatly from collaboration with other nations.

The ICE on Automating Mortality Statistics has been a tremendously successful forum for sharing the
knowledge and experience that we have all gained working with automated systems. The previous ICE
meetings in 1996 and 1999 were very productive and helpful for us in the United States, particularly with
regard to reconfiguring our automated systems for the transition to the Tenth Revision of the International
Statistical Classification of Diseases and Related Health Problems or ICD-10, and we are now preparing to
release our 2001 mortality data for the United States. It is our third year of data coding using ICD-10.

As with previous ICE meetings, an important part of the purpose of our meeting over the next few days
is to continue our collaboration with the goal of further improving our automated systems. Another important
purpose of the ICE on Automating Mortality Statistics is to expand the mechanisms for technical support for
those countries that recently implemented or plan to implement automated coding systems, with the ultimate
goal of improving the international comparability of mortality statistics. We in the Division of Vital Statistics
at NCHS are committed to the wide dissemination of the NCHS automated system, and also to providing
training and technical support when and where needed. We are currently teaching annual courses for other
countries in underlying and multiple-cause coding, and in the use and maintenance of the NCHS automated
coding system. We plan to continue this training and support on an ongoing basis.

In closing, I want to wish you all a very successful and profitable conference. It appears to me that the
agenda will provide the foundation for a very stimulating exchange of ideas and knowledge. So thank you
very much and best wishes.



Welcome

Dr. Edward Sondik, National Center for Health Statistics, Centers for Disease Control and Prevention, U.S.
Department of Health and Human Services

I am Ed Sondik, the NCHS director, and I want to welcome you to Washington, to the United States, and
to cherry blossom time. Sam Notzon planned very, very hard for you to be here at the peak of the cherry
blossoms, and it is just about the peak time now.

This is one of our international collaboration efforts, and I see Harry Rosenberg here. I want to
acknowledge Harry as a distinguished alumnus of the National Center for Health Statistics (NCHS) and of this
effort. I am sure it is terrific for you to sit there, Harry, and look at the fruits of your labors.

These international collaborative efforts are now more than 20 years old, and this one began in 1995. In
thinking about, as Jim said, how far back these automation efforts go, it is interesting how much of a part of
the life of NCHS these have become. We actually are in the middle of a spate of efforts that is taking
altogether about 5 years in which we are working at re-engineering essentially every system we have in the
vital statistics system. We are working to make this more computer based than it has been in the past—entirely
computer based, we hope, throughout the entire system both at NCHS and in every State. For all of the NCHS
surveys, we are working on bringing those up to the state of the art in terms of informatics. As I was thinking
about this, I was wondering whether the term ‘‘automation” may not quite be the most appropriate term these
days. It seems like something more like “informatics™ really gets at the sense of where we are. We are
applying the information sciences so that it is not just about not requiring any human intervention; it should
also enhance our ability to work with the information and the data so that it increases and improves the quality
of what we have.

We have a couple of other efforts in the U.S. that relate to all of this. One is called the National Health
Information Infrastructure (NHII). The NHII is a very broad effort to improve the way we handle information
on health in the United States—the way we gather it and the way we disseminate it. Vital statistics is very
much at the core of that. We have also recently produced a document called Health Statistics, a Vision for
Health Statistics for the 21st Century. This effort, which took us several years to put together, gives us a set of
goals and a vision for where health statistics can be in the United States in this new century. Many of us felt
that health statistics was moving forward but that there was no real vision as to how we could organize it and
best use the resources that we have. I think it is very important in any effort that you really have a vision so
that you can see where it is you are going. Again, informatics, vital statistics, and automation play a crucial
role in where this is going.

It is interesting that if we compare our efforts to those of other countries, many of which are represented
here, some are ahead of the U.S. in these efforts. For others, perhaps we are a little bit ahead. What we do
best with all of this in an international environment such as this is that we learn from one another. We in the
NHII and in the vital statistics efforts looked at what was happening in other countries and felt that those
activities were really models for us and influenced our direction to a great degree. What I hope is that we can
expand these ICE efforts so that we can look even more broadly at the efforts in automation of mortality and
in these other countries and compare and contrast among all of us so that we shall be able to track our
progress and learn from one another. This effort, by the way, was widely discussed at a recent meeting of the
Organization for Economic Cooperation and Development (OECD). It is always on the agenda.

As many have pointed out in the past, this is somewhat different from our other international
collaborative efforts in that those tend to be focused on the analysis of data. The mortality ICE, in contrast, is
really aimed at the production of data, how we go from, if you will, the field to actual production of data that
can be used. And in that sense this is really a critical effort.



I, too, want to thank all of those who have been involved in organizing, implementing, and facilitating
this meeting. I want to thank the funding agencies: the Soros Foundation, the U.N. Statistical Division, and the
World Bank. All of them helped to finance the meeting. Also, thanks to the American taxpayer who also
helped. And, to whomever found the Hotel Washington, congratulations. This is a very old hotel, obviously. I
do not know what the rooms look like. I gather they look OK. While this is actually an extremely old hotel
that has gone through many, many upgrades, it is now actually a very important meeting venue, the closest
that one can get to the White House.

I want to thank Sam Notzon and Juan Albertorio of the International Office for their help in putting the
meeting together, Bob Anderson, Ken Kochanek, and Ari Minifio of the Mortality Statistics Branch, and Pat
Drummond, who worked so hard on the logistics. I also want to thank Bill Steiger for his support. Bill, who
heads international programs for the Department of Health and Human Services, is going to be here this
afternoon to give you his welcome. I wish you the best in this very, very interesting and very important area. [
cannot tell you how important I think this area of informatics is to improving what we do, and to enabling us
to actually collaborate more effectively than we have in the past. So welcome.



Logistics and Purpose of the Meeting

Dr. Sam Notzon, National Center for Health Statistics, Centers for Disease Control and Prevention, U.S.
Department of Health and Human Services

Good morning to all of you. It is a pleasure to be here and a pleasure to see all of you. Dr. Sondik
wanted to know who was responsible for finding this hotel; it was our contractor, Courtesy Associates, who
located this place, and we truly thank them. I am really pleased to see how many people are here.

What I want to do before I go any further is to recognize a couple of people. I am going to add to the
comments that Dr. Sondik made about Harry Rosenberg. Harry, who is in the back of the room and whom
most of you know very well, is truly the father of this ICE group. I think it is very safe to say that without
him we would not be here today, certainly not talking about this topic. He devoted countless hours to making
sure that this activity would be a success; he was instrumental in adding new topics and new people to the
group, all of which were very key to keeping the ICE group fresh and moving forward. He devoted countless
hours to working on this activity while at the same time taking care of his major responsibility overseeing the
production, analysis, publication, dissemination of mortality statistics in the United States. So Harry, I do not
know where you found the time, but we thank you very much for your efforts. They are to be appreciated.
And just to show you how dedicated Harry is, he will be coming out of retirement later this week to
participate in one of the panel sessions. So, that is yet another example of his dedication and interest in this
topic.

Now the second person I want to recognize is Nina Schwalbe from the Open Society Institute, or the
Soros Foundation, as we typically refer to it. Nina is the head of the health group within the Open Society
Institute, and we want to thank her, in particular, for financial and other support. I am singling out the Open
Society Institute because their contributions have been long standing; they have supported past meetings of the
ICE and have shown exceptional interest in the application of automation to public health. The Open Society
Institute has provided funds for automation training in the past for Hungary and Russia, and you will be
hearing about some of the results of that effort. At the present time, the Open Society Institute is providing
support to the ICE not only for this meeting but also for training and technical assistance to those countries of
Central and Eastern Europe that have an interest in automated coding. In this activity NCHS and other
members of the ICE will collaborate with the Open Society Institute and with the statistical organization of the
European Union in providing assistance to the central and eastern European regions. So Nina, we deeply
appreciate your interest and support for the ICE and, more generally, for the application of automation to
public health.

Returning to the purpose of the meeting, our goal is to provide information on the use of automation for
mortality statistics to all of the meeting participants and beyond them to the community of interested parties
around the world. Under this general heading there are some specific items that we hope to accomplish: 1) We
want to review the accomplishments of the ICE and its member countries since our last major meeting in
1999; 2) We want to consider other developments that have taken place outside the ICE but that are relevant
to its objectives; and 3) We want to discuss future activities that the ICE should consider.

Now I would like to provide you with some background on the ICE. I think it is important to understand
what this effort is about before we get into the technical sessions. So for those of you who have been to
previous meetings this will be something of a review, while for those folks who are new to the ICE, I think
this will help to put the following presentations into context.

The specific objectives of the ICE on Automating Mortality Statistics are as follows: to share knowledge
and experience in automated systems for coding mortality data, to develop and improve existing automated
systems through collaboration, to examine the transition to ICD-10 for mortality, and to expand mechanisms
for technical support. The overall goal of the ICE is to improve the quality, timeliness, and comparability of
international and national mortality statistics.

When the ICE started in 1995, the initial objectives were to promote information exchange in automation
and to attempt to share the burden of international demands for technical assistance on automated mortality



coding systems—something that seems to be growing by the day. Among other things, the ICE functions as a
users’ group for the countries currently using automated coding systems. Members of the group exchange
information on automation and on its use for mortality data. Working collaboratively or individually, group
members develop new ideas in the area of automation and work through the testing and evaluation of those
ideas.

The first meeting of the ICE was in 1996 in downtown Washington; the second, in 1999, was in
Bethesda, Maryland. At the 1996 meeting the participants produced recommendations on a number of topics
related to the use of automation in mortality statistics. Some of those recommendations were intended for
individual countries to pursue while others addressed issues that the ICE as a whole should take up. The
recommendations were grouped into six broad categories that formed the basis for the activities of the ICE.
Even though some time has passed since that initial meeting, it is amazing to see how relevant most of these
recommendations remain. The recommendations also provided a useful framework for reviewing activities of
the ICE and for previewing the content of the technical sessions that you will occur over the next three and a
half days.

The recommendations from the first ICE on Automation meeting were grouped into six major categories
as follows: nosology and the training of nosologists in an automated environment; decision tables and
mechanisms for updating them; data quality and editing; training and mechanisms for technical support;
language issues; and implementation issues. We can use these topics to focus on the activities of the ICE, in
particular to assess progress since the last meeting. So let us go through these recommendations to see what
has been accomplished. For your convenience, you will find a copy of the original recommendations in your
packet.

The first group of recommendations concerns the changing need for nosologists in an era of automation.
National and statistical offices that have automated their cause-of-death coding are facing the conflict of
needing fewer coders but simultaneously requiring more skilled nosologists to deal with the complex issues
raised by automation. Countries are faced with the dual problems of improving the skills of their nosologists
and raising their status and salaries. NCHS has addressed the skills issue by establishing an intensive
international training program for countries planning to implement automated mortality coding. NCHS has
offered this course three times and will continue to offer it annually to mortality coders worldwide. In fact, we
have at least four graduates of that course here with us today.

Regarding the status of nosologists, this issue was raised with the Heads of the WHO Collaborating
Centers for the Classification of Diseases. In 1999, the Center Heads agreed to the establishment of the
Training and Credentialing Subgroup to take up these issues. Marjorie Greenberg has served as a chair of this
subgroup since its inception. Among its purposes are to develop a training and credentialing program for
mortality and morbidity coders that will be presented to the 2004 meeting of the International Federation of
Health Records Organizations to seek their endorsement. We hope that gaining IFHRO endorsement will be an
important step in raising the stature and salaries of nosologists, which in turn will help attract qualified
personnel and retain the most skilled nosologists. Please note that the ICE conference session on training,
which takes place on Wednesday afternoon, includes a number of presentations on issues related to the training
of nosologists, including a report by Marjorie on the progress of the WHO Training and Credentialing
Subgroup.

The second group of initial ICE recommendations concerns decision tables, their comparability, and
mechanisms for updating them. Regarding the comparability of decision tables, England, France, and Sweden,
all of whom are member countries of the ICE, collaborated with NCHS on developing the ICD-10 Decision
Tables for the U.S. automated mortality coding system. This is a perfect example of international collaboration.
Some discussion of decision tables will take place in the first technical session of the ICE meeting,
immediately following this presentation.

Regarding consistency in the interpretation of coding rules, the ICE proposed the creation of a body to
identify problems of interpretation and inconsistencies in the ICD, and to propose solutions. Such a group was
recommended to the WHO Center Heads, which led WHO to formally endorse the Mortality Reference Group
(MRG) in the late 1990s and to designate its members with Harry Rosenberg as the first chairperson. The



MRG works directly with the WHO Update Reference Committee to make recommendations on needed
updates and corrections in the ICD to the Center Heads and WHO. The MRG has taken on an increasing
number of problems with the ICD, most of which arose from discussions in the online mortality forum
sponsored by the Nordic Center. The MRG reports annually at the WHO Center Heads meeting and actually
met last week, since many of the members of the ICE are also members of the MRG.

This group of recommendations also covers the need for comparability studies to assess changes from
ICD-9 to 10, from manual to automatic coding, and on annual changes to ICD-10. Many countries have
completed their ICD-9 to 10 comparability studies, and some have also looked at the effect of switching from
manual to automated coding. You will hear presentations from several countries about their comparability
studies in the first session on Wednesday morning.

The third area of recommendations concerns data quality and editing. The ICE focused on the need to
educate physicians on their role in completing the medical certification of cause of death, recognized the need
to make training materials broadly available, and emphasized the importance of data edit procedures. Since the
first ICE meeting, the potential of electronic death registration for improving the quality of cause-of-death
information has been recognized and endorsed by the ICE. A number of countries have attempted to improve
physician certification via training, and EuroStat is launching its own effort as well. I might mention that Harry
Rosenberg and Julia Raynor recently led a training course in Hungary, which had this objective among others.
A few countries have begun to develop and test electronic death registration systems, and these experiments
are being followed with great interest. The issues of data quality and editing will be addressed in several
sessions of the meeting, including the electronic death registration session this afternoon, and the data quality
session on Wednesday morning.

The fourth set of recommendations is related to training for automation support and to mechanisms for
technical support. Automated systems will not work, or will not work well, unless coders and managers
receive the training they need. Medical coders will need to learn a new approach to coding, and as a part of
this will have to learn how to work with personal computers. Managers will need training to ensure that the
automated processing proceeds in an orderly fashion, and will need to learn how to deal with system problems.

In addition to national training courses, NCHS has addressed both of these issues with an international
training course mentioned earlier. The international course is designed to train trainers, and will be useful to
any country considering the use of an automated coding system for mortality data. The course, which is
offered at the NCHS coding facility in North Carolina, provides intensive training for nosologists in
multiple-cause coding and underlying-cause coding. The course includes a 3-day, PC managers’ course to
address the managerial issues associated with automated mortality systems.

Many of these issues will be covered during this third meeting of the ICE, particularly in the next session
on automated coding systems, as well as in the training session on Tuesday afternoon. In addition, mechanisms
for technical support will be the focus of the Thursday morning session on knowledge and data dissemination.
Let me call your attention to the online bulletin board established by the Australian Bureau of Statistics to
share information and experiences related to automation and mortality statistics.

The fifth group of recommendations concerns language issues. Some components of automated coding
systems, such as the Decision Tables, are not affected by language because they are based on ICD-10 codes.
This is true with the ACME system developed by the U.S. to select the underlying cause of death from
information on all causes of death reported on death certificates. Many non-English speaking countries have
used the ACME system successfully for many years. However, other components of the U.S. automated
system, such as MICAR and SuperMICAR, are language dependent. These parts of the U.S. system cannot be
used directly in non-English speaking countries and are not easy to convert to other languages.

The ICE recommendations on language focused on the importance of sharing experience and knowledge
and the development of language-dependent front end systems. Since the first ICE meeting, interest in
automated coding systems has spread to many non-English speaking countries, greatly increasing interest in
the development of a language-independent automated system. While automated systems may never be
completely language-independent, the idea is to make as much as possible of the automated system
language-independent in order to simplify the development of automated systems for different countries and



languages. This is a particular concern of the European Union, which would like to see automated coding used
in all its member countries, but is faced with the need to develop systems in 15 different languages. We shall
have extensive discussion of language issues in the first session tomorrow morning, where several countries
will describe their experiences in developing automated systems and where you will learn more about MICAR
and SuperMICAR, the front end systems used in the U.S. Some of these issues may also be discussed in
today’s next session, which provides an overview of automated coding systems in several countries.

The final set of ICE recommendations from the 1996 meeting concerns implementation issues.
Recognition was given to the importance of WHO involvement in automation implementation, and to the
benefits of having Web sites and language-based e-mail groups to expand the availability of information on
automation. A final recommendation urged the ICE to create a formal users group on automated systems.

Many of the recommendations of 1996 have been implemented. The ICE created a users group, which
shortly thereafter led to the establishment of the ““Electronic Tools Committee™ system users’ subgroup by the
WHO Center Heads. The Australian Bureau of Statistics has created an automation bulletin board. France and
Canada have established a French language e-mail group. Several countries that are part of the ICE are
actively involved in providing technical assistance to countries interested in automated coding systems. The
effort to assist countries of Central and Eastern Europe with this technology is occurring under the joint
sponsorship of EuroStat and the ICE. Many of these activities and others will be addressed in several of the
conference sessions presented over the next few days.

Since the first ICE meeting in 1996, the ICE planning group has considered a number of other topics to
pursue in the area of automation. Some of these topics will be addressed in two remaining technical sessions
of this conference. The first is a session on Tuesday morning on electronic tools. The concept of electronic
tools arose at a meeting of the WHO Center Heads but was added to the activities of the ICE because of the
obvious relationship of electronic tools to the concept of automation and its ready application to items of great
importance for automated coding of mortality data. For example, the use of electronic media is ideal in the
dissemination of large documents such as ICD-10, and its national adaptation for morbidity coding, as well as
applications for electronic publishing and others.

Another topic that has always been an important interest of the ICE but was not directly part of the
original recommendations is the issue of multiple cause-of-death data and its analysis. This afternoon we shall
have several presentations on the issue of multiple-cause coding and on the analysis of the resulting data. As
someone who likes to analyze data myself, I have to say that after all the hard work and thought put into
preparing mortality data, it will be nice to see what can be done with the data, particularly with information on
multiple causes of death.

In closing, I would like to go back to the purpose of the meeting. We hope to review recent
accomplishments in the area of automated coding and mortality data, and we want to discuss future activities
that the ICE should consider. I would encourage all of you to review the list of recommendations, to listen
carefully to the presentations over the next three and a half days, and to come back ready to make comments
during the final session on Thursday morning on prospects for the future of the ICE group. Thank you very
much.
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Overview of Automated Coding Systems

Donna E. Glenn (moderator), National Center for Health Statistics, Centers for Disease Control and
Prevention, U.S. Department of Health and Human Services

We are going to provide an overview of existing automated systems, where they stand now and where
they plan to go in the future. We have a total of seven different speakers: Lars Age Johansson, Gerard
Pavillon, Dr. Ruy Laurenti, Dr. Moriyo Kimura, Juan Antonio Ortega Garcia, Sulaiman Bah, and Ed Elliott,
who will, respectively, present information on the systems of Sweden, France, Brazil, Japan, Mexico, South
Africa, and the U.S.
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Use of Automation in Sweden
Lars Age Johansson, Board of Health and Welfare, Sweden

I will give you a short overview of how we implemented automated coding in Sweden. In Sweden, we
have used automated coding since 1987. First we implemented ACME for the selection of the underlying
cause of death. A few years later, we introduced a system for automated coding of multiple causes of death,
which is the input to ACME.

The main reason why we decided to introduce ACME was that we had gross inconsistencies in the
selection of the underlying cause. When we made a review of our statistical trends for the 1970s, we found
that about half of the trends in our statistics were artifacts, and simply due to inconsistent selection of the
underlying cause of death. That, of course, made analyzing Swedish statistics very exciting, but most
epidemiologists working with our data were not quite that enthused. So we introduced ACME. Later we found
that there were some inconsistencies in the multiple-cause coding as well. At first when we introduced ACME,
people had to code the input to ACME manually, and those of you who have tried ACME coding will know
that it is not quite straightforward. There are a quite a few things you need to think about: some codes have to
be modified and related to other conditions on the death certificate just to make it clear to ACME what has
happened. And if you miss any of those modifications, ACME will select the wrong underlying cause.

In the second step we introduced a multiple-cause coding system which we called the MIKADO. The
main reason for doing that was to get rid of some inconsistencies in the multiple-cause coding. Our managers
also had a hope that we would save some money on it. We succeeded very well in achieving more consistent
data, and after a couple of years we achieved a coding error of less than 2.5 percent in the selection of the
underlying cause. When we made our first measurement a few years before we introduced ACME, the error in
the selection of the underlying cause was about 25 percent, so the 2.5 percent meant a great improvement. We
did not save very much money, and the main reason for that, of course, was that data entry became much
more expensive. Before we introduced automated coding, the typists only had to enter the codes, but now they
have to enter complete medical terms, sometimes very long, sometimes quite difficult to understand.

Our system has four main steps. First we have the text entry to get the diagnostic terms from the death
certificates into our system in some way. We then put them into a mortality database, and we then retrieve data
from the mortality database for coding and other processing. In the coding step, we first do the multiple-cause
coding and then input the multiple causes into the ACME system and select an underlying cause.

We first scan the death certificates, and with an optical character recognition software called Eyes and
Hands we try to interpret as much as possible of the text from the death certificates. That works fairly well
with typed death certificates and about 45 percent of our death certificates are typed. It works less well with
hand written certificates, of course. So we have professional typists who review the text after scanning and
correct them. We have about 100,000 deaths a year in Sweden, and we need three or four people to do the
scanning and to edit the text.

We put the text into a database called MILAGO. We have used this database, which was developed in
Paradox for Windows, since 1998. It is basically a data flow manager, which keeps track of what has been
done and what needs to be done for each death certificate in the database. We use it to extract workloads for
the multiple-cause coding or the underlying-cause coding. We also use it for editing, for producing our annual
files, to produce tables, and to retrieve data. To retrieve data we can use either ICD codes or medical terms in
free text.

The next step is to do the multiple-cause coding, for which we use a software developed at Statistics
Sweden in the early 1980s. Called MIKADO and developed in Paradox for DOS, it was first used in 1993.
MIKADO assigns an ICD code to each medical term on a death certificate. When necessary, it will also
modify the code according to the instructions for ACME input coding. We use it to produce the input files for
ACME processing. In some ways, MIKADO differs from the American multiple-cause coding software called
MICAR. The main difference is that we tried to make MIKADO as similar to manual coding as possible. The
software presents the entire death certificate to the coder, and the coder can approach the problems and solve
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them in any order and in any way he or she likes. For example, you do not have to sort out all spelling errors
before you move on to the code modification problems. You can also assign an underlying cause at this stage
if you like.

We have a quite compact dictionary with only about 7,000 terms, which is considerably less than in most
other automated coding systems. But we have spent much time on developing a language standardization
procedure, so even with those 7,000 terms we cover about 90 percent of the entries on the death certificates. I
will get back to how we do the language standardization tomorrow. We do not use the Entity Reference
Numbers (ERNs). I will also discuss tomorrow why we do not, and which problems we encountered when we
tried to introduce the ERNs.

As I said, the MIKADO is a DOS system, and it becomes more and more difficult to run DOS systems
under Windows. Together with France, we are planning to develop a replacement for the MIKADO. I am not
quite sure about the timeframe, but it will take us perhaps another two or three years. For the underlying cause
we use ACME. There is simply no alternative to ACME for selecting the underlying cause.

I would like to finish with a few wishes for the future. I think our main wish is for a fully integrated
system where you use the same system for data entry, multiple-cause coding, and selection of the underlying
cause—in short, one similar to manual mortality coding. As soon as you have entered the multiple causes, the
system would tell you what the underlying cause would be, and you could at once evaluate whether the
underlying cause is reasonable or not.

We would also wish for a system that is somewhat easier to maintain than our present one. As I said, you
have to make some modifications to the input codes in order to make ACME really understand the sequence.
Currently, it is very easy to miss some of those modifications when you try to develop a multiple-cause coding
system of your own. When there are changes to the MICAR system that affect the ACME input, the changes
are well documented by the NCHS. However, in the wealth of information that you get with every new
version of ACME, it is quite easy to miss some things. What we are looking for and hope to develop is some
way to import the code modifications from MICAR into this new software. If we could do that, I think we
will have a mortality coding software that is efficient, easy to use, and maintains international comparability.

Thank you very much.
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Use of Automation in France
Gerard Pavillon, National Institute of Health and Medical Research (INSERM), France

I will make a presentation on the automated coding system used in France for medical causes of death.
This system is called STYX. There were several motivations for implementing this automated coding system.
1) The first one was linked to the implementation of ICD-10. French coders have been working with ICD-9
for 20 years, and ICD-10 totally renews the structure and the codes. ICD-10 rules for the selection and
modification of the underlying cause of death are also much more complex than ICD-9. 2) The second
motivation deals with data quality. There are differences between coders on coding and underlying-cause
selection. These differences would have been increased by implementation of the new revision of the ICD. 3)
The third motivation is the international comparability of mortality data. ICD does not include all the
information needed for coding, and there is place for interpretation. Automated coding systems require the
precise coding of each diagnosis mentioned on the death certificate. All the causal relationships needed to
apply rules for the selection of the underlying cause must also be specified. From this point of view,
automated coding systems can be more easily standardized. 4) Another motivation is paper document
management. We have about half a million death certificates a year; it is a large amount of paper to manage.
Technology now makes it possible to digitize documents and to have them available online for consultation.

On the basis of these motivations, we determined the specifications of our system. First, as we wanted to
include this system in the general electronic document management system, we have designed specific
software. We tried to conceive a highly interactive and friendly system. We also wanted a transparent system
that is able to explain what it is doing. In order to achieve the international comparability goal, we include
ACME Decision Tables in STYX. This means that ICD-10 rules are applied on the same knowledge basis as
in ACME.

The following schema shows the principle of the whole French system. We first get a database of the
picture of the death certificates. Then, using optical character recognition, we get a database of individual data.
The problem then is to key in medical diagnoses. Medical causes of death are written in such a way that it is
impossible to use optical character recognition systems. We have implemented vocal capture and find that it
works very well; it is quicker than key entry, and it avoids spelling mistakes. At the end of this process, we
get the medical-cause text, the medical-cause codes, and the underlying cause-of-death codes.

This slide shows the interface of STYX. On the bottom is the picture of the death certificate. On the top
is the individual identifying information and demographic data, and below this (in the middle panel) is the
medical part of the death certificate. To the left of the middle panel is the text for causes of death and on the
right of that are the corresponding ICD-10 codes.
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STYX manages the capture of diagnoses text, ICD-10 coding, and the selection and modification of the
underlying cause of death. STYX is able, on request, to explain the ICD-10 rule sequence applied to get the
underlying cause. For different reasons, STYX can reject a death certificate, which is denoted when a death
certificate is flagged as problematic. This means that it must be reviewed by a senior coder. Certificates can be
rejected for a number of reasons. One reason is that the ICD code is unknown, which occurs when the
diagnoses text is not included in the dictionary. Other death certificates are rejected because they are not
properly completed; for instance, when we have no information about the external cause (suicide, homicide, or
accident) in case of violent death. We also reject for manual check all the newborn deaths.

When we started to implement STYX, coders had many problems to get accustomed to this totally new
way of coding. I think that STYX is now better accepted mainly because coders see that there are always
difficult cases that must be checked and even manually coded.

Thank you.

15



Brazilian Diagnosis Coding System

Dr. Ruy Laurenti, WHO Collaborating Center, University of Sdo Paulo, Brazil

Introduction

Brazil has a long tradition in the production of mortality statistics. It is possible to recover mortality data
from the last decades of the nineteenth century for several state capitals, especially in the South and Southeast
regions. Currently, about 80 percent of the Brazilian population lives in urban areas, and the number of deaths
registered is around 950,000 per year, representing 85 to 90 percent of the total. In the South and Southeast
regions, the coverage is almost 100 percent. However, in the Northeast, these figures are around 60 to
70 percent and in the North—the Amazon Region—registration completeness is around 50 percent. The
difference in coverage of death registration reflects the sociodemographic differences among these regions.
Brazil, as a continental country, is geographically heterogeneous in socioeconomic and demographic aspects, as
well as in the availability of services including health. While the South, Southeast and part of the Middle-West
regions have many resources, the North region (the Amazon region) lacks resources. It represents 60 percent of
the national territory, but only 10 percent of the population. This huge area, with extremely low demographic
density, faces difficulties in communication, transportation and service organization, which strongly impacts the
production of statistics not to mention the availability of both quantitative and qualitative human resources.

ICD use and cause-of-death coding

By the end of the nineteenth century until the first years of the last decade of the twentieth century, the
state capitals produced mortality statistics. At the time, health services were decentralized, and each
municipality generated its own statistics, requiring a great number of coders of causes of death. Since the
nineteenth century, the ICD and all its revisions have been used to present statistics on the cause of death.
Although ICD has always been used, no attention was paid to the certificate, to coding rules, nor to data
quality. Almost nothing was invested in training medical coders. In 1950, the ICD-6 was adopted in Brazil,
together with the International Form of Medical Certificate of Cause of Death. From then on, the
underlying-cause-of-death coding followed the ICD-6 standards and rules.

In 1964, the School of Public Health of the University of Sdo Paulo started to train coders for all
Brazilian states. In 1975, the Mortality Information System (Sistema de Informaco em Mortalidade-SIM) was
created at the national level whereby the states send their spreadsheets with mortality data to the Ministry of
Health that periodically publishes them. There is a 2-year gap due to the evaluation phase for data consistency.
Data forwarding to the Ministry of Health is done partly via Internet and partly via floppy disk. In 1976, the
WHO Collaborating Center for Classification of Diseases in Portuguese, known as the Brazilian Center, was
created.

A team of experts in health statistics, coordinated by the Brazilian Center and the Ministry of Health,
began to work hard to strengthen the Mortality Information System (SIM) and train human resources. We were
able to achieve a higher quality in coding the cause of death, although some difficulties remained in the North
and Northeast regions. In addition to training mortality coders, the Brazilian Center inspects the coding service
and, most importantly, evaluates the coders. It also prepares manuals to guide coders, as well as training
materials on proper completion of death certificates for physicians and medical students.

Coding cause of death electronically

In 1978, the Brazilian Center showed interest in implementing the ACME system. With the support of the
National Center for Health Statistics from the United States, it started to foster the use of ACME in the state
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of Sdo Paulo, which happened in 1983. The result of using the ACME system in the state of Sdo Paulo was so
good that the Ministry of Health tried to implement it in all Brazilian states. However, due to several reasons,
it was not possible. To implement ACME, the Brazilian Center made some adjustments to the Decision Tables
to meet the Brazilian reality, such as to accept some sequence and to transform a ““‘poor defined” diagnosis
into well-defined according to what was known by the physicians from the Brazilian reality in the statement of
cause of death. ACME was only used in the state of Sdo Paulo since it would be easier for the Brazilian
Center to supervise it. In 1993, the Brazilian Center, together with professionals from the Ministry of Health,
established the basis for developing a computerized program similar to ACME. This was necessary because the
death-certificate coding that used to be performed only in the state capitals would now be done at the
municipal level. With more than 5,000 municipalities, there was the need to train coders and ensure the quality
of these data. Then came the idea of developing software to electronically select the cause of death. The
software that was developed is known as SCB.

The ACME (modified) Decision Tables were used in SCB for deaths between 1994 and 1995, but related
to ICD-9. In 1996, after a change in the program, the SCB selected the cause according to ICD-9 and
translated the code into ICD-10. This brought some problems, especially in the number of mistakes in the
underlying cause that were corrected as identified.

In 2001, the Brazilian Center concluded that it was important to develop a new program since the
programming language used (PROLOG) was considered obsolete. With the decentralization of SIM and the
addition of SCB in the official software for entering data in the mortality system, it was decided to use a faster
program. This change would allow the use of decision tables and underlying cause according to ICD-10,
leaving aside the ICD-9/ICD-10 transition phase. The development process for this new version was based on
the NCHS Instruction Manual (Volume 2, ICD-10) and on the ICD-10 Decision Tables provided by NCHS.
The resulting program is the SCB WIN (Windows version) using Delphi language; it meets all rules, standards,
and guidelines in Volume 2 of ICD-10 and the ICD-10 Decision Tables. In order to make the system dynamic,
we developed the SCB GERENCIAL that allows for maintenance and adequacy of databases used by SCB
WIN.

After SCB WIN and SCB GERENCIAL were approved, we developed the SCB WEB (Web version) that
provides online processing via Internet, integrated with SIM WEB. It can also be used locally, integrated with
the SIM WEB via electronic media (diskette). This process was completed in 2002 and is currently in its
testing phase. We expect to have it up and running in the second half of 2003. Although the SCB is being
used all over the country, we still face operational difficulties in some regions, particularly in the Amazon.
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Automated Coding of Diagnostic Expressions and Selection
of Underlying Cause of Death (ACSEL) System in Japan

Moriyo Kimura (presenter), M.D., M.P.H., Ministry of Health, Labor and Welfare, Japan; Kazuko Takemura;
Hibiki Ueda, B.A.; Hiromi Takeuchi, M.D., Ph.D.; Ryuji Agematsu, M.D.; and Tetsuya Tamura, Ph.D.

Background

Japan has a centralized vital statistics system in which every death record function is carried out under
the Ministry of Health, Labour, and Welfare. The development of the automated coding system took place in
1989. The new system, ACSEL (an acronym for “Automated Coding of Diagnostic Expressions and Selection
of Underlying Cause of Death’’), was implemented in 1995 without delay in ICD-10 adoption and has been
used up to now.

This new system was needed mainly because of different circumstances between ICD-9 and ICD-10: (1)
the number of diagnostic terms doubled from 7,000 to 14,000 and the expected combination of coding patterns
drastically increased, (2) new concepts were introduced, for example, Rule 3 interpretation, malignant
neoplasm of independent multiple sites, etc. The ACSEL system was designed with two goals: (1) to use a
computerized system that gives appropriate ICD-10 codes and selects the underlying cause of death (UCD)
embodying the selection rules with satisfactory matching level of manual coding, and (2) to simplify data entry
and reduce the burden on medical coders. The second goal was practically important because our
governmental officers stay in one position for a short period, usually three to four years, and human resource
skimming is a nationwide problem. Thus, an effective system that would not need specially-skilled personnel
was necessary. Under the old automation coding system in ICD-9, around 30 percent of events were not
automatically assigned, and manual coding was needed for those cases.

ACSEL system

The concept of this new system was based on the U.S. automation coding system (MICAR, ACME,
TRANSAX) but the structure was unique in order to be suitable to our vital statistics system.

Data entry

For the data entry system, we use Optical Character Reader (OCR). Local municipalities fill out the death
statistics forms using death data from death certificates and send the forms to each prefecture for the second
verification. Finally, all forms are gathered in the Ministry of Health, Labour, and Welfare and are scanned by
OCR. Because of the variety and difficulty of reporting, external causes and clinical procedures are handled
manually.

Data editing

The actual ACSEL system starts from this stage when causes of death (COD’s) are entered in Japanese. It
is usually necessary to make corrections, e.g., correcting misspellings and modifying characters. Since we use
four different types of characters (Chinese, Hiragana, Katakana, Alphabet), the ACSEL system performs
various types of character conversion.

Phase 1

As MICAR generates the multiple-cause ICD codes, Phase I is for applying an ICD-10 code to every
reported cause. ACSEL separates causes into elements. An element is a 6-digit number, which is similar to an
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entity reference number (ERN). However, this is not equivalent to ERN but the word that can best signify a
certain condition independently in ICD-10. The broken-up elements are combined together to indicate a cause.
We call it an “‘element code.”

Example:

Right acute pneumonia

Elements Y00004 D00297 A00493
Element Code YO00004 + DO00297 + A00493

The repeated-elements matching is done until appropriate ICD—10 codes are assigned in the dictionary.
Phase 11

ACSEL then applies the WHO rules for selection of the underlying cause of death (UCD) in ICD-10 as
ACME does. The first step is to determine a “‘tentative” underlying cause (TUC). Once TUC is decided,
modification rules are applied to determine an UCD. Since we have substantial reporting of ‘“‘heart failure,”
our rules take this into account. We also carry out neoplasm coding during this phase.

Data correction

ACSEL has two types of error messages: “warning’” and ‘“‘rejection.” Two re-entry procedures are
possible if these error messages appear: (1) re-entry to Phase I using corrected cause-referring death
registration forms, and (2) direct ICD-10 correction in Phase II. This stage is very unique and useful because
even unskilled coders can observe the erroneous results easily.

Accuracy

With ACSEL, 98.8 percent of death records are automatically processed. According to the data of
November 2002, the underlying-cause assignment was applied with the match rate of 92 percent when
compared with manual coding. The match rate was much better if trivial errors such as misspellings are
corrected prior to matching.

Quality control and quality assurance

We have roughly 970,000 deaths annually. One hundred percent of automated coding assignment is
reviewed and double-coded by medical coders.

Maintenance
Error checking and updating the dictionary are done on monthly basis.
Issues

With ACSEL, 98 to 99 percent were automatically coded in ICD-10 as of 2002. Our comparability study
in 1995 showed that overall agreements between automated coding assignment and manual coding in the
ICD-9 system and ACSEL (ICD-10) were 71.4 and 95.4 percent, respectively. Even with the drastic
improvement in agreement from the previous automation system, there is still room for improvement.

Another issue is external cause of death and clinical procedures, for which programming has not yet been
completed. New programs with equal throughput and a match rate comparable to the current system need to be
developed.
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Automation of Cause-of-Death Coding in Mexico

Juan Antonio Ortega Garcia, Demographic and Social Statistics Office, National Institute of Statistics,
Geography, and Informatics (INEGI), Mexico

Objective

The purpose of this paper is to present the main advances of the project for Automation of the
Cause-of-Death Coding in Mexico through the adaptation of the Automated Coding Systems of the United
States’ National Center for Health Statistics (NCHS). We will also show results of the Preliminary Consistence
Study between the Automated Cause-of-Death Coding using the Mortality Medical Data System (MMDS) and
the traditional manual coding procedures still in operation in Mexico.

Background

Among other things, the Demographic and Social Statistics Office of the National Institute of Statistics,
Geography, and Informatics (INEGI) of Mexico generates information about registered deaths in the Nation.
Involved in this is the important process of coding causes of death, which up to now has been done manually.
This takes a lot of time, is expensive, and is exposed to the risk of systematic errors. Besides, manual
cause-of-death coding is one of the most difficult tasks with which every national office of vital statistics
worldwide deals. In mortality statistics, specifically coding cause of death, it is very important to implement
automated systems because of the complexity in the rules and structure of the International Classification of
Diseases (ICD), which is the statistical classification system promulgated by the World Health Organization
(WHO) for coding mortality, morbidity, and problems related to health. Automation of coding causes of death
in Mexico has the objective of homogenizing criteria, improving the quality of statistical information, and
making available data for multiple-cause-of-death studies. Automation also permits us to take better advantage
of the underlying-cause-of-death coders’ experience by setting the rarest and the most difficult cases under
these coders’ responsibility, thus allowing them to dedicate more time to design strategies for improving
coding and for reviewing the ICD coding criteria.

Procedure

To adapt the SuperMICAR input data module of the MMDS, it was necessary to gather the more
common textual descriptions of the causes of death in Mexico, thereby identifying patterns of describing
pathologies reported on the death certificates. A random single sample was taken of 39,881 certificates from
the registered deaths in January 2000. This represented 8 percent of the total deaths in Mexico during 2000.
Textual descriptions of the registered pathologies in Part I and Part II of the death certificate were captured, as
well as the ICD-10 codes assigned manually to every morbid entity. This information was the basis for the
Spanish terms added into the SuperMICAR Dictionaries to produce inputs for the MICAR200 and ACME
modules that would be used for the automated coding and selection of the underlying cause of death.

Results

We added a total of 4,094 categorized words to the system tables, words that conformed with 19,649
descriptions of several pathologies from the sample. The sample’s certificates show an average of three causes
of death, in contrast with the single underlying cause of death that INEGI produces for each death under the
manual system. As part of the system tests, data from each certificate were introduced to the MMDS
SuperMICAR input module; the variables included were sex, date of death, age, cause of death (Parts Ia, Ib,
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Ic, 1d, and II), and duration of pathology. From 39,881 certificates, which contained a total of 112,222
descriptions of causes of death, the SuperMICAR module accepted 31,954 (80 percent of total certificates)
with a total of 102,989 pathologies (92 percent of the total pathologic terms). Rejected certificates contained
some kind of term or word that was not added into the database or not referenced to a corresponding term in
English. On the other hand, the MICAR200 module rejected almost 340 certificates due to insufficiently
specified descriptions of external causes. Thus, the ACME module processed 31,215 and rejected 1,750
certificates due to several processing errors, finally achieving 29,477 processed records that were free of errors
and whose underlying cause of death was automatically selected by the system. The following are results for
the sample of 39,881 certificates of death.

1) 73.91 percent of the certificates (29,477) were successfully processed to produce the codes for the
underlying cause of death; these codes were assigned automatically by the system.

2) For 26.08 percent of the certificates (10,404), it was not possible to assign a code for the underlying
cause of death. This was basically due to the certificate having a pathologic term that the MMDS could
not process because of some unknown word or some other kind of error. As a result, the whole certificate
was rejected.

One way of evaluating the effectiveness of cause-of-death coding and underlying-cause selection by the
MMDS is to make a comparative study between both procedures by measuring consistency levels in the
coding methods. The following consistency scheme was used, similar to that used in other international
studies.

a) “Accurate concordance at four digits” or perfect concordance of assigned codes by both coding
systems at the four-digit level.

b) ”Accurate concordance at three digits*‘ or a perfect match of codes assigned by the two coding
systems at three digits of coding (that is, at the category level).

¢) ”Concordance at group‘‘: where two coding methods match at least at the group level of causes.

d) ”Discordance‘*: when both coding methods, manual and automated, do not coincide either at the group
or category level.

The main results are presented as follows:

1) 57.2 percent of the certificates coded by the MMDS have a code for the underlying cause that matches
exactly with the code manually assigned by the coders of the Institute.

2) 67.68 percent of certificates coded by the MMDS have codes that coincide at the first three digits with
the manually assigned code.

3) For 77 percent of certificates coded by the automated system, there was a match for the two first digits
of the code.

4) Discordance in the codes for underlying cause between manual and automated coding represents

18.03 percent of certificates coded by the system. The level of discordance does not necessarily mean that
the automated system is wrong in selecting the underlying cause for these cases; it could mean that the
relation of Spanish terms with English terms is not yet suitable or that the manual assignment of the
underlying cause may not adhere to the international criteria programmed into the MMDS. It is necessary
to analyze the discordant set of certificates and determine whether the system failed or the manual code
assignments were incorrect.

5) For those certificates whose underlying cause did not coincide with those of either coding procedure, a
total of 5,317, we found that some of the pathologies reported in the certificate matched with the manual
coding. Thus, for 26.37 percent of these 5,317 certificates, five of the causes reported on the certificate
were correctly coded; for 28.39 percent, at least four causes had ICD-10 codes that coincided between
both coding procedures. For almost 60 percent of the certificates, at least one of the causes of death
coincided with the manual coding. In the case of those certificates for which four or five causes of death
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are well coded, that is, the codes of both the manual and automated procedures matched, it is probable
that only the underlying cause selection was different because the manual coding did not adhere to the
international rules.

A revision was made of the pathological terms and codes of those certificates that particularly presented
differences in the underlying cause of death coding between both coding procedures. Nevertheless, it was not
possible to review the selection of the underlying cause by the time this document was prepared. One thousand
four hundred thirty two pathological terms were analyzed, obtaining the following results:

1) For 101 terms (7.05 percent) a greater analysis is required since they are insufficiently specified

causes, and it was not possible to determine which coding method was successful.

2) For 303 of the pathological terms (21.15 percent), manual coding was the right method, while the

automated system assigned an incorrect code.

3) For 1,028 pathological terms (71.78 percent of the 1,432), the MMDS system accurately assigned the

ICD-10 code, while the coders assigned a wrong code by manual techniques.

Conclusions

73.91 percent of the certificates have an underlying cause of death assigned by automated media. The
coding and selection of the underlying cause of death matched on 3 and 4 digits (as measured in other similar
international studies) in 67.68 percent of all introduced certificates. The causes in chapters V, IX, X, XIV, XVI
and VXIII—medical entities such as mental and behavioral disorders; diseases of the circulatory, respiratory,
and genitourinary systems; certain conditions originating in the perinatal period; and symptoms, signs, and
abnormal clinical and laboratory findings not elsewhere classified—have the best matches. Automated coding
and the selection of the cause of death associated with these pathologies was completed successfully for
around 95 percent of the records, because for these groups of causes the current coding ratio is larger than
0.95. There were lower coding ratios for violent and accidental deaths, since descriptions for these causes
could be diverse and may require greater specification and precision in the descriptive text for a suitable
processing.
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Maximizing the Use of South African Administrative Information Systems in
Undertaking Limited Automatic Coding of Causes of Death

Sulaiman Bah, Statistics South Africa (StatSA) and Theo Ireton, Private IT consultant, South Africa

Introduction

Statistics South Africa’s (Stat SA) first exposure to the whole idea of automatic coding of causes of death
came about, indirectly, through the proceedings of the first ICE meeting in 1996 and, directly, through
participation at the second ICE meetings in 1999. It was clear in both instances that the US automatic coding
system almost served as the gold standard for automatic coding of causes of death. Stats SA’s initial idea was
naturally to make use of the US coding system. It was soon realized that this was not going to be an easy task.

One reason for this is the bilinguality of medical certification of deaths in South Africa. Physicians use
either English or Afrikaans in completing death notification forms. The issue of language conversion poses a
challenge in the use of the U.S. coding system. In the 1996 ICE meeting, Jim Hart, who was then the lead
programmer for SuperMICAR, gave a detailed presentation on the technical aspects of language conversion. In
the presentation, he showed how SuperMICAR could be converted to handle non-American English spellings
such as British English. He argued that the solution (via changing the word dictionary and adding words to the
lexicon) would work for most Germanic languages of Europe and perhaps even the Romance ones. Jim Hart
warned that if direct translation (as in French/English medical terms) was not possible, then there was little
possibility that SuperMICAR could be translated to that language at all. The reason he gave was that complete
translation would require the following:

Conversion of the MICAR dictionary

Conversion of the Words dictionary

Conversion of the Lexicon

Conversion of the Drop Words, Synonyms, and other associated tables
Translation of the External Cause Prompt coder

Translation of over 600 word-specific exceptions

Complete translation of the code

This is a mammoth undertaking as it basically means starting from the beginning as the U.S.
programmers did. For many countries, this option of rewriting the whole system is not practically viable. In
the case of South Africa, as Afrikaans has got a Dutch origin, the direct translation approach could work. For
example, the Afrikaans expression for advanced liver cancer is gevorderde lewer kanker. Each of the words in
the expression can be linked to its English equivalent. This was going to be the logical route to follow, if the
data for the full causes of death was being sent to the national statistical office in electronic form. As this is
not the case, another option for handling the language issue was considered.

The other reason for the perceived difficulty is the institutional IT restriction. Stats SA had standardized
on Visual Basic (VB) as its data capturing program, and programmers were urged to use it in developing
computer systems. Based on these constraints, Stats SA developed a vision for implementing automatic coding
of causes of death (old vision). As the vision was slowly being pursued, Stats SA was urgently commissioned,
in 2002, to produce statistics on causes of death for 5 years, 1997-2001, based on a sample of registered
deaths. This project (the Causes-of-Death Data Capture Project) was started and completed during 2002.
Whilst the project informed policy makers on the trends in the leading causes of death, it proved very
beneficial in uncovering the importance of other administrative data sources, primarily, the South African
Population Register (SAPR). The SAPR captures demographic and other details of South African citizens and
residents who had applied for, and obtained, identity documents. For deaths, the date of death, place of death,
and the immediate cause of death (the first listed cause) are added to the details already on the population
register. In the past, exploitation of the cause-of-death data from the population register was dismissed on the
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grounds that they could not yield underlying-cause-of-death statistics. However, as a result of this project,
insights were gained on the relationship between the immediate and the underlying cause of death and about
the number of multiple causes of death filled in on death notification forms in general. These insights led to
another vision for the automatic coding of causes of death (new vision) that is based on exploiting the
population register and other related administrative information systems. In the sections following, the old and
new visions are outlined as well as the insights gained from the Causes-of-Death Capture Project. The
preliminary findings are discussed and the way forward is outlined.

The old vision

Recall that in the full U.S. coding system, the literal text of multiple causes of death serve as input into
SuperMICAR. This produces “‘sanitized” text descriptions of the causes of death, and this serves as an input
into MICAR. The output from MICAR serves as an input into both ACME (to produce underlying-causes-of-
death statistics) and TRANSAX (for producing multiple-causes-of-death statistics). Since Stats SA was going
to retain its data capturing program in VB, the old vision was that the basic capturing was to be done using
VB; thereafter, the data required for input into the U.S. coding system were to be extracted from the database
and fed into the U.S. coding system. The output from the system, in terms of multiple causes of death and
underlying cause of death, are merged with the remaining dataset (containing socioeconomic variables) to
produce the full deaths database. Under this system, the non-cause-of-death section of the VB program will
include look-up tables for place names, occupation and industry, thereby reducing errors and time in capturing
these variables. This plan is schematically shown in Figure 1. On the language issue, considering that the
cause-of-death capturing was to be done at the national statistical office, one option that was considered was to
build a new dictionary (of causes of death) relating causes of death in Afrikaans to English. In that way, the
data capturer can enter the cause of death in Afrikaans, as stated, and it will programmatically be changed to
the English equivalent before being fed into the U.S. coding system. The alternative to this is to convert the
MICAR dictionary into Afrikaans and process Afrikaans forms separately. In a dual-language environment, this
would not be too practical. As such, the afore-mentioned option of building an Afrikaans-English dictionary
was settled upon. This dictionary was slowly being built by the programmer, as time allowed, until early 2002,
when all work had to be interrupted to attend to the commissioned project on causes of death.

24



Figure 1. Stats SA’s Envisaged Strategy for Implementing Automatic Coding of Causes of Death
(Old Vision)
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The 2002 Causes-of-Death Project and insights gained

As South Africa’s HIV/AIDS problem was growing, there was pressing demand for timely statistics on
causes of death to help understand the magnitude of the problem. By 2002, Stats SA was still on manual
coding of causes of death (with look-up tables in its data capturing program) and its latest report was for 1996.
The request was then put forward that Stats SA should process all the outstanding causes of death statistics
from 1997 to 2001 to help show trends in leading causes of death. The strategy decided upon was to draw a
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15 percent sample of all registered deaths between 1997 and 2001 and process them fully. As the manual
coding of all the death notification forms was going to very challenging, it was decided to revisit the idea of
automatic coding of causes of death as outlined in the old vision. The status of progress made on the plan to
implement automatic coding was then assessed. The findings were that unnatural deaths that cannot be coded
by the automatic coding system accounted for about 20 percent of deaths (at about 1997 but reduced markedly
afterwards) and would need manual coding. Also, about 50 percent of certificates were completed in Afrikaans,
which was significant and made the Afrikaans-English dictionary an important component of the automation
project. However, because of the shortage of staff and the pressure of work, not much progress had been made
on the Afrikaans-English dictionary. Lastly, the data capturers typing in the causes of death from the death
notification forms needed to be trained in medical terms. For all these reasons, it was decided against using the
old vision for processing the causes of death data for the project. At the end, manual coding of multiple causes
of death was done together with manual selection of underlying causes of death.

The study of multiple causes of death carried out during the Causes-of-Death Project helped shed light on
three important areas: a) the average number of causes listed on the death notification forms; b) the number of
causes of death forming the basis for the selection of the underlying cause of death; and c) the relationship
between the first listed cause of death (the immediate cause) and the underlying cause of death. Firstly, the
data showed that for each year, the ratio of the number of multiple causes to that of the underlying cause is
higher for females than males. The average ratio for males is 1.58 and that for females is 1.66. Secondly, the
data showed that, on the average, in 72.2 percent of the male deaths, the first listed cause of death (the
immediate cause) is the same as the underlying cause of death. For females, the corresponding average figure
is 68.8 percent. For males, with the exception of 1997, this percentage has remained fairly stable, ranging
between 70.0 percent and 73.0 percent over the remaining years of the study period. For females, with the
exception of 1999, this percentage has remained fairly stable, ranging between 68.0 percent and 71.0 percent
over the remaining years of the study period. Lastly, the data showed that on average, for males, 59.9 percent
of the underlying causes of death were chosen based on only one listed cause of death (which could be
anywhere on the certificate), 26.3 percent were chosen based on two causes of death, and 10.3 percent were
chosen based on three causes of death. Over the years, the percentages underlying causes of death based on
one, two, or three causes of death do not differ much from the average. For females, 53.9 percent of the
underlying causes of death were chosen based on only one listed cause of death, 30.2 percent were chosen
based on two causes of death, and 11.8 percent were chosen based on three causes of death. Over the years,
the percentages underlying causes of death based on one cause of death do not differ much from the average
(with the exception of 2001), and the percentages of underlying causes of death based on two or three causes
of death do not differ much from the average over the study period. These findings mean the following:

® Multiple cause-of-death reporting is fairly low in South Africa as physicians only report less than two
causes of death, on the average.

® Partly as a result of the low reporting of multiple causes of death, the immediate cause of death often times
corresponds to the underlying cause of death.

This means that the population register data can be used for automatic coding of causes of death and would
yield underlying causes of death data provided it can be verified that the death notification form indeed had
only one cause of death stated. For this verification to take place, other administrative information systems
have to be made use of.

The archiving of death notification forms and related information systems

As in other developed countries, death notification forms go through the two stages of registration and
archiving. The registration of deaths (for South African citizens and residents) essentially means entering the
limited details of the deceased onto the population register. Thereafter, the death notification forms are sent for
archiving. At this stage, a bar code sticker is affixed on the death notification form and then put on microfilm.
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Once this has been successfully done, an indexing system is used to capture the ID number of the deceased,
the microfilm roll number and its position on the microfilm (frame number). A service provider (Zytek)
maintains this indexing system on behalf of the Department of Home Affairs. The death notification forms
cannot be released to Stats SA until they have been verified against their images. This was what led to the
huge bottleneck and caused a slowdown in processing cause- of-death statistics from the hard copies. The
good part is that the rolls of microfilm can be released for copying, if required. So, during the course of the
2002 Causes-of-Death Project, Stats SA contracted a service provider to collect all the rolls of microfilm for
registered deaths between 1997 and 2001, scan the images of the death notification forms, and subsequently
print out their images. In this circumventing manner, the project conveniently worked off printed images,
rather than the hard-to-get original forms. As a useful by-product, Stats SA acquired the CD equivalent of all
the microfilm rolls and paid Zytek for a copy of the indexing database. Since the Zytek index database has the
microfilm roll number as one of its parameters while the CDs had numbers, a simple file was developed to
link microfilm roll number to CD number. In essence, what can be achieved from these three systems is as
follows: an ID number (from the population register) can be entered into the Zytek index database (either
interactively or in batch mode) and it can show the microfilm roll number that contains the image of the death
notification form and its position on the film. From the microfilm roll number and the position, the CD
number can be extracted and the image can be located.

Under these circumstances, the limited automatic coding would have to involve two important stages. The
first is to code immediate cause of death written on the population register (for both Afrikaans and English
terms) and the second is to use the ID number to locate the image of the form and verify that the form had
only one cause of death. If indeed the form had only one cause of death, then the coded cause is the
underlying cause and that record is transferred to the full database as having been successfully coded. If the
form had more than one cause of death, it is located and the other causes are manually coded. In the sections
below, these two stages are clarified in more detail.

The automatic coding of causes of death from the population register

The automatic coding is done using the thesaurus principle, and the program for doing that was written in
VB and called the THES Coder. The thesaurus used by the THES Coder was made up of all the frequently
mentioned causes of death, plus the different variants in their spellings in both English and Afrikaans.
Commonly used abbreviations of causes of death were also included in the thesaurus. The THES Coder was
tested and refinements were made based on the results. The algorithm used by the THES Coder is as follows:

® A string consisting of the cause-of-death text (COD), age and sex (from the population register) is passed
to the THES Coder System.

e THES Coder searches for an exact match based on all defined variables.

® [f a match is found, THES Coder returns the ICD-10 code and exits.

e [f a match is not found based on the symbol variables, THES Coder tries to get a code by checking if the
passed variable exists within a general symbol. For example, if the passed variable for sex is “Female”
and THES Coder cannot find “Female” within a symbol field (a direct match), THES Coder will check if
the word “Female” exists within the general sex symbol “Male/Female” and if so, will try to code the text
COD based on the general sex symbol and not the passed sex symbol.

® If a match is found, THES Coder returns the ICD-10 code and exits.

e [f a match is still not found, THES Coder will try to split up the text COD into several causes. All data
that is left over in the text COD that cannot be coded are checked against a standard list of splitter text
(i.e., text or symbols which split a sentence, e.g., with, or, *“;”, etc.).

e [f all the splitter text is taken out, THES Coder will code the separated causes found within the text COD
and then try to code them into a single underlying cause by using the ICD-10 Ruleset file which
accompanies the ICD-10 Thesaurus file.
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e [f the splitter text still remains (even after text parsing/checking), THES Coder will exit with an error
message describing the error and including all the variables passed to it.
® If a match is found, THES Coder returns the ICD-10 code and exits.

The verification stage and the linkage between the THES Coder and the other systems

Since THES Coder uses only one line input of causes of death from the population register, there can be
more than one completed line (up to five and sometimes even more). A basic requirement for THES Coder to
work would be a verification system in which it would be confirmed that a particular certificate indeed has
only one line (in which case no further coding is required) or more than one line (in which case, manual
coding would be required). Figure 2 shows a flow chart of the essential steps involved. There are two options
for this verification process: preverification (prior to getting the output of the THES Coder) and post
verification (after running THES Coder). Both have their advantages and disadvantages. For the manual coding
to be done, physical extraction of the form is needed, but for the verification, an electronic search can suffice.
For the physical extraction to be done, there is need for a simple tracking system that links ID numbers,
microfilm number and the physical location on the shelves in the storeroom. This tracking system is actually
used primarily as a cataloguing system to enable forms to be easily taken out, coded and returned to the
shelves. The tracking system helps to locate the physical position of a death certificate on a shelf. For a
certificate with ID number, it uses the microfilm number and the year of death as the indexing numbers,
together with the position number on the shelf. For certificates without ID numbers, it uses a combination of
identifying characteristics (serial number, date of birth and death of death) to yield a kind of unique identifier
for the certificate.

The linkage between all these systems is shown in Figure 3. The file used for the tracking system is
called the locator file. Both this file and the extracted data from the population register serve as inputs into the
THES Coder system. For successful matches, the first output from the system reflects the inputs
(cause-of-death text, age, and sex), the ICD-10 code, the locator details (roll number, frame number, CD
number and position on the shelf), and a “Yes/No” field for post-verification.

Preliminary findings

The preliminary findings have been promising. The THES Coder successfully produced an output with all
the necessary locator details. These details were used to do postverification (that there was indeed only one
cause of death stated). Unfortunately the project had to be interrupted. The reasons are many, partly dealing
with lack of sufficient buy-in by some staff members, staff turnover, financial constraints and some kind of
breakdown in authority.
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Figure 2. Flowchart of the Essential Steps Involved in Undertaking Limited Automatic Coding of
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Figure 3. Linkages between the THES coder and other systems
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Way forward and conclusion

One crucial factor in the use of full automatic coding software is the basic availability of information on
multiple causes of death. Where medical certification of deaths is relatively poor and the number of causes of
death listed on the death notification forms are, on the average, less than two, a simplified form of automation
could be considered. The simplified system described here has two basic uses. In the first case, it could be
used to code the immediate cause of death from the population register and that can be used to produce an
“Advance Release of Recorded Causes of Death.” This will be a very timely report and can help give quick
statistics on the trends in the leading cause of death. In the report, it can then be explained that in the South
African context, the immediate cause of death was the same as the underlying cause of death in x percent of
the cases. In this case, all the verification process and the locator details would not be necessary. In the second
case, it could be used to speed the coding of causes of death in full death notification forms. In this second
use, all the forms that indeed have one cause of death would be coded automatically and transferred into the
database. Only those with multiple causes of death will be manually coded. But in the South African context,
these are not many at present.

For the near future, the full automatic coding of causes of death should be considered, paying very close
attention to the interface with the system used by the Department of Home Affairs. Currently (as at 2003), the
Department of Home Affairs is migrating its document-storage system to the Computer Assisted Microfilm
(CAM) technology. Once this technology is fully operational, then Stats SA will no longer need to collect rolls
of microfilms for scanning. The scanned images of the death notification forms will form the electronic output
to which Stats SA would have access. With the help of ICR (Intelligent Character Recognition) technology
(already in use at Stats SA during the census of 2001), the image of the handwritten causes of death can be
converted into proper words, which would then be fed into the U.S. coding system for automatic coding. In
this case, however, for the purpose of handling the Afrikaans aspect, Stats SA would have to resort to the
option suggested by Jim Hart for updating the dictionary and adding words to the thesaurus. The technology is
in place and the know-how is there as well. The will and drive are what is needed to help bring it to reality.
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Future Directions of the NCHS MMDS Software Suite

Ed Elliott, National Center for Health Statistics, Centers for Disease Control and Prevention, U.S. Department
of Health and Human Services

I am one of the programmers who work with Donna Glenn at NCHS to develop the MMDS software
suite. What I am going to talk about is the current state of the software, how it is put together, and where we
would like to see it go in the future.

It sounds like most of you are aware of the three main applications from listening to these other
presentations: we have SuperMICAR for data entry, MICAR 200 to automate the multiple-cause coding, and
then ACME TRANSAX to determine the underlying cause. Each of these applications is pretty much
self-contained; they all have graphical user interface; they have the processing code, the interface with
Look-Up Tables, Decision Tables external to the program; and they have to be installed on a user’s machine in
its entirety. It is a self-contained unit. It is propagated throughout an enterprise of all the users of the software;
that leads to some weaknesses that are within the system because we could get different versions of the
software on different machines, which would dilute the integrity of our data.

The software started off on the mainframe; then it got ported or converted to the DOS environment and
was converted to Windows a few years ago. The main language used for the processing part of the application
is the C language, and you can pretty much consider that to be a black box for each of the three applications.
We as programmers do not really like to get in there and tinker around with it too much. The graphical user
interface is done in C++, which is more object-oriented and easier to maintain. However, we have the dilemma
of what to do with the processing code to move forward, especially as we consider going to Web-type
applications.

Also, we do not really have any standard data format for the various files used. We typically store the
data in the database file format (DBF); we have ASCII text input files; and some of the Decision Tables are
still in hash table format, which is really proprietary to us. The different formats could be a weakness for
moving forward. We would like to standardize.

Figure 1 shows the layout of the current ACME program. The version numbers are across the top. I have
ACME Version 1.0, and then on down the Line I have ACME Version 1.3 or 1.4. We have users with different
versions of the program, which are not entirely comparable because the processing rules have changed with
each new release or update. Therefore, people with different versions will not get exactly the same results.
Also, along the bottom row, the Look-Up Tables or Decision Tables could also differ in version if they are not
installed properly on the user’s machine.

We would like to update the actual processing code, that is, pretty much pluck it out of each of the three
applications and put it in a self-contained module that could easily be linked into other programs that either we
develop or that would have widely-published methods that any of you could use to integrate into them,
especially with the ACME program. We would package it into an object called the DLL or Dynamic Link
Library (Figure 2). Later on when we start moving towards more Web-based applications, we could wrap that
DLL into an XML Web service—which is pretty much the darling of the current software development
world—and that could be accessed through different means such as JAVA applications or dot.net applications.
One could develop multiple clients to interface that same processing engine.
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We would also like to standardize the data format for input and output files; XML is the current standard
so that would be desirable. It would also be good to disengage from the Fox Pro file format for the data files
because we have had corruption problems with those files in the past. Consequently, these changes would
result in a more robust database for data storage.

We would probably move forward in a phased approach: once we got this DLL module working, we
could develop a client server application where we extracted or used the extracted processing code, which
would reside on the server along with its set of Look-Up or Decision Tables (Figure 3). Then our client
applications would go through a server for access. The client applications could still differ in version number,
but there would not be as many problems because various clients would differ mainly on fields on the form or
something like that. While it might not work, at least it would not degrade user data as much as the current
setup.

Once we had this approach working, we could have multiple different clients. Nationally, we would have
the current Windows client, much like it is. We would also have Web-based clients, which would be the ideal
method because then we would totally have the whole application—including all the look-up tables—residing
at a standard place that could be accessed through a Web browser. This would alleviate a lot of the installation
problems. We could also develop a batch processing mode of operation where you could just pass a file in
through some FTP side and it would just fit right through the file and give you results. In addition, there are
new mobile devices, palm pilots, PDAs, tablet PCs, and cell phones for which applications could be
developed.
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Ideally, we would get to the whole Web-based situation where everything resided on one end, was all one
unit, and there would be a single version that could be accessed through a Web browser with your input
residing on the client end. It could be accessed through multiple different means as I show across the top of
Figure 3. We would start with ACME because it is pretty much the world standard; it is language-neutral, so
there are not some of the language-related issues that MICAR 200 and SuperMICAR have. MICAR 200 is a
little bit less intensive on the processing side than SuperMICAR, but SuperMICAR interacts with the actual
data entry form a lot more, so that would be next. And then eventually MICAR would be addressed.

The proposed changes would have a lot of benefits, especially once we got to the whole ‘“‘boiler base”
solution for the U.S. State users, because a lot of times we ship out a new update to the States and they may
or may not install it, at least not right away. We have means for detecting what version they are using from the
data files that they send back to us, but our changes would alleviate some of those problems. For international
users, taking the processing code out of each of the individual applications would result in your having three
building blocks to develop your own solutions.

Caveats involved in making these changes are resource limitations. We are getting better at the actual
processing of the data, so I think we may get to the point where we can take the time to make some
improvements. We are also training the existing development staff in these new technologies.

In closing, modularizing the software and separating the actual processing, that is, the core of the
application from the presentation on the form, can be beneficial to everyone.

Thank you very much.
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Discussion on Presentations of Session 1

D. GLENN: We have about 15-20 minutes left for questions. You can address your question to anyone.
Please state your name and the country you are from. Questions?

L. GERAN: Leslie Geran from Canada. I have a question for those countries that are using optical character
recognition, particularly Sweden. I ask this because Canada has had an uneven history of using optical
character recognition (OCR), that is, we have found that it works really well for very large locations like our
national census but for smaller applications—Ilike in surveys—it is too much trouble and too expensive. Given
that Lars Age said he had 55 percent handwritten death certificates, I was wondering whether he sees a more
long-term use of those optical character recognition systems.

L.A. JOHANSSON: The OCR systems are getting better and better, and we use them not just for text; we
use them for taking values from the check boxes into our files. As I said, it is not automatic. People working
in this field say that in just a few years those systems will be able to interpret handwriting.

PARTICIPANT: Doctors’ handwriting?

L.A. JOHANSSON: I think that would possibly take four years more. But I think there is a future in it,
absolutely. The ability of OCR to sort out things that were entered to the form from parts of the form itself has
increased incredibly, so yes, I think this is very possible.

C. ROONEY: Cleo Rooney from the U.K. I wanted to ask what are the Japanese rules that are applied? Are
they different from the standard ICD-10 rules?

M. KIMURA: Basically these are ICD-10 rules. However, because of our culture, the percentage of heart
failure has been like 30 to 40 percent but it does not mean that all of them died of heart failure. So, we
modified the rule to prevent unnecessary fake heart failure deaths.

J.A.O. GARCIA: 1 would like to have a clarification from Lars. He said his system does not use ERN codes.
I do not know if I misunderstood.

L.A. JOHANSSON: No, that is quite right; we do not use the Entity Reference Numbers. In the session on
language tomorrow, I will try to explain in more detail what we did instead.

S. WALKER: I am Sue Walker from Australia. My question is to the gentleman from South Africa. You say

that about 70 or so percent of your death certificates have only one cause. Can you tell us what is the burden

of external causes and how you handle those? Do you have a report of the nature of injury and of the external
cause? Or one or the other? Or neither?

S. BAH: Thank you. In South Africa, the Births and Deaths Registration Act was modified not to allow the
underlying cause of death. When there is an external cause, the physician is just free to write the external
cause, so we have a lot of unspecified external causes of death.

A. MININO: Good morning, my name is Ari Minifio from the National Center for Health Statistics, and I
have a question for Gérard Pavillon. I was very impressed by the fact that STYX gives feedback, and it
explains what it is doing and how it gets to those decisions for coding, etc. I was wondering whether you
could expand a little on that, and especially I want to know whether it was very difficult to implement this
feature on your program.
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G. PAVILLON: Yes, at the beginning I would just want everyone to be clear. For each step, I mean that for
each ICD rule that was applied or not, I gave the name of the ICD rule and then why it was applied or not. At
the end you have the rule sequence and, for each rule, the conditions that the system applies to use the rules or
not. For complex death certificates where you have a lot of rules applied, it is really interesting to know how
you get the underlying cause, and for the coders it is important.

PARTICIPANT: I come from the National Board of Health in Denmark, and I would like first to thank all
the presenters for these very interesting and educating presentations. They put a lot of questions in my head,
but I was actually focused on one for Edward Elliott. Denmark is currently reorganizing our statistical system,
and we would like to integrate the automated code to the system itself. Will the revision you explained and
showed us give this possibility? And could you say more about the time horizon?

E. ELLIOTT: Thank you. Yes, it will open up the actual core of each of the programs to external input from
whatever program you want to use as a front end. If we can get SuperMICAR modified as I described, you
could have your own form with your own language on the form, but the changes would allow input into, for
example, ACME, and you could just pass in records and get the processed output out the other end. We have
recent requests for modifying the existing program to allow this, so we would have to start by way of filing
things in ACME not .exe format and then we would modify ACME so you can pass in a string of words
indicating what the file name of the label was rather than going through the menu system and selecting the file
to be processed. Thus, there would be some sort of match process feeding the data files. By separating the
actual processing code from the main application, you would have more access to doing things like that.
Timeline. Actually, I have a laptop; I am going to be working on that program this week, so I am hoping to
get something going by maybe the third quarter of the year to have that part at least out where we can start
testing and adjusting it. It is going to take some time to do this.

S. NOTZON: We have people from many different countries, between 25 and 30. For those of you whose
native language is not English, I was really impressed with the quality of the presentations this morning. I
know that when I have to make presentations in another language it is hard work, so congratulations to all the
speakers.
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Welcome (Afternoon Session)
Dr. William Steiger, U.S. Department of Health and Human Services

DR. SAM NOTZON: I would like to introduce Dr. Bill Steiger, who serves as special advisor on
international affairs to the Secretary of Health and Human Services Tommy Thompson. Dr. Steiger has been
involved in a number of activities including negotiations surrounding establishment of the global fund to fight
HIV/AIDS, tuberculosis, and malaria. Previously, Dr. Steiger served as a special advisor to Tommy Thompson,
then Governor of Wisconsin. Dr. Steiger has a Ph.D. in Latin American Studies from the University of
California, Los Angeles, and has lived and worked on three continents: Asia, Africa, and Latin America.

DR. STEIGER: Thank you for allowing me to address you on behalf of Secretary Thompson, who
sends his regards and wants you to know what a privilege it is for the Department and for the National Center
for Health Statistics, in particular, to welcome you to Washington. He would also like you to know how
important we think your work and this conference are to not just the international advancement of automation
on mortality statistics but also the work in a number of areas at our Department.

Secretary Thompson really responds well to the presentation of good data and relies on good statistics to
make decisions, as do all of us do at the Department. This kind of a meeting is exactly the kind of forum that
he likes to encourage as a way of putting an emphasis on international collaboration toward better gathering
and better display of data. The large number of countries that are participating in this gathering is indicative of
a wide and growing interest in automated coding systems for mortality data. I would like to welcome all of
our partners around the world, particularly to those of you from the countries of Central and Eastern Europe,
who are about to join the European Union and are interested in harmonizing mortality data with other
countries. I send a special welcome to those of you from Estonia, Hungary, Latvia, Lithuania, and Slovenia.

This ICE on Automation is a great example of international collaboration among countries. We are proud
in the Department of Health and Human Services to be a leader in that collaboration, along with England,
France, and Sweden. We have worked collaboratively on the development of Decision Tables for ICD-10, an
essential part of an automated coding system. We have worked with a number of international organizations
through the ICE group, including the World Health Organization, EuroStat, the U.N. Statistics Division, and
the World Bank.

We have closely collaborated with WHO on automated systems, statistics, and evidence for policy in
general. The Secretary is the U.S. representative to the WHO Executive Board. I fill in for him in that role
sometimes, and most recently I met the incoming Director General of the WHO, Dr. J.W. Lee of South Korea,
who will take over in July. Dr. Lee is focused on data, automation, and information technology as key drivers
for his agenda at WHO. You should feel comfortable with the leadership of the World Health Organization
over the next five or ten years. He invited a small group of 20 or 25 people to think through some issues with
him about the future of WHO. He emphasized his vision for information technology at Headquarters, at the
regional and country offices, and then for working with collaborative partners like the ICE and others to
provide better data for decision making at WHO.

You know that WHO has responsibility for ICD-10. While it has devolved some responsibility to the
collaborating centers, the ICE on Automation is an example of further delegation to countries with technical
expertise. Dr. Lee clearly believes that the Secretariat at WHO and the regional and country offices have an
important role to play in the work that you are doing. I encourage you in your interaction with WHO to obtain
Dr. Lee’s manifesto, as he calls it, his vision for WHO, and talk with him and his staff about automation, data,
and information technology. You will find Dr. Lee to be a strong supporter of the ICE.

I just want to emphasize how supportive we are at the Department for the National Center for Health
Statistics and its continued involvement in the ICE. We rely on the NCHS. For example, we called on Dr.
Sondik recently when the Treasury Department approached us about setting up some criteria for the new
Millennium Challenge Account. President Bush has set aside a doubling of our foreign-assistance money for
targeted grants that will go to certain countries that meet criteria, one of which is “investment in people” as
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measured by investment of domestic resources in health and education. The Treasury and State Departments
were also interested in measuring success. It would be impossible for us to do either without the collaboration
of the National Center for Health Statistics. In terms of measuring success of reduced mortality for the major
diseases, it is impossible without the work that you are doing, so we owe you a great debt of gratitude.

Again, we welcome you to Washington, encourage you in your important work this week, and thank the
organizers and all the funding agencies. So on behalf of the Secretary, I wish you a successful week and thank
you for your hard efforts.
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Session 2: Multiple Cause
Dr. Cleone Rooney (moderator), Office for National Statistics (ONS), England and Wales

I am pleased to chair a session on multiple-cause-of-death coding and analysis. For years, there have
been recommendations about coding all the conditions on the death certificate and about how to analyze them.
Since ICD-6, almost no country routinely codes all of the conditions on the certificate and publishes statistics
based on them. With automation we have an opportunity to do the coding, but there are still a lot of issues to
be addressed.

We have some varied presentations this afternoon. Roberto Becker from PAHO and Ruy Laurenti from
the Brazilian WHO Center are going to talk about some issues in coding multiple causes of death and the need
for internationally agreed definitions and standards. Then, Augusto Hasiak Santo from Brazil will show us
some comparisons of underlying-cause and multiple-cause data on diabetes from a range of countries and talk
about how multiple-cause data can help us understand differences in underlying-cause statistics. Finally, Eric
Stallard from Duke University will show us a rather innovative way of looking at multiple-cause data using
the outputs of the automated system in the United States.

43



Multiple-Cause Mortality Coding
Dr. Roberto Bécker, Pan American Health Organization (PAHO), Washington D.C., U.S.

There are differences in the perspective of using underlying-cause and multiple-cause data. With
underlying cause, basically we are discussing prevention. However, there are known limitations of using only
underlying cause: the epidemiological principle of multicausality disappears. Further, the underlying cause may
not be the originating antecedent cause, for example when we change or modify the first selected cause.
Maybe the underlying cause is different from what the physician intended to say or stated as the beginning of
the process. In addition, we may have different selections and codes from different coders, and there are many
hidden conditions such as nutrition problems, malnutrition, obesity, hypertension, diabetes, alcoholism, and so
forth. There are also some arbitrary definitions, especially related to precedence. We have to make assumptions
that may not be correct all the time. And it is very difficult to select one underlying cause with very mixed
conditions in chronic degenerative diseases.

With multiple causes, we may have solutions for many of the problems that result from using a single
underlying cause. Thus, we can identify complications using the multiple-cause sequence, which we cannot do
working only with underlying cause. We can restore the natural history of the diseases, which also is lost with
a single cause. We can get more information on the prevalence of health problems. I am not saying that with
multiple-cause we will know the prevalence of the problem but we will get more information on the
prevalence of health problems. We can study the relationship between external causes and injuries. We can
identify and make interventions on risk factors if we put this information in our systems. We can work with
etiology and clinical manifestations, including the well-known but not that often used double-coding or
“dagger-asterisk” system. Also, in perinatal mortality, we can better analyze maternal and child factors.

We do need international standards for coding multiple causes of death. In spite of our current use of
four instead of three lines on the death certificate, there still may not be enough space to provide an incentive
to the certifiers to give us more information. Maybe we need new instructions to complete the death certificate
because we used to instruct “do not put more than one diagnosis per line.”” Thus, to get more information we
may have to review this instruction.

The multiple-cause tabulations are complex; they depend on the type of analysis we want: mention,
number of mentions, underlying, terminal, intermediate, etc. We may need important changes in the software;
for example, the U.S. system may have to be adapted if we get international standards for linked codes. We
will need training materials and trained coders. We have to pay attention that some conditions may increase
because of several mentions on the death certificate of similar conditions.

Where can we get data for analysis of multiple causes? We can get it from databases, for example,
generated by TRANSAX in the databases of the U.S. We may be able to complement this directly from
samples of death certificates with such non-processed variables as timing between conditions and ill-defined
conditions that are not very often found in mortality databases. We can also look for more information in
medical records including lab results, treatment, procedures, and so on. Probably the most complex and
complete way is to perform verbal autopsies, redoing completely the medical history. For any of these sources
the coding rules and principles should be the same, regardless of the source of our data. We will need
definitions for other types of causes in addition to underlying cause.

In multiple-cause coding, the first rule is the correct and standard selection of the underlying cause of
death. Usually the idea is to put an individual code for every diagnostic term, condition, sign or symptom
reported on the death certificate. Are all the codes valid for multiple coding? In my opinion, all are, including
asterisk codes, postprocedural, and “Z” codes in the last chapter of ICD-10. In my opinion, the rules and
notes of inclusion and exclusion are valid only for underlying-cause selection, so we have to review whether
we need specific inclusion/exclusion notes for multiple coding. Some of them we will need but some maybe
not; we have to review all of them.

Another point is related to linkage where we can have different situations in multiple-cause coding. We
can have hidden conditions; for example, in a case with hypertensive renal disease plus acute myocardial
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infarction, the underlying cause—hypertension—would disappear. However, with multiple-cause coding, we
may just put independent codes for each entity. In another situation, linked codes may be used for several
associated conditions. For example, in the case of HIV disease plus dementia, B22.0 is the code for HIV
disease resulting in encephalopathy, which includes dementia; but it includes several other conditions. If we
just use this linked code, we are losing information. The solution could be to use, for example, a specific code,
F02.4 , an asterisk code, which is exactly ‘“dementia in HIV disease’ or simply the general FO3 code
“unspecified dementia.”

There are situations where we get very specific codes for a combination of conditions; one example is
K57.2, “diverticular disease of large intestine with perforation and abscess.”” The meaning of this code is
unique and explicit so one does not need several codes; all the information is present in a single code.

For maternal mortality, a recommendation from the FIC-Network states that when the underlying cause is
selected in Chapter XV (“‘Pregnancy, Childbirth and the Puerperium’), any associated condition or
complication should be coded in other chapters to provide more detailed information. For example,
“postpartum coagulation defects™ is a general statement, but “fibrinolysis™ is a specific code from another
chapter. If the underlying cause is not in Chapter XV, at least one code should be chosen from this chapter.
Let us use the example of B24, “unspecified HIV disease,”” where we can use the code 098.8, “other
maternal infections and parasitic diseases complicating pregnancy, childbirth, and the puerperium,” because the
exclusion note is for the underlying cause. Thus, we will have in the record one code from Chapter XV to
identify the maternal mortality.

Another example is an external cause such as consecutive accidents. Imagine flooding causing a car
accident, fall in a river, and drowning. In this case, we can code all the external causes and all the injuries.

Another point is related to data consistency. With multiple causes, for all the codes, we can check the
consistency of not only underlying cause with sex and age, but also with unlikely or very rare conditions. We
can expect repetitions. For example, “acute bronchitis, unspecified” is J20.9. The same code would be used
whether acute bronchitis were mentioned with bronchospasm or specified as septic. With multiple-cause
coding, we can use specific codes for bronchospasm and sepsis to provide more detailed and complete
information.

Sometimes certifiers provide considerable information on the death certificates that result in repetitious or
very close codes. For example, there is a code for “‘junctional premature depolarization” (149.2) and on the
same death certificate you can get “cardiac arrhythmia, unspecified” (149.9). In this case, I prefer to choose
the more specific code. Alike conditions may inflate some cause groups. An example is “multiple sclerosis™
(G35) and ‘‘acute transverse myelitis”’ (G37.3), which are not the same thing but are in the same group in
ICD-10: “Demyelization diseases of the central nervous system” (G35-G37). Much work needs to be done
for this type of situation. We will surely need decision tables for multiple-cause coding that are different from
those for underlying-cause coding.

Finally, there are different ways to organize the data depending on what we are going to do with the data,
what type of analysis, and the nature of the relationship among the causes. One may simply have underlying
cause plus other diagnoses, that is, one field for underlying cause, and several for other causes. In many
countries, multiple-cause coding includes the underlying cause of death and additional fields for other causes.
One may show placement on the death certificate, that is, underlying cause and other diagnoses on lines A, B,
C, D, Part 1, or Part 2. Finally, one may have underlying cause with reordering and defining the role and type
of every cause, such as underlying, intermediate, terminal, contributory, associated, risk factor, etc.

My presentation was adapted from a workshop of 4 weeks ago to discuss multiple causes and is a way to
resume the discussion concerning rules and standards for multiple coding.

Thank you.
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Multiple Causes of Death: Definitions and Coding Rules

Dr. Ruy Laurenti, WHO Collaborating Center, University of Sdo Paulo, Brazil and Cassia Maria
Buchalla, Ph.D., WHO Collaborating Center and School of Public Health, University of Sao Paulo, Brazil

Introduction

The importance of analyzing mortality using underlying cause and multiple causes of death is well
recognized. Even John Graunt in his classic work of 1662, Natural and Political Observations Made Upon the
Bills of Mortality, made some comments on ‘“‘dying due to a disease’ and ‘““dying with a disease.” The
importance of tabulations by multiple causes is based on the fact that rarely is a death due to only one cause.
Therefore, to have a picture of the status of a population using mortality indicators, it would be best to
tabulate all the diseases and complications present at the moment of death.

One can give many examples of mortality analysis according to multiple causes. One study carried out on
deaths in hospitals in Sao Paulo, for instance, showed that diabetes mellitus was associated with hypertension
in 33.7 percent of the cases, with ischemic heart diseases in 31.3 percent, with cerebrovascular diseases in
42.8 percent, with malignant neoplasias in only 2.6 percent of cases, and with infectious diseases in
19.5 percent.

The same study showed that when a hypertensive disease was mentioned on the death certificate, it was
reported with diabetes (13 percent), ischemic heart disease (29.3 percent), cerebrovascular diseases
(66.1 percent), and arterial diseases (31.8 percent). Another study analyzing death certificates of adults in Sdo
Paulo showed that hypertension was selected as the underlying cause in 2.7 percent of the cases; however, it
was mentioned in 30 percent of the cases.

Successive reviews in ICD recommend analyzing mortality in terms of multiple causes. Thus, in ICD-6
(approved in 1948), a “Suggested Form of Multiple Cause Tabulation™ was presented. The ICD-7 includes a
reference to multiple causes of death; ICD-8 presents a specific recommendation in the “Report of the
International Conference for the Eight Revision” with respect to multiple causes (see item 2.5 “Multiple Cause
Tabulation and Analysis’). ICD-9 and ICD-10 also refer to the tabulation and analyses of mortality by
multiple causes. In spite of all that has been said and published, very little has been done in terms of routinely
publishing mortality statistics according to multiple causes, which would be very beneficial in epidemiology
and health services management.

Mortality analysis by multiple causes

In recent years, software for the tabulation of multiple causes has been developed, presented and
discussed. However, these discussions do not deal with definitions, standards, and guidelines for coding
multiple causes. The adoption of definitions and standards is vital and necessary to develop software to
tabulate multiple causes.

At the meeting of Heads of WHO Collaborating Centers for the Classification of Diseases in Uppsala,
1988, the Pan American Health Organization (PAHO) presented the paper, “A Suggested Methodology for
Multiple Causes (DES/IC/C/88-38)” with proposals for definitions and rules for coding multiple causes. At the
meeting of Heads of WHO Collaborating Centers for the Classification of Diseases in Washington, 1993, the
Brazilian Center presented a paper (SES/ICD/C/93-7) discussing multiple causes and the slow advance we
have had even though the issue has been discussed in several papers, and the Center Heads supported the
PAHO proposal. These definitions and rules from the earlier papers are presented below as a base for
discussion.

Definitions
Intervening causes: All conditions precipitated by the underlying cause.
Importance: If sometimes the underlying cause cannot be easily prevented, it may be more feasible to
prevent complications or conditions precipitated by the underlying cause.
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Conditioning causes: Those conditions that actually initiate the chain of events leading to death when the
originating cause is not the underlying cause.

Importance: Sometimes due to coding requirements, the real originating cause is hidden. It is important to
know the real primary cause for preventive purposes.

Contributory causes: All those conditions that are not part of the chain leading to death but that
contribute to 1t.

Importance: The knowledge of those conditions is important to study co-causal factors.

Associated causes: All other conditions, which are neither underlying causes, intervening causes,
conditioning causes, nor contributory causes.

Importance: The knowledge of those other conditions is complementary in the study of the net of
causality.

Rules for coding multiple causes
Intervening cause

I(b) If the underlying cause is selected by application of Rule 1 and no modifications have been made,
assume that all the conditions entered in the sequence above the underlying cause are intervening causes.

I(c) If the underlying cause was selected by General Principle or Rules 1, 2, or 3 and modified by Rules A or
B, apply rules I(a) or I(b) depending on the way the new underlying cause was reselected. Disregard the
ill-defined conditions.

I(d) If the underlying cause selected by General Principle or Rule 1, 2, or 3 was modified by Rule C, proceed
as follows:

If the underlying cause has the same code of any disease in the certificate, assume that the sequence
starts at this level and apply I(a) or I(b) depending on the rule previously applied.

If the underlying cause has a different code from all the diseases in the certificate, apply I(a) or I(b)
underlying cause.

I(e) If the underlying cause of death was selected by General Principle or Rules 1 or 2 and modified by rule
D or E, apply rules I(a) or I(b) on the previously selected cause taking into account the selections rules
applied. Disregard the real underlying cause and the selected cause.

Conditioning cause

C(a) When the underlying cause selected by General Principle or Rule 1 is modified by Rule C by linkage
with any disease entered above the selected cause, take the previously selected cause as conditioning
cause.

C(b) When the selected cause is due to a cause that has been disregarded because of the “Guides for the
determination of the probability of sequences,” take this “highly improbable” condition as the
conditioning cause. It does not apply to highly improbable conditions due to dates of onset.

Contributory cause

D(a) Select the cause or causes listed on Part II of the certificate, unless they were taken into account to apply
modification Rules C or 3.

D(b) If the underlying cause is a disease entered in Part II of the certificate and there are conditions other than
in Part II, select the other conditions in Part II as contributing causes.

Associated cause

A(c) Select all the other causes entered on the certificate that were not selected as underlying, intervening,
conditioning, or contributory.
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Diabetes Mellitus: Differential Multiple-Causes-of-Death Mortality Among the
States of Rio De Janeiro and Sao Paulo (Brazil), Australia, England and Wales,
Scotland, and the United States of America

Dr. Augusto Hasiak Santo, University of Sa[00e3]o Paulo, Brazil
Introduction

This paper is about differential multiple causes of death among the states of Rio, Sdo Paulo, Australia,
England, Wales, Scotland, and the United States regarding diabetes mellitus. To prepare this paper, in addition
to Brazilian data, I gathered data from members of the planning committee of the ICE and others. Some
countries could not send me data because of legal issues. I acknowledge Anne Wellington, Peter Borg, and
Eddy Anderson from Australia.

Cause of death is different among regions due to epidemiological factors, circumstances related to the
certification of death, and procedures for coding and processing data. Diabetes mellitus is only selected as the
underlying cause about one-third of the times it appears on death certificates, but it is very often mentioned on
death certificates. Papers on diabetes with multiple causes of death are common, and they are often based on
multiple causes.

The objectives of this paper are to compare the differences in causes of death related to diabetes across
the regions we mentioned before. We call ““associated causes” those that are non-underlying causes.
“Non-underlying cause” is the name used in the U.S. for “associated cause.”

Data sources and problems

The data came from official vital statistics offices of the participating regions. Diabetes includes codes
E10 to E14 of ICD-10. Causes of death were processed by multiple-cause-of-death software that Celso
Escobar Pinheiro and I developed, which is a tabulator for underlying cause of death. Another software
program that looks for associated causes and will make a separate file of only associated causes is called
“Death Records Tabulator,” and it is not yet published.

To present the associated causes, a list of the most frequently associated causes and of the causes related
to the natural history of diabetes was prepared. This list was used by the Tabulator to display the associated
cause of death. With software developed by Gambesi and distributed by the Pan American Health Organization
(PAHO), death rates were standardized using the world population.

While developing this paper, I had some difficulties. For instance, the data file that I received was in
ASCII flat text and comma-separated. Some software programs have difficulty recognizing text files, so there
are problems running these files. My intention was to present causes of death; thus, I asked for only causes of
death, which did not necessarily have accompanying documentation. When I began to receive comments and
suggestions from the participants (some requested data by age, for standardization of age, for sex, etc.), I had
documentation for the Brazilian file but not for all of the other country files. For the U.S. file we had good
documentation that allowed us to check whatever we were doing. There were control totals so that if we found
a different value, we could check whether or not our software was good or assess any other difficulty. The
Australian report is exemplary; I use it in courses on multiple causes of death. This is another example of
good documentation.

Regarding ““axis coding,” at first I had not asked for multiple-cause data in any particular axis. However,
in Brazil, we do not have “record-axis’ data; we only have “‘entity-axis’ codes, so when I received
“record-axis” codes from some countries, they were not comparable with the Brazilian data. Thus, you will
see on Table 2 how in one country record-axis codes and notations appeared. TRANSAX removes some codes
from records, so it is going to be hard to see vascular diseases.

Finally, all countries used different field names and had different field sizes, which were additional
problems.
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Results

Table 1 presents a synthesis of the data, including the year of the data, the population of each country, the
numbers, the total number of deaths of each country, the type of condition codes, the number of causes by
death certificate, etc.
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Diabetes figures are also shown as follows: underlying cause, diabetes-associated causes, the ratio of
mentions to the underlying cause, the mean number of causes, and the proportion of all deaths in each country.
Thus, for Rio de Janeiro the standardized death rate for diabetes (underlying cause) is 31.9 and for England it
is 4.8; the rate varies greatly around the world.
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Table 2, which was prepared with the multiple-cause-of-death tabulator, shows the distribution of
associated causes among countries. Ischemic heart disease is higher in England, Australia, Scotland, and the
United States.
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Table 3 shows diabetes as an associated cause of death with the underlying cause of death in the first
column.
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Conclusion

The conclusions, of course, are that we can gain very much insight using multiple-cause-of-death analysis
and that diabetes is not a disease equally reported around the world.
Thank you very much.

Comments

C. ROONEY: I thought it was very striking that in the underlying cause statistics there is more than a
six-fold difference between the country with the lowest mortality rate from diabetes, which seems to be
England and Wales, and the highest, which is Brazil. Whereas when you go to the multiple cause, the
difference between the highest and the lowest is about two and a half times. Do you think that is because the
disease is different, the certificates are written differently, or the selection rules are applied differently?

DR. SANTO: It is very difficult to answer this question because I do not know how physicians certify
deaths in other countries. In Brazil we use the tables of the ACME that have undergone some adaptations. You
may notice also that the numbers of causes of death vary greatly. England has the lowest rate of conditions per
death certificate, which may influence these differences. To better answer this question, we should sit down
now and see what happens in every country.
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Disease Patterns in Multiple-Cause Data at Advanced Ages:
United States 1980-1998

Eric Stallard, A.S.A., M.A.A.A., Center for Demographic Studies, Duke University, Durham, North Carolina,
U.S.

Introduction

I want to thank the organizers, especially Bob Anderson, for inviting me to make this presentation. I also
want to thank the National Institute on Aging for support of this research. In the planning discussions, Bob
Anderson asked me to make the presentation new, to make it exciting, and to make it simple. I will try to do
all three of those things today.

Let me deal with the “new’ part first. The presentation expands upon results in my July 2002 paper in
the North American Actuarial Journal (NAAJ) available online at www.soa.org (Stallard, 2002). When I wrote
that paper, I did an extensive literature search on the use of multiple-cause mortality data. The most surprising
finding was how few articles had been published on the topic over the past 20 years. My expectation is that
most of you will not be familiar with the methods and results of analyses of multiple-cause mortality data, and
I am hoping that you will be surprised by at least some of the results in the presentation.

Let me deal with the “simple” part next. To facilitate the presentation, I prepared handouts that are
identical to the slides, except that the handouts include an Appendix. Twenty of the 36 slides in the
presentation contain graphical displays of the analytic results. The Appendix contains eight tables from the
NAAJ paper displaying summary measures for individual causes of death by age, sex, and year. Given the
time constraints and the goal of making the presentation simple, I will not comment further on the Appendix
materials.

Methods

With these simplifications, my goal today is to make the presentation sufficiently new and exciting that
you are motivated to pursue the details on your own after I have finished. The analysis focuses on the calendar
period 1980-1998, a period during which U.S. mortality data were coded using the Ninth Revision of the
International Classification of Diseases (ICD-9). The analysis focuses on 14 major causes of death, which I
will talk about shortly. The analysis focuses on the elderly population, primarily because I have done almost
all of my prior research on the elderly; so, it appeared best to focus on age groups where I already had
significant analytic experience.

Four fundamental measures can be used to characterize individual-level microdata records containing
computerized coding of cause-of-death data from death certificates. All four measures can be described as
“death rates,” and for all four measures the denominators typically are the mid-year population in the
demographic groups under analysis. The numerators of such death rates are distinguished by the source of the
information used in the tabulations. The first measure uses underlying-cause-of-death (UC) mortality data in
forming the numerators of death rates. This is the measure used in almost all national vital statistics reports,
and it is the measure assumed to be used unless clearly stated to be otherwise. The second measure uses
multiple-cause-of-death (MC) mortality data in forming the numerators of death rates. This measure is based
on the complete set of causes of death recorded and computer coded (using the ‘“‘record-axis” algorithm) from
the cause-of-death section of the death certificate (e.g., see Section 6 of the U.S. Standard Certificate of
Death). The third measure uses associated-cause-of-death (AC) mortality data in forming the numerators of
death rates. The associated causes comprise all causes other than the underlying cause and are identified by
listing the entire set of MC causes and then deleting the UC cause.
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In calculating the MC and AC death rates, it is significant to note that there may be more than one listed
cause of death per decedent. In my applications, I recode the MC conditions to the 14 categories listed in
Table 1 (above), insert the corresponding recode of the UC code (to guard against a remote possibility that the
UC recode would not appear among the MC recodes), and then remove all duplicate recodes to obtain a
unique unduplicated sequence of conditions. This allows the AC conditions to be unambiguously defined and
also allows consideration of the joint occurrences of one or more MC conditions. The “‘record-axis” coding of
the MC conditions is generally done without recording information on the order of the conditions in the
cause-of-death section of the death certificate, and that procedure was followed in my tabulations.

The fourth measure uses the joint occurrences of two or more MC conditions in constructing the
numerators of the death rates. With 14 MC conditions plus a residual category, there are 15 x 4 =210 pairs of
such conditions, which reduces to 105 distinct pairs because the order of the conditions is not preserved.
Similarly, there are 15 x 14 x 13 =2,730 triples of such conditions, which reduces to 455 distinct triples with
duplicates removed. Because the joint occurrences represent a unique aspect of multiple-cause mortality data, I
focused this presentation on the lessons that can be learned from studying this particular measure of mortality.

I hate suspense, so I am going to tell you right now what you learn. What you learn is that the causes of
death are not independent. This is important if you assume each UC condition is the sole causative agent in
the mortality process. Such an assumption is implicit in conventional methods for computing the number of
years of life lost due to each cause of death. In fact, this assumption is consistent with the standard definition
of the underlying cause of death, as: “(a) The disease or injury which initiated the train of events leading
directly to death, or (b) the circumstances of the accident or violence which produced the fatal injury.”

In contrast, associated conditions may be conditions that resulted from the indicated underlying-cause
condition (“‘Part I conditions’”) or conditions that contributed to death but did not result from the
underlying-cause condition (“‘Part II conditions’’). The computer-based record-axis coding provides a listing of
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all distinct medical conditions in a form comparable with the underlying-cause codes, but in a form that does
not preserve sequence information from Part I of the death certificate.

Once it is recognized that MC conditions may appear as either AC conditions or as UC conditions, it
follows that MC conditions may have different roles in mortality, that individual MC conditions may be
amalgamations of heterogeneous medical conditions, and that there may be dependencies between MC
conditions that had not been recognized previously. Disease dependencies are well recognized in clinical
practice but such dependencies have received little attention in statistical reports prepared from national
mortality data. Disease dependencies are in no way forced on the data just because multiple causes are
reported on the death certificate. Disease dependencies among the multiple causes reported on the death
certificate could motivate further investigation into the nature of such dependencies and may serve to inform
clinical practice.

To the extent that the various diseases, conditions, or causes are not independent, one could ask how
appropriate is it to follow the death certification rules which require the certifier to designate one or more of
the reported conditions as a “‘cause’ or as “‘the cause” of death. If the various diseases, conditions, or causes
are in fact dependent, then specific combinations of MC conditions may indicate the actions of one or more
fundamental biomedical processes that are responsible both for the death and for the dependency patterns
among the reported MC conditions. These are fundamental issues that require thoughtful consideration.

We now need to briefly discuss the data. For this analysis, I used NCHS death certificate microdata
records for 1980, 1990, and 1998. These files contained death certificate reports for all 2.0-2.3 million deaths
each year in the United States, including the 1.3—1.8 million deaths among persons aged 65 and older. The
exposed population was estimated using corresponding midyear population counts obtained from the U.S.
Bureau of the Census. The Census counts were adjusted via extinct cohort calculations (based on the NCHS
mortality counts) to complete the population data series to age 105. These adjustments were motivated by
concerns about the reliability of census data counts at extreme old ages. However, they are actually of little
consequence for the analyses presented today.

Table 1, as already presented, lists the 14 causes of death used in the analysis along with the ICD-9
codes used to define the cause-of-death categories. A fifteenth cause was defined as the residual category for
all ICD-9 codes not explicitly included in defining the first 14 causes. The residual category allowed the
tabulations to include all deaths in the selected age and sex groups, which facilitated verification of the
accuracy of our tabulation procedures by reference to independent control tables. In addition, the residual
category completed the set of possible outcomes in considering the joint dependencies of the MC conditions.

These procedures are fully general in the sense that they could be applied to any list of conditions
defined using ICD-9 codings of the MC conditions. The specific list indicated in Tables 2—4 was derived from
two NCHS lists. I combined NCHS’s 1998 top 15 underlying causes with NCHS’s 1999 top 15 underlying
causes. In so doing, I dropped accidents and homicide because those were external causes, and I wanted to
look at conditions that reflected internal physiology. I added aortic aneurysm because that was new to the 1999
list, and I restricted the list to 14 defined conditions (or 15, with residual causes included) because a count of
the total number of cells in my largest table indicated that I was working with 23 million cells. Adding just
one additional defined condition would have raised the total to 46 million cells, and that would have exceeded
the capacity of my processing software. Once the exploratory analyses have been done, it would be reasonable
to consider longer lists of conditions. This could necessitate updates to the tabulation software and/or increased
computer memory.
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Figure |.

METHODS --Tabulations

JF-Table = MC1(2) by ... by MC15(2) by AGE(8) by
SEX(2) by YEAR(3),

EJF-Table = MC1(2) by ... by MC15(2) by AGE(8) by
SEX(2) by YEAR(3),

JF/EJF-Table = JF-Table / EJF-Table.

Figure 1 (above) provides summary specifications for the two types of tabulations employed in the
analysis. “JF” is a mnemonic for “joint frequency.” “JF-Table” denotes a joint frequency tabulation. The
JF-Table specified in Figure 1 is an 18-dimensional table comprising 15 dimensions, one each for the 15
medical conditions, and 1 dimension each for age, sex, and year. Each death certificate record in the analysis
generates an increment to exactly 1 of the 1,572,864 cells in the table, where 1,572,864 =2"> x 8 x 2 x 3.

To construct the joint-frequency table, one must define 15 binary indicators, one for each of the 15
conditions listed in Table 1. In processing each death certificate record, one sets the first indicator to 1 if the
first condition appears on the MC condition field of the death certificate; otherwise, one sets the first indicator
to 0. One sets the second indicator to 1 if the second condition appears on the MC condition field of the death
certificate; otherwise, one sets the second indicator to 0. One repeats this procedure for the remaining 13
indicators. At this point, the JF-Table can be incremented at the appropriate cell indexed by the combination of
the 15 indicators, age, sex, and year, to include the information from the current death certificate record. This
procedure defines the basic tabulation, which is an 18-dimensional table. Whether you are using your own
programs or vendor software, I recommend that you perform verification tests to ensure the accuracy of the
tabulations. I have seen software and compilers for multidimensional tables that fail to produce correct results
with more than six dimensions.

In Figure 1, “EJF” is the mnemonic for “expected joint frequency.” “EJF-Table’” denotes the expected
values of the counts in the JF-Table containing the associated joint frequency tabulation. Following Bob
Anderson’s request to keep things simple, the expected values of the joint frequencies were based on the
assumption that the causes of death were independent, within combinations of age, sex, and year. Under
independence, the fraction of deaths that mention one condition can be multiplied by the fraction of deaths that
mention some other condition to produce the fraction of deaths that mention the pair of conditions. For
example, consider one condition that is mentioned in half of the death certificates and one that is mentioned in
10 percent of the death certificates. Under independence, the pair of conditions would be expected to be jointly
mentioned in five percent of the death certificates. The computation of the expected joint frequency of each
pair of conditions is a simple multiplication that can be understood by most people. Moreover, it does not
matter whether you have two conditions, three conditions, or more than three conditions, you are just
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multiplying fractions. With three conditions, you compute the expected fraction of deaths that mention a given
triple by multiplying the fraction of deaths that mention the first condition by the fraction that mention the
second condition, and then multiplying the result by the fraction that mention the third condition. As the
number of conditions being jointly considered increases, the expected-value fractions get smaller. Nonetheless,
when you have 1.3-1.8 million records per year as the total number over the 16 combinations of age and sex,
you can tolerate small fractions. For the EJF-Table, the expected-value fractions were computed for the joint
occurrences of 15 conditions. These were converted to expected-value counts by multiplying each fraction by
the number of deaths in the corresponding combination of age, sex, and year categories. Finally,
“JF/EJF-Table” is the mnemonic for the table of the ratios of the observed to expected joint frequencies.
These ratios can be constructed for any combination of two conditions, three conditions, or more than three
conditions by first summing the JF-Table and the EJF-Table over those conditions that are not part of the
selected combination (yielding a smaller marginal table) and then computing the observed/expected ratios for
the retained combinations on a cell-by-cell basis (i.e., within the resulting pairs of marginal JF- and
EJF-Tables). This can be tedious, but not difficult, if the number of pairs, triples, etc., is large.

Demographers, epidemiologists, gerontologists, statisticians, and actuaries all are familiar with ratios of
observed to expected counts, standardized mortality rates, standardized morbidity ratios, and similar measures.
In each case, one takes the observed number and divides it by the expected number. Under the independence
assumptions for joint frequencies of MC conditions, if the observed/expected ratio is 1.0, then the conditions
are independent. If the ratio is not 1.0, then the conditions are dependent.

Many analysts are familiar with the calculation of correlation coefficients and correlation matrices. In
tabulating the JF-Table, one needs to code 15 binary indicator variables, one for each of the 15 conditions used
in the analysis. In addition, one could construct a 15 x 15 correlation matrix containing the pairwise correlation
coefficients for the 15 indicator variables for each combination of age, sex, and year. Because the 0-1 coding
of the indicator variables restricts the matrix of raw sums and squares of cross products to include only those
death certificates where pairs of conditions are both present, it follows that the observed/expected ratio attains
the value 1.0 at precisely the same point as the correlation coefficient is 0.0. Positive values of the correlation
coefficient correspond to observed/expected ratios greater than 1.0; and negative values to observed/expected
ratios less than 1.0.

In the context of the present analysis, the observed/expected ratios are easier to interpret than are
correlation coefficients. Moreover, the observed/expected ratios can be computed for triples and higher order
combinations of conditions whereas no similar generalization exists for correlation coefficients.
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Figure 2.

METHODS --Tabulations

Age Standardized Death Rate

ASDR,  =ym, Fi/>F;

Age Standardized Death Count

sy

ASDC, =3n,, FilP,

In order to make valid cross-temporal comparisons, one needs to age-standardize the observed/expected
ratios. Therefore, we now need to briefly discuss age standardization methods. Figure 2 (above) presents the
usual formula for the age-standardized death rate (ASDR) for condition k in sex s in year y, defined as the
death rate that would occur in a standard population {P}}, where a denotes age, under the schedule of
age-specific death rates {mkasy}, where, observed for condition k at age a in sex s in year y, and where
{nkasy} is the set of age-specific death counts observed for condition k at age a in sex s in year y and {Pasy}
is the corresponding set of exposed population counts.

The denominator of the age-standardized death rate is constant for all rates computed in the analysis;
only the numerator varies over sex and year. If one retains only the numerator of the age-standardized death
rate, the result is a quantity that can be characterized as an age-standardized death count (ASDC). Hence,
ASDCs and ASDRs contain equivalent information. We focus on ASDCs because the present analysis greatly
simplifies if the standardization uses ASDCs rather than ASDRs. The ASDC formula can be applied to both
the JF-Tables and the EJF-Tables to compute age-standardized observed/expected ratios for pairs and triples of
MC conditions. All that is required is that the condition subscript k be redefined in the ASDC formula as an
index for the 105 pairs of MC conditions, in the case of pairwise occurrences of the 15 conditions; as an index
for the 455 triples of MC conditions, in the case of 3-way occurrences of the 15 conditions; or as a higher
order index in the case of combinations of 4 or more conditions.
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Results
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The age-standardized observed/expected ratios for pairs of MC conditions are shown separately by year
in slides Tables 2—4 (above) for the 105 distinct pairwise combinations of the 15 MC conditions. Table 2
shows the 1980 unisex table; Table 3 the 1990 unisex table; and Table 4 the 1998 unisex table. Because there
are far too many ratios to discuss individually at this time, I considered how to graphically display the most
salient results. To do so, I focus on the 1998 results in Table 4.

Figures 3—16 (below) illustrate one approach to presentation of the results. One graph is presented for
each of the first 14 conditions listed in the column headings in Table 4. Each graph displays the
observed/expected ratios in the 14 non-empty rows of the selected column in Table 4 in descending rank order.
Under the assumptions of the model, ratios greater than 1.0 imply positive association or correlation of the pair
of conditions; ratios below 1.0 imply negative association or correlation; and ratios equal to 1.0 imply
independence of the conditions. To illustrate, consider Figure 3, which displays the observed/expected ratios
for all conditions paired with diseases of the heart. The observed/expected ratios for diseases of the heart
paired with diabetes, hypertension, atherosclerosis, and nephritis/nephrosis are all above 1.0; the ratio for
diseases of the heart paired with chronic obstructive pulmonary diseases is near 1.0; and the ratios for diseases
of the heart paired with everything else are below 1.0.
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Figure 6.
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Figure 9.

Figure 10.
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Figure 11.
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Figure 13.
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Because of the nature of the reporting process, it is possible theoretically to have a mortality process
where one condition acting alone was sufficient to cause death, in which case one would never see a second
condition. Consideration of such processes may help in the interpretation of some of the lower ratios.
However, the same argument does not apply to explain ratios that are greater than 1.0, so for every pair for
which the observed/expected ratio is above 1.0 there is a higher than expected association or a positive
correlation, which violates the assumption of independence and which can not be attributed to the constraints
of the reporting process. With respect to diseases of the heart, diabetes and hypertension have the strongest
positive associations. Both conditions are well-known risk factors for diseases of the heart and the observed
association is consistent with clinical knowledge.

Figure 4 shows that all ratios for cancer are below one, and in fact are below 0.75. This indicates that the
ratios for independent pairs of conditions may in truth be below 1.0, which could occur if the death
certification process excluded conditions that were medically significant but not lethal. Figure 5 shows some
very high ratios for cerebrovascular diseases, where the pairing with hypertension yields an observed/expected
ratio of 2.1. Atherosclerosis (1.9 ratio) and diabetes (1.4 ratio) are the second- and third-ranked conditions
paired with cerebrovascular diseases. Figure 6 displays the ratios for chronic obstructive pulmonary diseases.
The pairwise association with pneumonia/influenza has the highest observed/expected ratio at 1.5. Residual
causes rank second, with no other positive pairwise associations. For pneumonia and influenza (Figure 7), by
symmetry, the pairwise association with chronic obstructive pulmonary diseases has the same 1.5 ratio—which
ranks second behind septicemia, with a 2.0 ratio. For diabetes (Figure 8), the pairwise associations with
hypertension, nephritis/nephrosis, and atherosclerosis are the three top-ranked associations. The hypertension
ratio of 2.6 is a fairly high multiplier and indicates that these pairs are occurring at a rate far higher than
expected under the independence assumption. Suicide (Figure 9) needs some additional explanation. In U.S.
coding practice, and I expect for many other countries, the nature-of-injury code (N-code) is coded with each
suicide. As a result, each suicide is recorded with at least two ICD-9 conditions, with the N-code included in
the residual-causes category using the list of causes in Table 1. Figure 9 shows that the observed/expected ratio
for the joint occurrence of suicide and residual causes is 2.2, which is the only positive association shown. The
ratios for the combinations of suicide with the remaining 13 conditions are all substantially below 0.2. I had
expected to obtain higher ratios for at least some of the 13 conditions, but it is clear now that the associations
that are reported are relatively low.

Figures 10-16 display pairwise positive associations in rank order as follows:

® For nephritis/nephrosis (Figure 10)—with septicemia, diabetes, chronic liver disease, and atherosclerosis.

® For chronic liver disease (Figure 11)—with nephritis/nephrosis, residual causes, and septicemia.

® For septicemia (Figure 12)—with nephritis/nephrosis, pneumonia/influenza, residual causes, chronic liver
disease, and diabetes.

® For Alzheimer’s disease (Figure 13)—with pneumonia/influenza.

® For atherosclerosis (Figure 14)—with cerebrovascular diseases, diabetes, hypertension, nephritis/nephrosis,
diseases of the heart, and aortic aneurysm.

® For hypertension (Figure 15)—with diabetes, cerebrovascular diseases, aortic aneurysm, atherosclerosis, and
diseases of the heart.

® For aortic aneurysm (Figure 16)—with hypertension, nephritis/nephrosis, and atherosclerosis.

Figures 17-22 (below) display selected results from the observed/expected joint frequency ratios based on
associations of combinations of sets of three conditions. The format is the same as in the previous figures
where the title of each graph identifies one condition that is part of all of the combinations in that graph. The
condition names at the bottom of each graph represent the 14 pairs of conditions that combine with the title
condition to form the 14 triple combinations with the highest-ranked observed/expected joint frequency ratios.
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Figure 18.
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Figure 2.

Figure 21.
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Figure 17 presents the top 14 ranked triples involving diseases of the heart. The highest ratio has disease
of the heart combined with diabetes and hypertension, which occurs 3.3 times more frequently than expected
under independence. This result convinces one that these three conditions are not independent. If these
conditions were treated as independent in constructing cause-elimination life tables for these conditions, then
the results in Figure 17 imply that the calculations would be incorrect. It may be difficult to assess how much
error would occur in those calculations, but it is absolutely clear that some error would occur. The stronger the
associations among sets of conditions, the larger would be the expected error.

Figure 18 indicates that the associations of cerebrovascular diseases with diabetes and hypertension yield
observed/expected ratios 5.0 times higher than under independence, a big number. The next largest ratio (4.3)
occurs for combinations of cerebrovascular diseases with atherosclerosis and hypertension, with the third
largest (3.6) for combinations of cerebrovascular diseases with diabetes and atherosclerosis. Moreover, every
single one of the associations shown in this figure has ratios significantly above 1.0.

Figure 19 displays the 14 top-ranked associations of diabetes with the other 14 conditions. All of the
observed/expected ratios are significantly above 1.0. Figure 20 provides the corresponding results for
hypertension, and Figure 21 does the same for atherosclerosis. The combination of diabetes, hypertension, and
atherosclerosis has observed/expected ratios 4.4 times larger than expected under independence. Figure 22
provides corresponding results for the association of nephritis/nephrosis with the other 14 conditions. The
results indicate that nephritis/nephrosis is associated with pneumonia/influenza and septicemia (3.9 ratio), and
chronic liver disease and septicemia (3.8 ratio). Those appear to be very different mechanisms than the
hypertension, cerebrovascular diseases, diabetes mechanism. The third-ranked association in Figure 22 (3.5
ratio), however, combines nephritis/nephrosis and septicemia with diabetes, indicating that the mechanisms
may be linked through diabetes.
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Discussion and Conclusion

Figure 23.

Summary of Results

Declines in mortality rates 1980-1998 were not
distributed evenly over the 15 disease categories
of underlying and multiple causes of death.

—~ Major declines were seen for heart diseases and
cerebrovascular diseases;

— Malignant neoplasms reached a peak in the early
1990s and have begun to decline since that time;

= Increased mortality rates were seen for chronic
obstructive pulmonary diseases, diabetes mellitus,
Alzheimer's disease, nephritis/nephrosis,
seplicemia, hypertension, and residual causes,

Figure 23 summarizes the temporal changes for the period 1980-1998 reported in the NAAJ paper
referenced earlier. Declines in death rates were not distributed evenly over the 15 causes of death. Large
declines were observed for diseases of the heart and cerebrovascular diseases; cancer death rates went up and
then came back down; and increased death rates were observed for seven conditions: chronic obstructive
pulmonary diseases, diabetes mellitus, Alzheimer’s disease, nephritis/nephrosis, septicemia, hypertension, and
residual causes.
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Summary of Resulits

Diseases play different roles in mortality process

— Infectious diseases
* Septicemia follows nephritis/nephrosis, chronic liver
diseases, and diabetes mellitus
* Pneomoniafinfleenza follows chronic obstructive
pulmonary diseases and nephntis/nephrosis
— Contributory role as background risk factors

* Hypenension, diabetes mellitus, and atherosclerosis with
each other and with cerebrovascular diseases and heart
diseases

Figure 24 addresses the question: If diseases are not independent, then how does one interpret the
associations? Two examples are provided, one for infectious diseases (where an infectious disease occurs as a
consequence of another disease), and the second for diseases that serve contributory roles as background
factors (which is a role that hypertension, diabetes, and atherosclerosis may serve in terms of their associations
with cerebrovascular diseases and diseases of the heart). These examples are consistent with the format of the
cause of death listings on Parts I and II of the death certificate.

Several comments can be made. I began working with multiple-cause-of-death mortality data 30 years
ago, in 1973. I believe ours was the first nongovernmental research center to have access to the ACME files
containing the 1.9 million records for all deaths in the United States in 1969. The challenge at that time was
just to tabulate these data on the computer; they were so massive, computing resources so limited, and
mainframe time so expensive. In preparing the NAAJ paper, I did an extensive literature search thinking that
there ought to be thousands of articles on multiple-cause mortality. I was surprised how few articles had been
written. Two reasons were offered to explain why so few analyses of multiple-cause mortality had been done:

(1) If the goal is to forecast total death counts or death rates, the argument was

made that one could ignore causes of death, and related risk factors and lifestyle

behaviors, because they are unnecessary. This argument was stated in the

context of underlying causes of death; an even stronger argument could be made

for ignoring multiple causes of death.

(2) Even if it was important to consider cause-of-death information, the multiple-

cause-of-death data are so complex that it was not clear how one should proceed

in analyzing and interpreting those data.

On the other hand, if the goal is to expand the scope of existing forecasting models to include population
health status, then the multiple-cause mortality data should be of great value because these data provide unique
information on end points of complex lifelong morbidity/mortality processes.

To understand the dynamics of such processes, one could integrate information from multiple-cause
mortality data with relevant morbidity data, for example, from the National Health Interview Survey (NHIS),
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the Health and Retirement Survey (HRS), or the National Long Term Care Survey (NLTCS). Each of these
surveys collects health and morbidity information on living people. For example, the NLTCS collects health
and disability data for a longitudinally followed sample of elderly Medicare enrollees. The NLTCS data are
linked to Medicare billing records containing information on medical diagnoses and treatment procedures.
Steps are underway to link the NLTCS to national multiple-cause-of-death mortality files. Similar mortality
linkages have already been created for the NHIS (for persons interviewed in 1986-1994). As these and similar
data sources and linkages are further developed, increasing amounts and additional types of information will
be accessible for use in integrated models that can more accurately describe lifelong morbidity/mortality
processes.

Such integrated models should provide understandable and coherent explanations of disease associations
represented by observed/expected ratios of combinations of multiple-cause conditions that occur at levels one,
two, three, four, or even five times larger than expected under the independence assumption. Moreover, such
models should be structured to accommodate the reporting errors known to occur among the multiple-cause
conditions reported on the death certificate. Creating such integrated models will be a major challenge for
demographers, epidemiologists, gerontologists, statisticians, and actuaries. The research problems will be new
and the progress will be exciting. The work, however, will not be simple.

Thank you.
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