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ABSTRACT
The Problem: The AIDS Case Reporting Surveillance System (ACRSS) is a passive
surveillance system that was initiated in 1982. It is used to follow the health impact
of HIV in the population at large and to determine HIV prevalence through back-
calculation. An assessment of the proportion of all AIDS cases reported out of all
AIDS cases diagnosed (ie reporting completeness) was required as part of the
evaluation of this surveillance system.
Methods: A number of secondary data sources were considered; the use of death
certificate data from the Canadian Mortality Data Base (CMDB) was chosen by a
process of elimination. The limited number of overlapping personal identifiers, such
as the absence of names on all and the absence of initials (in Quebec) on some
ACRSS files, and the size of the mortality database necessitated the use of
computerized record linkage. ACRSS data up to September 1994 and CMDB data
up to the end of 1992 were utilized for this linkage. As the CMDB also does not
have complete ascertainment of all AIDS cases, capture-recapture methods were used
to calculate reporting completeness. Reporting completeness was calculated with
respect to all reports, by gender, by province of residence, by year of death, and by
size of community at death. Comparison of reporting completeness of different
cohorts of certified AIDS deaths over time allowed assessment of underreporting by
controlling for reporting delay. One, two, three, and five year non-reports rates were
calculated to allow comparison with results from the UK.

Results: Reporting completeness of ACRSS was about 85% (sensitivity analysis placed
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it between 84.1% and 86.5%). Reporting completeness was higher for males (86%) than
for females (76%), this gender difference is more marked outside the province of Quebec.
Ontario and Alberta had the highest rates of reporting completeness while Quebec, P.E.L,
and New Brunswick had the lowest. Decreases in reporting completeness in the most
recent years may be due to reporting delay. Reporting completeness was lower in those
residing in smaller communities at the time of death. Stratification by residence in
province of Quebec or in the rest of Canada indicated that failure to report in Quebec is a
problem independent of failure to hnk due to missing initials in ACRSS since November
1990.  Cumulative death cohort analysis indicated an increase in underreporting at 5
years by 0.4 to 0.7% per year. One, two, three, and five year non-report rates were
approximately 28%, 15%, 8%, and 5% in the late 1980s. The one year rates are in the
same range as those found in the UK.
Conclusion: Reporting completeness to the AIDS Case Reporting Surveillance System is
about 85% which compares well with that seen in other countries. Reporting
completeness is lower for females than males. Reporting completeness varies by province
with Quebec, P.E L, and New Brunswick having the lowest rates of reporting. Alberta
and Ontario have the highest rates of reporting. Reporting is less complete in those that
die in smaller communities. Reporting completeness decreased slightly during the 1980s.
The most important finding is the trend to increased underreporting with time. Future
validations of reporting completeness will become more difficult in Quebec due to the
lack of initials on their dataset. The causes of incomplete reporting will only be

elucidated with qualitative investigation.
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1. INTRODUCTION

1.1. AIDS in Canada

Acquired immunodeficiency syndrome (AIDS) was first recognized following a
cluster of cases of Pneumocystis carinii pneumonia (PCP) in gay men in the U.S.
in 1981. The first case in Canada was reported in February 1982'. Further
investigation led to the understanding that this disease was due to a
transmissible agent, now known as the human immunodeficiency virus (HIV).
This viral infection most commonly presents as an opportunistic infection or a
neoplasm due to an increasing impairment of the immune system following a
latent period of variable length. The terminal symptomatic period of HIV

infection is known as AIDS.

The rate of increase of AIDS was most rapid in the early 1980s. This increase
slowed in the latter part of the past decade but delays in reporting of cases tend
to underestimate the true prevalence. In 1995 it was estimated that there were
approximately 45,000 people with HIV infection in Canada®. As of April 1995
11,192 AIDS cases had been reported in Canada of which 7,880 were known to
be deceased. Annual deaths from AIDS exceeded 1,300 in 1992. Four
provinces have accounted for 95% of all AIDS cases: Ontario, Quebec, B.C.,
and Alberta. Mortality rates are high for men in these four provinces compared
to the Canadian average. The rate for women is elevated only in Quebec

compared to all others.
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Risk groups for reported aduit AIDS cases have obvious gender differences. In
males the largest risk category is men who have sex with men (MSM) which
includes homosexuals and bisexuals. This group accounts for 76% of all male
AIDS cases. This risk factor partially explains the male:female disparity with the
disease with 94% of cases occurring in males. Heterosexual contact is
responsible for 9% of cases in males, 5% being due to sexual contact with a
person at risk and 4% being due to origin in a Pattern Il country. A Pattern Ii
country is one in which heterosexual transmission is the predominant means of
transmission. IDUs (intravenous drug users) account for 4% of male AIDS cases
while IDUs who also belong to the MSM risk group account for 4%. In females

heterosexual contact is responsible for 63% of all cases, IDU for 15%.

Most adult AIDS cases are in the 30 to 39 year old age range followed by the 40
to 49 year old in males and the 20 to 29 year old in females. About haif of all
AIDS cases present with PCP; KS and candidiasis are the next most common
presenting illnesses although KS is rarely seen in women. Only 116 pediatric
AIDS cases (<15 years of age) had been reported as of April 1995, 71% of these
being due to perinatal transmission. Pediatric cases make up 1.1% of all

reported AIDS cases in Canada.



The AIDS Case Reporting Surveillance System (ACRSS) was initiated in 1982.
AIDS became a reportable disease in all provinces and territories between 1983
and 1988.3 HIV, in the absence of an AIDS defining illness, is not a reportable
disease in British Columbia, Alberta, or Quebec. The national AIDS surveillance
system involves the passive collection of provincial and territorial AIDS data,
analysis of this data, and dissemination of the resuiting information through
quarterly reports. The primary énalysis describes the epidemiology of AIDS
(demography, risk factors for HIV infection, pattems of AIDS defining ilinesses,

survival trends, and temporal trends).

The health information derived from the ACRSS database has many uses. It is
" used to follow the health impact of HIV infection in the population at large by
enumerating the most severe and definitive stage of HIV infection. Back-
calculation to determine HIV prevalence complements HIV sero-prevalence
surveys. This information is also useful for the development of policies on

disease prevention and utilization of health care resources.

The ACRSS report form contains over 120 variables. These include patients’
initials, date of birth, vital status, country of birth, date of death, and location at
the time of diagnosis. Patients’ initials have not been provided by the province

of Quebec since November 1990. To be eligible for the database, a person
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must have at least one of the AIDS defining ilinesses.* To confirm eligibility for
the database, these are listed as are the diagnostic methods. There is a section
on risk behaviours associated with HIV transmission in an attempt to identify the
mode of transmission. Finally, there are items related to laboratory data, TB and
AIDS co-infection, and identification of the person completing the form (in case

clarification is needed).

Data are collected by attending .physicians and local health departments, then
forwarded to provincialfterritorial health authorities. Reports may be either an
initial report or an update, the latter most commonly at the time of death. Note
that this is a passive system of surveillance. Provinces other than Quebec or
Ontario forward the data in hard copy to the Bureau of HIV/AIDS and STDs at

" LCDC, the latter two send in data by modem. The master AIDS database is then
converted to SAS to allow analysis and dissemination of information. A
Quarterly Surveillance Update is mailed to interested individuals and
organizations every 3 months. It is also available through fax downloads
(Faxlink) and will be posted on the LCDC, Health Canada Web site.

As with any surveillance system, it is important to maintain the quality of the
data. Some variable fields are poorly completed but AIDS defining iliness,
diagnostic method, provincial ID number, and source are mandatory.

Completing missing fields is mainly done at the local level. It is difficult to check
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data validity; chart reviews are not routinely performed. Duplicate reports, due
to interprovincial migration and duplicate reporting are minimized by comparing
initials, date of birth, and sex of all new cases with existing files at the national
and local level. Statistics Canada has also helped to clean out duplicates by

doing one-file intemal linkages.

Since the first report of PCP in gay men in 1981 there have been changes in the
case definition reflecting improv.ed understanding of the disease. There have
been four different case definitions; starting in 1982, and refined in 1985 and
1987. The most recent revision was in 1993 when pulmonary tuberculosis,
invasive cervical cancer, and recurrent bacterial pneumonia were added as
AIDS-defining diagnoses. Changes in the reporting criteria have been

* historically demonstrated to increase the number of AIDS-defining illnesses.
The changes in 1987 increased the number of reported cases by 14.8% in
Canada and 30.5% in the U.S.5 There has been no systematic attempt to
identify cases retrospectively. Specifically, a search for AIDS cases that did not

meet the surveillance case definition in the past has not been done.



Data validation of a surveillance system involves assessment of reporting

completeness, internal data validation, and external data validation. As a part

of the evaluation of this surveillance system, it was determined that an estimate

of the proportion of all AIDS cases reported would be calculated for Canada. To

perform this calculation the three following types of failure to report need to be

considered:

1. All AIDS cases known tc; be AIDS but which will never be reportéd to
ACRSS. This is known as underreporting.

2. All AIDS cases known to be AIDS but not yet reported to ACRSS but
will eventually be reported. This is known as reporting delay.

3. All AIDS cases not known to be AIDS (dead or alive). This is known as
underdiagnosis.

Another term used is "reporting completeness" which most often refers to

underreporting and reporting delay combined but often refers to the former

alone. The lack of a standard definition of reporting delay/reporting

incompleteness confuses the issue further.

At any point in time it is not possible to tell if an unreported case is delayed or
withheld (underreported). There is no agreement conceming the period of time
beyond which reporting delay becomes reporting incompleteness. Clearly it

should not be infinite as the value of the information declines steadily with time
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regardiess of the role of the surveillance system.

This problem has been somewhat clarified by Evans who divided failure to report
into delayed reporting and non-reporting®. The definitions proposed by Evans
have been used in at least two studies in the U.K. These studies have been
valuable because they made practical comparisons of reporting completeness
possible.”.® In the absence of a standard definition, one is faced with
uninterpretable proportions. Fdr example, a finding of 10% reporting
incompleteness does not clarify how long the system was waiting for the case
reports: 6 days, 6 weeks, 6 months, 6 years? For each time frame the

implications are different.

There are two other reasons that AIDS cases will not appear on a national
registry which are not insignificant but will usually not be inciuded in an
assessment of failure to report: the underdiagnosis (or underrecognition) of
AIDS as mentioned earlier and severe HIV disease that does not meet the case
definition. Failure to make the diagnosis of AIDS has been recognized in
autopsy, pathology and chart review studies.® This is not unexpected as AIDS
in Canada is still a relatively rare disease, particularly in some geographic areas
and among some populations, such as women. Because cases of AIDS which
are not diagnosed will not appear on other data sources in general, this cause of

failure to report cannot be included in most validations of AIDS case surveillance
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systems. Secondly, aimost 6% of persons with HIV infection will never develop
an AIDS-defining iliness but will die, nonetheless, of another iliness secondary
to their immunosuppression.”® This has become less of a problem as the case
definition has been broadened over the years. 'However, for calculation of
reporting completeness, this may be a problem when the secondary data source
identifies as "AIDS" a case of severe HIV associated illness which does not meet
the case definition for AIDS. For example, if mortality records are used as the
alternate data source, some deaths will be classified as HIV/AIDS but they will
not appear on the AIDS register. An apparent increase in incomplete reporting
will occur when the two records are compared if the mortality record includes as
“"AIDS" ilinesses which do not meet the case definition. The source of this error

is the use of two different definitions of severe HIV associated iliness.

With these definitions in mind, it should be noted that there are a number of

possible reasons for underreporting. These include:

1. There is concern among physicians about the confidentiality and privacy
of data held by public health surveillance systems. Since AIDS cases are
reported to the same agencies which are responsible for contact tracing
(which many patients want to avoid), there is considerable resistance to
reporting among patients, if not physicians. Cases not reported until after
death may reflect this concemn.

2. Physicians may dislike the administrative bother of filling out a reporting



form.

3. There is unawareness on the part of some physicians of the need to
notify, unclear communication channels between physicians and healith
departments, inadequate feedback to physicians by health departments,
and practical problems such as delays in providing reporting forms.*!

4. A U.S. study Iookiﬁg at AIDS reporting under ideal circumstances of well
motivated physicians showed a 9.5% underreporting rate, virtually all of it

inadvertent.1?

Underreporting rates vary widely by geographic area. In addition, it appears that
active surveillance systems have much better compliance with reporting than
passive systems such as we have in Canada. Underreporting is typically at 10

" to 15% in areas with active surveillance and roughly twice that level in locations
with passive surveillance.®

N

™~
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2. LITERATURE REVIEW
MEDLINE was searched from 1982 to March 1996. Search terms used were
(report:) as a text word and "AIDS" and "population surveillance" as MeSH
terms. This was supplemented by a manual review of the Journal of AIDS,
AIDS, and the American Journal of Public Health from April 1995 to February
1996. Further references were obtained with the help of the professional
librarians at the LCDC library by a search of AIDSLINE. The references of
articles obtained were reviewed to obtain any studies missed in the above
search strategies. Additional references were found in the files provided by Dr.
Maura Ricketts.
Underreporting of AIDS cases to surveillance systems is a significant problem
" worldwide. European estimates in 1988 varied from 0 to 20%." In the U.S.,
which has an active suweillgnw system, the proportion unreported for the same
year was estimated to be 8‘;6.‘5 The published studies investigating
underreporting to ACRSS in Canada are discussed below. There have also
been calculations of reporting delay and reporting incompleteness done by the
Division of HIV/AIDS at LCDC.

A CMAJ article in 1988 by Losos et al noted that the reporting delay followed a
right skewed distribution with a median reporting delay of 1.6 months in 1985-

87.'° No estimation of reporting completeness was made. A Royal Society of
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Canada paper by Welis et al in the same year noted that the reporting delay
curve in Canada was skewed to the right with only 3 to 5% of all cases being
reported after a delay of over 14 months for the years 1984-87.7 No correlation
was found between the date of the report and duration of reporting delay.

Johnson et al in a 1989 article used death certificates to investigate reporting
completeness.” These authors looked at a 3 year period of time from 1985 to
1987 at which time 40% of all réported AIDS cases in Canada were notified from
Ontario. They selected all deaths for the same period of time coded specifically
for AIDS as an immediate or underlying cause; case-defining illnesses were not
included. it appears that no time lag was allowed for death to occur from the
time of diagnosis nor was there an allowance for administrative delays. Manual
matching was done using first and last initials, date of birth, sex, and the
regional municipality or county of residence. Completeness was calculated by
dividing the number of deceased reported tases of AIDS by the total number of
death certificate cases for each of the three years. Death certificate cases were
only matched to those listed as dead in the AIDS reporting system. Overall
completeness of AIDS reporting was 75.2%. PCP, pneumonia unspecified, and
KS were the most common causes of death. The authors noted that this was
only an estimate of completeness of AIDS reporting because cases who died in
a certain year may have been reported in a previous year. On that basis, the

calculated reporting completeness seems surprisingly high.
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A 1990 study by Calzavara et al looked at the reporting completeness of AIDS
among members of two cohorts in Canada.® These were the Toronto Sexual
Contact Study (TSCS) in Ontario and the Vancouver Lymphadenopathy-AIDS
Study (VLAS) in B.C. Both study groups sent initials, date of birth, and city of
residence of patients with AIDS and others without AIDS to the Federal Centre
for AIDS (now known as the Division of HIV/AIDS Epidemiology within LCDC).
The Federal Centre for AIDS (FCA) was not aware of the clinical status of these
people. All cases diagnosed in the three months before the date of the linkage
were excluded to allow for delay in reporting, this time period being consistent
with the median time lag in reporting at that time. VLAS sent information on 961
people, 382 of whom were seronegative. TSCS sent information on 210 people,
29 of whom were seropositive without AIDS. A manual record linkage was
performed. No linkages were made to the 382 seronegative subjects in the
VLAS or to the 29 seropositive subjects without AIDS in the TSCS. This
demonstrated the accuracy of record linkage with only these three fields (initials,
date of birth, and city of residence). The proportion of AIDS not reported was
12% for VLAS and 18% for TSCS. [t was noted that underreporting from the
TSCS increased from 0% in 1983-84 to 44% in 1987-88 while underreporting
remained stable from the VLAS. The authors did not feel that reporting delay
was a factor in this increase in underreporting as the most recently reported
case to FCA had been diagnosed 10 months before the linkage was done. It is

not clear to me how this precludes this possibility however.
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Remis and Paimer in 1991 calculated survival among adult AIDS cases after
diagnosis using Kaplan-Meier techniques.'® Using the survival distribution
stratified by time of diagnosis to AIDS case reports they estimated AIDS
mortality after correcting for reporting delays. These resuits were compared to
death certificate based mortality statistics for 1987 and 1988. The authors
concluded that AIDS case reporting was relatively complete in Quebec. As the
analysis was based on aggregate data with no case by case matching, the
possibility of error in this study éeems quite high as the extent of overlap is
unknown. It is not known if those that died based on death certificates were
those who were modelied to die based on estimates of reporting delay and

survival.

In a 1992 study by Ricketts, all death certificates coded as AIDS (279.1, 042,
043, 044) were pulled and matched manually using sex, initials, date of birth,
and date of death.?® Sex had to match before records were compared (blocked
on sex). An exact match occurred if the initials, date of birth, and date of death
were identical. A "probable” match occurred if initials, month and year of birth,
and date of death agreed or if last initial and date of birth and date of death
agreed. Geography was not used to link. Reporting completeness was
calculated to be 86% using capture-recapture calculations. There were definite
limitations to this study. The extent of coding of AIDS deaths under other codes

was unknown and geographical information was not used to link. More
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significantly, Statistics Canada would not allow the collection of any
demographic information from death certificates that did not link to the ACRSS
file. Therefore, reporting completeness by gender, by province, by year of
death, and by community size at death could not be calculated.

Calculations of reporting delay have been done on a regular basis by the
Division of HIV/AIDS at LCDC.?* For ACRSS, the median delay for the reporting
of cases is approximately 9 ms with a right skewed distribution. Le$s than
60% of cases are reported within one year. This analysis was based on the
9,894 aduit AIDS cases reported to LCDC by June 30, 1994. The situation is
quite different in the U.S. where one study showed 82% reporting within 5

months to the state level.'®

Le et al in 1994 reported on a manual record linkage between the BC AIDS
Registry and 1000 members of the Vancouver Lymphadenopathy-AlDS Study
cohort.? Underreporting rates were 10, 5, 14, 12, 12, and 16% for the years
1987 to 1992 respectively (12% overall). No significant trend was seen with
date of diagnosis nor were there differences between reported and unreported
cases in terms of AIDS-defining iliness or socio-demographic characteristics.
The authors did not comment on the possibility that reporting delay may have
increased the latter year results. They suggested that underreporting was

probably higher elsewhere as this cohort of patients is looked after by a group of
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family practitioners with considerable experience with AIDS.

An enumeration of known HIV paositive women was conducted between
September 1993 and May 1994 by Calzavera et al through contact with
physicians, HIV clinics, and community organizations.? In February 1995 a
computerized record linkage was done between ACRSS and the 183 of the 687
HIV positive women who had AIDS-defining ilinesses. Fewer than 50% of the
women were found in ACRSS. As median reporting delay is 9 months, it would
appear that much of this underreporting was due to reporting delay. Another
limitation in this study was the lack of validation of the AIDS diagnosis in this

population.

In summary, there have been a number of regional and cohort studies of AIDS
reporting completeness in Canada. The results of these studies cannot be
generalized to the entire country. Some of these studies in retrospect have
significant design flaws which would be expected in a rapidly evolving area such
as this. The only national picture in the past was provided by the Ricketts study
in 1992. This study was limited by its restriction to causes of death that were
coded as AIDS and by the inability to calculate reporting completeness by

demographic variables such as gender or province of residence.
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3. AIMS AND OBJECTIVES
The aim of this study was to provide a comprehensive validation of reporting
completeness on a national basis of the AIDS Case Reporting Surveillance

System using an external data source.

The objectives of this study were as follows:

1. To determine the level of reporting completeness to ACRSS nationally,
by gender, by province of residence, by year of death, and by cornmunity
size at death.

2. To estimate the level of underreporting using cumulative death cohorts.

3. To estimate one, two, three, and five year non-report rates.
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4. METHODS

4.1 Definitions

For this paper, the following definitions will be used:

1. Underreporting will be defined as the failure to ever report a diagnosed
case of AIDS.

2 Reporting delay is defined as the time period between the diagnosis of
AIDS and the receipt of case information by the surveillance system.

3.  Reporting completeness will refer to the proportion of AIDS cases
reported out of all AIDS cases diagnosed. Those cases not reported will
include those that are due to underreporting and reporting delay. It will
not include cases of underdiagnosis.

O suggest that the expected period for reporting, describing the most reasonable

time before "delay” can be said to occur, should be based on three factors:

1. The administrative time required for the information to pass from
physician to the federal level of govemment.

2. The time at which the overall purpose of the surveillance system is
compromised.

3. The time at which further reporting is unlikely.

These three factors will be discussed below.

1. Evans argues that the administrative time required (ie doctor's office to
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Health Canada) to obtain AIDS reports should not take more than three
months. The fact that a minority of cases of AIDS are now reported within
a three month period may be due to the unique sociopolitical nature of
AIDS (compared to all the other reportable diseases). Specifically, public
knowledge of a person having AIDS can have a much more severe impact
on that person than public knowledge of a person's Salmonella infection.
Although the level of reporting of other communicable diseases tends to
be lower than for AIDS, @porting of other diseases is relatively grompt.
Therefore, one can argue that three months should be the initial limit after
which a case can be said to be "reporting delayed”. While Evans refers
to reporting before the three month limit as "prompt reporting”, the use of

this term has not been found elsewhere in the literature.

As noted previously, one of the purposes of the ACRSS database is to
follow trends in HIV infection in the population at large to assist in the
development of policies on disease prevention and utilization of health
care resources. AIDS data are particularly useful because
seroprevalence surveys do not cover the entire population and AIDS data
tends to be less biased. A disadvantage is that the median incubation
period between HIV seroconversion and the development of AIDS is over
10 years.* Reporting delay adds to this limitation of AIDS surveillance.

For example, detection of an increased occurrence of AIDS in a
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population subgroup is much less useful after 5 years than one year and
is probably of only historical importance after 10 years. Evans suggests
that delayed reporting be defined as case reports which arrive between
three and 12 months after diagnosis. Evans goes on to define non-
reporting as all cases that are reported more than 12 months after
diagnosis. Although cases reported more than one year after diagnosis
are less useful for the purpose of surveillance, the value of a reported
case does not drop precipitously to zero. The value gradually declines
with time. Therefore, | suggest two, three, five, and 10 year non-reporting
rates would be good indicators of the efficiency of the surveillance

system.

It appears that many AIDS cases are not reported until after death. A 10
year cutpoint would be useful as reporting after that time period would not
be likely as survival times of over 10 years are very unusual. As a result,
the 10 year non-reporting rate may be the closest approximation to the ill-
defined reporting incompleteness (ie underreporting) found in some
studies (underreporting being a diagnosis that can only be made in

retrospect).
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4.2. Validation by a Secondary Data Source
Evaluation of underreporting in a surveillance system requires the presence of
an independent secondary data source. This can be difficult for active
surveillance systems as muitiple sources of information are often used in the
compilation and independent sources may not exist. For passive surveillance
systems such as ACRSS, independence is less of a problem. Possible alternate
sources of information are listed below:
1. Registries of reportable diseases that are AIDS-defining ilinesses
2. Cancer registries for neoplasms associated with AIDS such as
Kaposi's sarcoma and non-Hodgkins's lymphoma
Hospital discharge data
Health insurance databases
AIDS support group records
Physician charts and clinic records

N o o0 » W

Vital statistics registries (mortality database)
The limitations and advantages of each will be discussed below.

Few reportable diseases are AIDS-defining illnesses. An exception is
tuberculosis; however only 4.8% of all AIDS cases in Canada are
reported to have co-infection with TB.>® More common infectious
diseases associated with AIDS such as Pneumocystis carinii pneumonia

(PCP) infections are not reportable diseases, making these unsuitable
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sources of data.

Certain neoplastic conditions in combination with HIV infection are
diagnostic of AIDS and should be reported to provincial cancer registries.
The two most common neoplasms in AIDS are Kaposi's sarcoma (KS) and
non-Hodgkin's lymphoma (NHL). Kaposi's sarcoma is becoming less
common as a complication of AIDS. However, it is listed as a risk factor
in 21% of AIDS cases overall and these are clustered in men who have
sex with men. The majority of NHL reports are not associated with AIDS
and only 5% of people with AIDS in Canada have this disease listed as an
AIDS defining iliness.!

Hospital disct ot

Hospital discharge data are reported to the Canadian Institute for Heaith
Information (CIHI) in an aggregate form. Each report is a hospital
separation and may include diagnoses but will not include personal
identifiers which would allow one to count cases. The same person can
be admitted to hospital several times; each interaction with the hospital
will be counted as a separation. This will be recorded similarly to several
persons admitted once to hospital with AIDS. The reason for admission
can also be obscured. Finally, not all patients with AIDS are admitted to

hospital, hence there will be no record. The increased management of
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AIDS patients on an out-patient basis may limit the usefulness of this data
source.”
Health insurance databases
Provincial health insurance databases could potentially provide ideal
alternate data sources as they would capture both inpatient and
outpatient activity. Unfortunately, the quality of diagnostic information is
notably poor and accessibility is very restricted in general.
AIDS support group records
Another possible source of information would be through community
based organizations such as AIDS support groups. These are present in
large urban centres and provide assistance to those with HIV infection
and AIDS. The disadvantage is that these centres often serve cause-
specific groups such as those with transfusion-related disease or
members of the gay population. There is also considerable resistance to
cooperate with health authorities from many of these groups, particularly
in providing personal identifiers. Case definition is also a problem as
these groups do not verify the claimed health status of their clientele.
Physician chart | clini I
Comparison with physician and clinic records could be done on an
individual basis but with an estimated 16,000 AIDS cases diagnosed in
Canada to date, this would be very time consuming. Most physician and

clinic records in this country are not computerized other than for billing
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purposes. Local clinical databases such as the Vancouver
Lymphadenopathy-AIDS Study cohort in B.C. can estimate reporting
completeness regionally but the results will not be generalizable to

Canada.

Mortality databases in developed countries are generally well established
databases containing death certificates for all deceased residents. As
this database was chosen through a process of exclusion, the advantages
and disadvantages of using a mortality database is discussed in the next

section.

In summary, seven altemative secondary data sources have been considered for
validation of the AIDS Case Reporting Surveillance System. The disadvantages
of these alternate data sources include incomplete listing of the majority of
people with AIDS, poor quality information (eg. bias in collection), and limited
access to the information. As a result, death certificates were chosen to validate
the reporting completeness of ACRSS. The advantages and limitations of the

use of death certificates are discussed in detail in the following section.



The main advantage of this type of database is that all persons with AIDS die

with a median survival of less than 2 years, hence are quickly captured in the

mortality database. The CMDB has no significant problem with reporting delay

or completeness for deaths occurring in Canada. Cases of death are generally

always reported within three months. A two year delay is required to allow for

electronic data entering. Therefore, the most recent available CMDB file was

from 1992 for this study. Although mortality databases are believed to capture

virtually all deaths that occur within a country, they do have limitations which will

be discussed below:

1.

Not all persons with HIV or AIDS die from AIDS. Intercedent events such
as trauma and other diseases can be expected to lead to death.
Accidental cause of death should not be uncommon as expected in this
younger age group where HIV infection is more prevalent. High rates of
suicide were found in one U.S. study?’, another found that suicide was the
cause of death as certified by death certificate in only 0.3% of AIDS
patients on a register.?® Drug abuse was given as the cause of death in
1.3% of all cases of AIDS and total deaths due to causes unrelated to HIV
were less than 3% overall in the same study.

Not all deaths from AIDS are coded as AIDS on the death certificate. The
cause of death given may be one of the opportunistic infections or

neoplasms which occur secondary to AIDS without reference to the HIV
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infection.
AIDS may be given as an antecedent or associated cause. In Canada
only the underlying cause of death is entered into the computer database.
The immediate cause of death is listed in Part | on the death certificate
followed by conditions which preceded and contributed to the immediate
cause of death. These are known as antecedent causes. The underlying
cause of death should be listed last. Nosologists follow rules established
by the WHO published ir; the ICD-9 ACME decision tables produted by
the National Centre for Health Statistics?®. The antecedent cause will be
given as the underlying cause of death provided that it is listed in the
causal pathway leading to the immediate cause of death. If an error in
coding is made, the antecedent cause may not be listed as the underlying
cause of death and will not appear in the electronic format. HIV/AIDS
may be listed in Part Il of the death certificate for associated conditions
which refers to conditions which contribute to the death but are not
causally related to the immediate cause of death. In this event, HIV/AIDS
will not be listed as the underlying cause of death.
Physicians may purposefully complete certificates inaccurately. While
death certificates are not public documents in Canada and are therefore
not accessible without appropriate authorization, there may nonetheless
be reluctance to report diseases with social stigma. The death certificate

is seen by a select group of people in any community and there may be
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reluctance to allow access to even this group. This reluctance to certify
AIDS deaths may be extended to a reluctance to report AIDS cases to
surveillance systems. The literature is contradictory and scarce. One
U.S. study showed that those with HIV/AIDS noted on their death
certificate were aiso more likely to be in the AIDS registry.*® However, a
study from the UK demonstrated a negative correlation between death
certification and notification of AIDS.>!

Physicians may completé death certificates inaccurately due to a‘ack of
understanding of the form. In general, they receive no instruction on the
proper completion of death certificates. Hence, causes of death such as
“cardiac arrest” or "respiratory failure” are commonly seen. As these
events are common to all deaths, they do not provide new or useful
information.

Ontario has used information from the mortality database to identify
previously unreported AIDS cases. This means that the two databases
are not independent in Ontario. The death certificate does not contain
sufficient information to complete a report form. Up to 25% of all AIDS
reports in Ontario in the past have followed identification of a non-
reported AIDS case from death certificates. The majority of these cases
meet the case definition required by ACRSS.* The cases that were
identified post-mortem can be flagged but one can only estimate the

number that would have been eventually reported as lengthy reporting
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delays are not uncommon in Canada.
Deaths outside of Canada may contribute to the absence of a death
certificate. Most, but not all, American states will forward reports of death
of Canadian citizens within their boundaries to Canadian authorities. No
such practice is noted from any other country in the world.
Lists of AIDS cases in mortality databases are biased towards cases that
occurred earfier in the epidemic and perhaps cases that are more severe
(as one has to die to get on the dafabase). Death certificates aliow the
validation of reporting among persons with AIDS who are aiso dead, not
among those living with the disease. Those who were infected early in
the epidemic are more likely to be dead as are those with more severe
disease. This death bias is a form of selection bias.
Reporting completeness to the AIDS surveillance system for the diagnosis
of AIDS may be relatively complete but may be quite incomplete for
notification of death. That is, the physician may report upon diagnosis of
AIDS but not inform the surveillance system of the patient's death. This
bias must be considered carefully to ensure that one is measuring
underreporting of AIDS and not underreporting of deaths due to AIDS. As
aresult, it is necessary at times to match death certificates to people
listed in the AIDS report system as living.
Insufficient supplementary personal identifier information on the two

databases can make a link difficult. This leads to overestimation of
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underreporting resulting from a failure to link, a form of misclassification
bias.

AIDS on the death certificate may not meet the case definition required by
the surveillance system. This was more likely to be a problem with the
earlier case definitions. For example, puimonary TB was not listed as an
AlDS-defining illness prior to 1993. Therefore, an HIV positive person
who died of pulmonary TB in 1990 may be considered to have died of
AIDS by the physician. However, as this person with HIV did not-meet the
surveillance case definition at the time, the physician could not report this

as a case of AIDS to ACRSS.
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4.4, Capture-recapture
As discussed previously, the Canadian Mortality Database remains the best
secondary data source for assessing ACRSS reporting completeness at a
national level. The CMDB does not capture all AIDS cases. There are two
methods to consider in estimating the reporting delay/completeness of AIDS in
Canada. One could find all the cases which are missing from the ACRSS
database but which are present in the CMDB and add them to the denominator.
This would be inadequate as the CMDB is incomplete. The second method
must be considered in the presence of two incomplete sources of data and no
gold standard. Capture-recapture techniques, as the name suggests, were first
developed by ecologists in the last century who were attempting to estimate the
numbers of various species in the wild. This situation, with incomplete data, has
- been a problem as well in demography in underdeveloped countries and in

measuring elusive populations such as the homeless.

The fish in the lake example is often used to describe this technique. To
estimate the number of trout in a lake a net would be dropped in the lake, some
trout caught, counted and tagged, and released back into the lake. After
allowing time for dispersal and mixing, the net would be thrown in a second time
and again the number of trout caught would be counted, noting those which had
been tagged from the first catch. The total number of trout in the lake could then

be estimated based on the number of fish caught with the net each time and the
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number that were caught twice. Intuitively, if nearly all the fish caught in the net
the second time are tagged, it would be reasonable to conclude that there are
not many other fish out there. If very few tagged fish appear in the second net,
the population estimate will be much higher.

This method does require some assumptions™. Probably the most important
assumption is that the two samples are independent. The chance of a trout
being caught in the net the second time should be statistically independent of its
chance of getting caught the first time. Lack of independence can be positive or
negative and is known in ecology as "trap fascination" and "trap avoidance".
The interaction with the net the first time could change the manner in which the
fish reacts to seeing a net the second time. It may be that only slower or less

‘ intelligent fish are caught by the net. This could be considered the Achilles heel
of capture-recapture. This has led to the development of multiple-record (k>2)
methods for estimation of population size such as the use of Bernoulli census or

log-linear methods.

A second assumption is that the population is a closed one. This is virtually
never the case with biological systems as fish will be born and die and it is also
a problem in epidemiology. Time limitations must be set around the times that

the two nets can be cast, so that this assumption is nearly satisfied.
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A third assumption is that individual identifiers should not be lost or overlooked.
In the case of the trout, this would mean that the tags do not fall off the trout, the
tags are seen by the ecologist, and that the ecologist can tell a trout from

another species of fish.

In the situation with ACRSS and CMDB the situation is slightly different. Using
the fish analogy, the first net on_ly captures very sick fish who will soon die. The
second net only scoops up dead fish. Thus, the two samplings may appear to
be from different populations. However, with a median survival of less than two

years, one can argue that it is the same population that is being sampled twice.

Considering the problem with assessing AIDS reporting completeness, the
purpose of the record linkage is to find which people are listed on both
databases. Although both databases undercount the number of true cases,
capture-recapture techniques allow one to estimate the number of cases
missing overall by using the underascertainment rate of each data source. For
the ACRSS-CMDB linkage, the capture-recapture assumptions must be
considered:
1. The sources should be independent. The chance of a person being
included on the mortality database should be independent of their chance
of being included in the ACRSS database. This assumption is not

considered to be a problem when the capture rate of either source is
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high.3> As noted earlier, there is really no adequate third data source
available for AIDS on a national basis. Despite the restriction to two data
sources, there are means of assessing the lack of dependence to some
extent. Sekar and Deming suggest stratification of the data by a third
variable such as county.® Within each strata an estimate of the total
number of cases and the degree of completeness for both systems wouid
be calculated. A correlation coefficient between the completeness of
reporting of both systems weighted by the number of cases in each
stratum is then calculated. Independence can be assumed if the
correlation coefficient does not differ from zero. Desenclos and Hubert
proposed comparing the sum of strata estimates to the crude unstratified
estimate.” Recently, in some of the epidemiological literature, the
independence assumption has been considered as two separate
assumptions: a lack of list dependence and a lack of apparent
dependence (also known as heterogeneity).®® This difference is subtle to
the point that a number of articles do not discuss it. Nevertheless, it
appears that the methods of Sekar-Deming and Desenclos-Hubert only
address heterogeneity. Sekar-Deming's method was used in this study by
stratifying for year of death.

The population should be closed. In the present case, losses from these
databases were clearly not a problem, however there were regular

additions. [In order to simulate a closed population, cutoffs were
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determined based on different levels of acceptable reporting delay and on
the expected survival after AIDS diagnosis.

Individual identifiers should not be lost or overiooked. Effectively, this
means that the record linkage should be. accurate with minimal false
positive or false negative matches.
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4.5. Record Linkage with CMDB
Record linkage is a process by which records of one individual in separate
databases are brought together. This can be done manually but computer
record linkage is most commonly used. The following discussion is in two
sections: a general description of computerized record linkage followed by the

specific methodology used in this study.

The first step in a computerized record linkage is to confirm that there are
adequate overlapping fields in the two databases such that a linkage will be
possible. Even with fully nominal personal identifiers, variability in spelling of
common names (ie Jeff or Geoff), the use of common substitutes/nicknames (ie
Robert or Bob), and transcription errors will hamper record linkage. Therefore,
' although exact or deterministic matches are ideal, in practice it is not possible
and the use of probabilistic linking is required in which the probability of linkage
versus non-linkage must be estimated based on summing probability weights.*®
The use of probabilistic linkage has allowed the linkage of databases lacking

personal names®. Probabilistic linkage will be described in detail.

The overlapping fields must be coded in the same manner in both files (eg date
fields YYMMDD and YYYYMMDD must be coded similarly). Duplicates within
each database must be identified and removed. Records are then divided into

pockets or blocks based on one or more of the more reliable fields such as date
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of birth (DOB), date of death (DOD), sex, initials, etc. This saves considerable
computer time by limiting matching to those pairs of records which are potentially
linkable. As there is always a chance of error in any block, more than one pass
is usually done using different blocking fields. As long as the blocking fields are
independent, it is unlikely that a true match will be missed.

Some fields have higher predictive value than other fields. For example, a
match on day of birth is much more significant than a match on sex as ttiere are

366 possibilities for the former and only two for the latter.

Each field has two probabilities associated with it, known as the m and v
probabilities. The m probability is the probability that a field agrees given that

" the paired records being tested are a tfrue match. This is equivalent to one
minus the error rate of the field. For example, if the year of birth is wrong 5% of
the time, then the m probability will be .95 (the chance of a true positive). The m
probability is initially estimated but refinement is possible after some linkage is
done to achieve a record of matched pairs. This allows the calculation of a
series of specific m probabilities for that dataset. A different m probability is
possible for each value of every field. For example, the probability of the 11th
day of a month making a true match is greater than that of the 21st doing so, as
crossed numerals in the first case does not affect the value (misplacing the two

ones still gives 11 while crossing the two and one in 21 gives 12).
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The u probability is the probability that a field agrees given that the record pair is
not a true match (the chance of a false positive). This probability is effectively
the probability of random agreement as there are so many more unmatched
pairs possible than matched pairs*'. For example, in a perfect match between a
file with two million records and a file with one hundred records, there will be 100
matched pairs and nearly 200 million unmatched pairs. Frequency tables can be
created for the data set to calculate individual v probabilities for each value of
every field. For example, the sumame Smith would have a higher probability of

random agreement than the surname Schickelgruber.

in the linkage program, weights for each of the comparison fields for each pair
are calculated. Weight has been defined as the logarithm to the base two of the
" ratio of mand u. If mis greater than u, the weight will be a positive number. A
composite weight can be calculated by summing up all the comparison field
weights for each pair. Composite weights tend to follow a bimodal distribution as
shown in Figure 1 in Appendix A. Those pairs with high weights are considered
to be matches with no further examination necessary. Similarly, those with low
weights are considered non-matches. The threshold weights are determined by
comparing a sample of files manually over a range of composite weights. Those
pairs with composite weights between the two threshold weights are considered
potential matches and must be resolved manually. Potential links are handled

by "manual resolution” in which one uses additional information, if available,
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from the data sources to make a decision on whether there is a true link. If no
additional data are available and no rules for resolving indeterminate links, the
value of manual review is limited. This process will be discussed in greater

detail later.
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4.5.2. The ACRSS-CMDB Link
The general record linkage methodology used for this study is a highly
sophisticated program utilized in many studies. The program used by Statistics
Canada is called the Generalized Iterative Record Linkage System (GRLS; the |
has been dropped for political correctness). This was a more difficuit linkage
than most due to the limited number of personal identifiers. It should be noted
however that Calzavara et al in 1990° demonstrated the accuracy of record
linkage using only initials, date of birth, and city of residence on one file. The
ACRSS file included the 10,391 reports of AIDS cases received at Health
Canada between January 1982 and September 1994. The CMDB file contained
a list of all certified deaths from January 1982 to December 1992, approximately
2.0 million deaths in total. These were the most recent files available from each
~ source. The additional 20 months available from the ACRSS file was useful as it
allowed for linkage with records with considerable reporting delay. It is the
practice of Statistics Canada to generate one file for each surname,
consequently married women with both maiden and married names have two
records. This duplication is done for the purpose of record linkage. The two
million deaths generated 2.8 million death records. The actual process of the
linkage involves preprocessing each file, planning the passes, exploding the
files, calculating the rules for weighting, and finally running the required

program. These steps are described below.
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4.5.2.1. Preprocessing ACRSS

Preprocessing of the file is required to create compatible overiapping fields.
There were 25 fields included without modification (other than name changes)
and 27 new fields created. The modifications are shown in Table 1 in Appendix
B. The final file contained 52 fields. These are listed in Table 2, also in
Appendix B.
4.5.2.2. Preprocessing CMDB
The CMDB had 52 fields and Minm 2.8 million death records. This file was
also preprocessed. Seventeen fields were used unchanged; 13 new fields were
created. The AIDSFLG code divided the CMDB into five large groups based on
the ICD-9 coded cause of death (referred to as AIDS Flag 1 to 5 in decreasing
order of likelihood that the deaths were due to AIDS). It was unknown prior to
~ the linkage what proportion of deaths due to AIDS were coded as 279.1 prior to
1987 and as 042-044 from 1987 on. As will be discussed later, the improved
efficiency of CMDB at finding AIDS deaths by including other codes allowed us
to minimize any errors due to lack of independence between the two data
sources using capture-recapture. To increase the likelihood of finding deaths
due to AIDS, specified infections or specified malignant neoplasms under 042 as
identified by the ICD-9 addendum establishing the codes 042-044* were coded
as AIDSFLG 2. An example of this would be a cause of death such as
pneumocystosis (136.3). "Other specified conditions” included under 043 which

are much less likely to be due to AIDS were given the AIDSFLG code 3. An
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example of this would be infectious diarrhea (009). The coding is shown in

Table 1.
Table 1 - AIDSFLG Coding in CMDB

T =3es T

codes highly predictive of AIDS
codes predictive of AIDS (ICD 003.1, 0072, 007.8, 007.9, 010,

moderately
011, 012-018, 031, 038, 039, 046.3, 054, 078.5, 112, 114, 115, 117.3, 1175,
117.7, 1272, 130, 138.3, 173, 180, 200.0, 200.1, 200.2, 200.8, 202.8, 290.1,
290.8, 290.9, 294, 298.9, 320, 321.0, 322.2, 322.9, 331.6, 348.3, 363.2, 481,
482, 484.1,516.8, 711, 730, 790.7)

| associated conditions as listed in MMWR Dec 25/87, Vol 36/S-7%
all deaths under age 15
all other causes of death

This allowed comparisons of deaths that were unlikely to be due to AIDS (AIDS
Flag 5) and gave additional weight to matches with AIDS Flag 1 or 2. The final
file contained 30 fields. They are listed in Table 3 in Appendix B.

. 4.523. Planning the Passes

The linkages were done in four independent runs: males with initials, males
without initials, females with initials, and finally females without initials.
Approximately 16.1% of ACRSS records lacked initials. These records were
mainly Quebec ACRSS cases. Quebec has not recorded initials on new AIDS
cases since November 1990. The four runs were required as different
comparison rules were needed for files with and without initials due to the
decreased discriminating power of the program in the absence of initials. In files
lacking initials, only the date of birth, date of death, and geographic information

could be used to link records. Females were linked separately from males as
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AIDS is much more uncommon in females and errors in this variable field are
highly unlikely. The order of blocking was decided by looking at a previous
linkage between the CMDB and ACRSS. The order of blocking is shown in

Table 2.

';;ﬁgéﬁ';;’ s E= -

| Full date of birth (YYMMDD)

—=| Full date of death (YYMMDD)

—| Last nitial, frst initial, birth year (LFYY) ]
—=| Last nitial, birth month and day (LMMDD)

==-| Last nitial, first initial, death year & month (LFYYMM)

—-—| Birth year & month +1/-1, birth month & day crossover

The first pass was based on full date of birth(YYMMDD). If there was an error in
the date of birth then a true match could not occur. This was the only pass in

* which the residue file (AIDSFLG code § representing all causes of death unlikely
to be due to AIDS) was used. As the residue file was very large and the
probability of true matches was very low, chances for linking to these other
causes of death were limited to the one pass. The passes that were run are

shown clearly in Table 3 on the next page.



if a CMDB record was coded AI!JSFLG 1 or 2 then a copy of this record would

be run through each of the six passes. This would maximize the chances of a
true match if there was an error in one of the fields in either database. If multiple
matches were made to one record, the match with the highest composite weight
would generally be accepted. Note that only ACRSS records lacking initials
were run through Pass 6 which was an attempt to compensate for errors in birth
. years and crossovers of birth month and day.

The preprocessed file was exploded (reproduced) to produce six copies to allow
for six passes to occur. Note that a record was only exploded if the blocking
variable to be used was present for that observation. For example, if death date
was not recorded on the ACRSS record, the observation was not duplicated for
passes 2 and 5. This exploded file was then divided into males and females with
38,000 and 2,100 records respectively.

4.5.2.5 Exploding CMDB
This master file of 2.8 million death records was exploded (reproduced) to give
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six copies for AIDS Flag codes 1 and 2, five copies for AIDS Flag codes 3 and 4.
The residue file (AIDS Flag 5) was only used for one pass with full date of birth
S0 copies were not needed. This residue file was divided into males and
females once more giving 1.5 million and 2.2 million observations respectively.
There were more female records as records were produced with both last name
and maiden name. Approximately 8-9% of the records in the CMDB were coded
AIDSFLG 1-4 aithough most of these were in level 3. The linkage process is

shown in Figure 2 in Appendix A.
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1.5.3. Running the Lini

Given that L is the weighting for linkage based on the m probability and U is the
weighting for unlink based on the u probability; each possible matching pair of
records was run through a series of comparison rules which assigned Uand L
weights depending on whether the pair met the conditions stated. A rule was a
set of criteria by which a pair of records was compared and thereby given
weights. Each possible matched pair was run through 25 comparison rules
which are shown in Table 4 of Mendk B and are discussed further in the next
section. All links with a cumulative weight (discussed below) over -100 were
considered as potential links, cumulative weights over 80 were considered
definite links. Note that these thresholds were based on past experience with
the program. At this point in the linkage, the weights were called basic or global
" weights. For example, a match on the first initial Z was given the same weight
as a match on the first initial B. Further processing assigned value-specific

weights and is described in the following section.
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4.5.4. Rules for Weighti

The rules for weighting were based on the probability of a true match versus a

non-match. Some of these probabilities were quite exact, others were based on

previous experience. A summary of the comparison rules follows:

1. The first weights adjust for file size which changes slightly depending on
the year of death. Age-specific likelihood of death was added as a weight
reflecting the lower probability of death in the younger ages versus the
elderly population. |

2. Negative weights were assigned for logical errors. These are listed
below:

(a) date of onset in ACRSS being after the date of death in the
CMDB.

(b) negative weights were proportional to the difference in birth
days, months, or years between the two data sources.

(c) crossed birthdates such as month and day reversed in one file.
(d) partial agreements on dates of death were progressively
weighted as with birthdates.

(e) sumames and given names were compared with initials with
increasing negatives weights when initials were crossed,
disagreed, or were missing.

3. Geographic agreement was weighted at the level of the province, census

division, and census subdivision. Census divisions are quite large, for
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example Ottawa-Carleton is a single census division. Ottawa or Nepean
are examples of census subdivisions. This comparison weighting was
complex as ACRSS had three sources of geographic information (piace of
diagnosis, residence, and hospital) and CMDB had two (place of
residence and place of death). The best two agreements out of the six
possibilities were weighted.

Matches on diagnosis and cause of death were sought using the
AIDSFLG levels. Positive weighting was given if the cause of death
agreed on AIDSFLG levels 1 or 2.

More specific agreements on specific diagnoses and causes of death
were then weighted. An agreement on an unusual disease of low
probability of occurrence, such as cryptococcosis, would receive the
same weight as a more common disease of higher probability (ie
pneumonia). That is, diseases were not assigned value-specific weights.
Theoretically, a match on cryptococcosis should receive extra weighting
as the probability of this occurrence was much less. One concern was
that some physicians have coded the same diagnosis twice when there is
arelapse. This may have allowed overweighting because a PCP cause
of death could be matched with both diagnosis 1 and diagnosis 2.
Another concern is that although people with AIDS get more than one
disease, ACRSS would generally receive the first diagnosis only while

CMDB only receives the last.
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4.5.5. Manual Resolution
To determine the rules for a priori manual resolution a pilot study was performed
on one year's data. Data from 1990 was linked to ACRSS using global weights
to ensure that there were no major problems with the linkage. Global weights
were later replaced by value-specific weights once it was clear that there were
no logical problems with the linkage program. The following observations were
made by reviewing all of these potential links:
1. The lack of value-speciﬁé: weighting and other factors explained where
our manual resolution differed from the program output as follows:
(a) Country of birth was very influential in decision-making.
(b) City/community size should be a factor, ie matches on small
cities such as Moncton should have been weighted higher.
(c) Rare dates of birth for diagnosis of AIDS should be given higher
weighting. For example, a match involving a person with a date of
birth in 1919 who died from AIDS should have a high weight as
AIDS is a rare disease in the elderly. There were concems that the
value-specific weights to be used were based on frequencies found
in the mortality database as this was the larger of the two
databases. A 1955 D.O.B. for a death in CMDB is less common
than a 1919 D.0.B. but the opposite frequency would be seen in
ACRSS.
2. Differences in date of death by one day may have been penalized too
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much. Deaths during the night often lead to this discrepancy.
If the place of birth was not given, the name could give evidence of
geographical origin.
If there were no initials, then DOB and DOD were used to match but the
cause of death and AIDSFLG became very important especially if DOD
was missing from ACRSS. If the cause of death was AIDSFLG 5 (ie the
residual file), one should be reluctant to make a match based only on date
of birth and date of death because the residual file was so large that false
positive matches were likely to occur. It seemed unlikely that we would
link any AIDS patients who died of other causes (such as suicide or
MVAs) in Quebec.
The most difficult resolutions involved files without initials (from Quebec).
Two examples are listed below:

(a) no initials, same D.0.B., in Montreal, AIDS diagnosis

(b) no initials, same D.0.B., different D.O.D., AIDS diagnosis.
Matches within suburbs such as Halifax-Dartmouth, Quebec-Ste Foy, etc
were given too little weight as the program did not account for their
proximity.
The cause of death was not found to contribute to decision making if it
was not AIDSFLG 1 or 2 because non-specific diagnoses such as
pneumonia (486) and unspecified nonspecific iliness (799.9) were often

listed.
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AIDS-defining illnesses in the ACRSS file did not contribute to decision
making as the cause of death is just as likely to be some other
opportunistic infection due to the multiple ilinesses seen in people living
with AIDS.
Geographic codes became more significant with age as the younger gay
population is quite mobile between the major Canadian cities of Montreal,
Toronto, and Vancouver. There is also the anecdotal mobility of AIDS
cases from their city of acquisition of HIV infection/residence back home
to smaller centres to die. In keeping with this, if a case was identified as
alive in ACRSS and the place of diagnosis was different from the place of
death, then the geographic difference was ignored. Older age cases,
which were more likely to be transfusion-recipients, were expected to be
less mobile.
if the code was over 799, the cause of death was manually reviewed as it
may have been suicide related.
When initials were present and matched; the following rules were used:
(a) If the CMDB record was AIDSFLG 5, other fields such as DOB,
DOD, and geography would have to be perfectly matched to link.
(b) if the CMDB match record was an older person and AIDSFLG 1
(ie AIDS on the death certificate), this was sufficiently unusual that
other variables would not have to be exact matches.

(c) If the DOB agreed but DOD was missing in ACRSS and CMDB
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cause of death was AIDSFLG 5, the frequency of death in that age
group and the cause of death were carefully examined. For
example, an elderly person certified as deceased due to heart
disease is unlikely to be a true match even with matching initials
and DOB. In these cases two reviewers had to agree for a match
to be made.

Based on this pilot, our threshol.d for "definite” matches was estimated to be in
the range of 75 to 80 at the top end and at -20 at the bottom end using global
weights. It was decided that for AIDSFLG1 cases, links should be manually
checked down to the lowest weight of -100. A careful search through the most
recent ACRSS file (October 95) was needed if these AIDSFLG1 cases remained

" unlinked.

4.5.5.1. Males with initials
Following the test match and clarification of the methodology as described

above, the file of all males with initials was linked to the 1982-1992 mortality file
using value-specific weights. Value-specific weights were used for initials,
geographic areas, birthplace codes, and age at death. This produced 5,101
potential links. Links were provided as a one ACRSS record to multiple CMDB
record configuration, that is each ACRSS record was listed with at least one
potential CMDB match. The vast majority of links (94.0%) were in a 1:1 ratio. In

the males with initials linkage, roughly 50% of the matched files were from
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Ontario, 20% from B.C., 18.8% from Quebec, and 6.1% were from Alberta. The
under-representation of Quebec cases in this group was due to the absence of

initials in Quebec data since November 1990.

Manual review of a 10% systematic sample (511) was done to ensure that the
program was producing reasonable output and also to set thresholds a priori.
The upper threshold for manual resolution using global weights had been
estimated to be about 80 while the lower threshold was estimated to be "
approximately -20. This estimation was repeated at this time using value-
specific weights. Matched records were divided into “probable” matches,
“possible" matches, or no match and compared with the weight given by the
GRLS program as shown in Table 5 in Appendix B. Note that "probable" means
" definite from a practical point of view but the term "probable"” is preferred as this
is a probabilistic linkage system where no match is identifiable as truly definite.
The upper threshold was set at 110, the lower at -20. Above the upper threshold
virtually all of the links were “probable" matches, below the lower threshold
virtually all links were non-matches. It was expected that the span of weights
requiring manual resolution would consist of about 260 links in the total file. All
links with weights between 200 and 110 with AIDSFLG 3 or 5 would be reviewed
to minimize false positive matches. The AIDSFLG1 death certificates matched
with weights between -20 and -100 (ie non-matches) would be manually

reviewed to avoid false negative matches. False negative matches would be
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recorded as death certificate only (DCO) cases which would falsely elevate

underreporting.

Nearly 93% of all links were “probable”. Having set the thresholds for manual
resolution, the full file of links for males with initials was printed out. All links in
the indeterminate range were reviewed independently by myself and by M.R.
ACRSS records and death certificates were obtained, as needed, to assist in
resolving these indeterminate cases manually. There were 99 matched pairs in
AIDSFLG 3 and 5 cases with weights between 200 and 110. Death certificates
from Ontario for the years 1990 to 1993 were not readily available to Statistics
Canada due to problems related to their conversion to optical disk technology.
This decreased the number of accessible death certificates to 55. Of these 55
* death certificates, 33 (60%) indicated definite HIV or AIDS. An additional three
were very probable with diagnoses of overwhelming viremia, hemophilia, and
immune suppressive iliness/sarcoma. Of the 19 remaining, 10 gave no
additional information or were interim reports prior to a final coding of suicide.
For weights between 110 and -20, 53 cases were AIDSFLG 3 or 5, 13 Ontario
charts were unavailable. Of the remaining 40, 17 (42%) were definitely HIV or
AIDS on the death certificates. The lowest weight at which an AIDS case was
identified by this manner was at -2. This raised the question of whether we
should pull death certificates at even lower weights. This was done by taking a

systematic sample of AIDSFLG 3 and 5 death certificates with low weights
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between -20 and -100. There were 124 of these potential links but checking the
latest ACRSS database (October 95) allowed the elimination of 33 of these links
on the basis of recent death dates that were not in agreement with those on the
death certificate. There were a total of 91 remaining of which 60 were not
Ontario deaths between 1990 and 1993. Every second death certificate was
then pulled to assess the possibility of missing true matches even at this low
weight. Of these 30 death certificates, there was no evidence that any of the
deaths were associated with HIVINDS. Clearly, the linkage program was
working as it should in that the probability of an AIDSFLG 5 death being actually

due to HIV/AIDS decreased as the weight decreased as shown in Table 4 below.

Table 4 - Linkage Weight with AIDSFLG 3 and § and HIV/AIDS on Death Certificate (Males
with Initials

s T 1 b
T e

Total Links
Death Certificate Available (not Ontario)
death certificate

For this reason, death certificates for the links with high weights between 504
and 200 which were AIDSFLG 3 or 5 were not examined in hard copy (this

included 35 and 100 links respectively).

Most of the cases missed by the use of the underlying cause of death were due
to coding of AIDS in Part 2 of the death certificate, which contains contributing

but not causal factors. There were instances in which the physician gave an



54
underlying cause of death of shorter duration than the immediate cause. The
nosologist cannot code the cause of death due to the underlying cause in these
circumstances. in ancther case, a physician gave the immediate cause of death
as being due to bilateral pneumonia. This was due to or as a consequence of
Hodgkins disease which was listed as due to or as a consequence of AIDS. As
AIDS is not on the causal pathway to Hodgkins disease, the cause of death

stopped at Hodgkins disease which was then coded.

The main focus of the manual resolution was the potential matches with weights
between 110 and -20. This included a total of 230 potential matches. These
were assessed individually by the two investigators blind to each other's

decisions and then compared. The resuits are shown in Table 5.

" Table 5 - Comparison of Manual Resolution Results from Two investigators (Males with
Initials

“Weights-between: 110:and:=20 =} s s oMRES ==
- (meleswiintiale) g =] s
T 17 24 185

p.=743 (.848)
p.=.689
16 19 35
P.=.083 (-152)
p-=.028
B 813 18 1.000

p.=abserved proportion of agreement
p.~chance expected proportion of agreement

kappa=(p,-p.)/(1-p)=0.38

The overall agreement was approximately 82%. The kappa value was

calculated to be .38, that is 38% agreement over and above chance. It was

agreed that this kappa was too low leading the two observers to an unblinded
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comparison of discordant matches. There were 40 matches in which the two
investigators disagreed on the outcome (17% of the 230 total between weights
110 and -20). These disagreements were resoived in one of two ways:

1. One person agreed that the evidence favoured the other decision and a
change was made (n=12).

2. The investigators could not reach agreement and a third category of link
was created, to be known as a “possible” match (n=28), the other two to
be known as "probable” (-as close to definite as possible) and non-
matches. "Possible" matches fell into 9 groupings which are listed in
Table 6 in Appendix B.

4.5.5.2. Males without initials
A special linkage run was necessary as all Quebec cases from November 1990

~ forward do not have initials. There were a total of 957 "possible" links weighted

between 343 and the threshold of -80. All links with weights less than -80 were
considered non-matches. In the previously established range of weights
requiring manual resolution between 110 and -20 there were 351 potential links
(36.7%). In comparison, recall that for males with initials there were 230/5101
(4.5%) in the same weight range. This illustrates the loss of discriminating
power by the linkage program which occurs with the loss of personal identifiers

from the ACRSS database.

It became apparent during the manual resolution of these cases that a large
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number of matches would have to be placed in a "possible" category; these were

flagged for the purpose of inclusion and exclusion in a sensitivity analysis.

Rules were developed to assist with the matching process as described earlier.

The rules are listed below:

1.

if the case was AIDSFLG 1, then either DOB or DOD had to be exact with
only a minor error aliowable in the other date (either DOB or DOD) as in
the day, month, year, or a crossover to be considered a "probable" match.
if the DOD was missing for an AIDSFLG 1, then a "probable” matth would
be confirmed only if the geographical variables matched perfectly and
were outside of Montreal or the birthplace was outside Canada and
matched. Montreal as a place of diagnosis was not significant for
matching as the vast majority of all AIDS cases in Quebec are diagnosed
in that city.

A DOD off by one day was considered equivalent to exact agreement for
this field as deaths during the night are often misclassified.

if the DOB or DOD was missing but the other fields matched in AIDSFLG
3 or 5, then it was not a match uniess review of the death certificate

indicated HIV or AIDS which elevated the match to a "possible”.

As a check, similar to the males with initials match, death certificates on all

matches with AIDSFLG 3 and 5 between weights 200 and -20 were pulied. The

percentage of HIV/AIDS on the death certificate decreased as the linkage weight
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decreased:

As in the run "males with initials”, the manual resolution was done independently
by the two investigators. It was decided in advance that matches would be
designated as "probable", "possible”, or non-links as the lack of initials limited
discriminating power. To assess the objectivity of the manual resolution,
weighted kappas were calculated using weight O for agreement, weight 1 for
"probable”-"possible" or "possible"-nonlink, and weight 2 for "probable"-nonlink.

The results are shown in Table 7.

. Table 7 - Comparison of Manual Resolution Results from Two investigators (Males without
Initials

14 wt=1 0 wt=2 50
p,=.102 P.=.040 p,=0 (-1142)
p=.020 p=.055 p=.067
wi=1 108 wt=0 35 wt=1 183
p.=.028 P.=.308 P.=-100 (.436)
p.=.061 p=-170 p.=-205
wi=2 15 wt=1 130 wt=0 148
p,=.008 P.=-043 P.=-370 (422)
p.=.059 p.=.164 p.=.198
49 137 165 351

(.140) (:380) (470)

p.=observed proportion of agreement
p.=chance expected proportion of agreement
kappa=1-(sum wp_ /sum wp_)=0.69
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This gave a weighted kappa of .69 indicating that the agreement between
investigators over and above that due to chance was relatively good. The
relatively few disagreements were resolved by examining the matches together,
looking for errors in logic or reviewing the rules stated above. If agreement
could not be reached, then the match was considered a “possible".
The manual resolution on females with initials was uncomplicated. There were
260 potential link groups for feﬁales with initials (ie one ACRSS file to many
CMDB files such as 1:1, 1:2, 1:3, 1:4). Of these, only 18 had weights less than
110. Most of the links were from Quebec (n=117) reflecting the high proportion
of women with AIDS from that province. Ontario had the second largest number
(n=89). Of the ten death certificates for those coded AIDSFLG 3 or 5 between
"~ weights 200 and -20, one was unavailable, three indicated HIV/AIDS and were
reclassified as AIDSFLG 1. All were classified as "probable” or non-links, it was
not necessary to use the "possible" designation.
4.5.5.4. Females without initials
There were 71 potential link groups (one ACRSS:many CMDB) for females
without initials. 32 (45%) of these 71 had weights less than 110, again
reflecting the loss of discriminating power of the linkage program when personal
identifiers were missing. 66 of the 71 deaths were from Quebec, the remainder
were from Ontario and B.C. Rules were applied to distinguish “probable",

"possible”, and non-matches. As before, the most recent ACRSS file and hard
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copies of death certificates were pulled to attempt resolution of gray area
linkages. Six death certificates with AIDSFLG 3 or 5 were pulled, of these, three

certificates noted HIV/AIDS.

The final analysis file was then created with the linked cases identified as
“probable” or “possible”. 98.2% of all links had a weight greater than 110.
94.3% of all links were to AIDSFLG 1 or 2 death files. A separate death
certificate only (DCO file) was élso produced containing death records from
CMDB identified as AIDS that did not link to any ACRSS case. Both the linked
file and the DCO file were merged with Statistic Canada's Geographic Tape File
("ACRSS only" cases could not be merged because of the absence of specifying
geographical information). Analysis of migration and reporting completeness

" with respect to community size based on census metropolitan areas or census

subdivisions was conducted using this file.
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4.6. Analysis
4.6.1. Representativeness
To assess bias, the ACRSS file was compared with the linked file (as
“probables” and "possibles") and the DCO file in terms of gender, province of
residence, year of death, community size at death, risk group, and age group at
diagnosis. In the ACRSS file, the province of attribution for the AIDS report was
used as the province of residence. Province of residence is relatively
incomplete in ACRSS because |t is assumed to be the same as the attributed
province unless specifically stated otherwise. Province of attribution is defined
as the province where the first signs or symptoms of HIV infection appeared.
Size of community at death was measured by census metropolitan area (CMA).
The presence and absence of initials in the files was also compared for each of
" the demographic variables.
Length of survival and date of onset in the linked and ACRSS files were
compared to assess the presence of a "death bias". As the secondary data
source in this study is a file of deaths, it is possible that those listed in the CMDB
will be more likely to have severe disease with shorter survival. Those listed in
the CMDB may also have developed AIDS earlier in the epidemic. The result of
a death bias would be that the linked file would be less representative of the
ACRSS file in terms of length of survival and date of onset, as well as any other
factor which may change over time such as risk group, gender distribution. Date

of onset was defined as the date of onset of the earliest AIDS defining illness.



The calculations required foliow from Table 8 below using notation often found in

the demographic literature.*®

Table 8 - Calculation of faness
e : : = Iﬁ_'
= =T T
::EEEEEE: éi T
== ;ik N, N, (DCO) n,
. N, X
== e e

n,=total number of deaths in CMDB

n,=total number of deaths in ACRSS

n;=number of deaths found in both ACRSS and CMDB (linked file)
N,=deaths found only in CMDB (DCO or death certificate only cases)
N,=deaths found only in ACRSS

N=total deaths=(n,n,) /n,,

N as given in the last equation above is an estimate as it is calculated by solving
- the following equations which contain estimates:

Es=n,/N where E, is the probability that a person that died of AIDS is
identified by CMDB. (Equation 1)

E,=n,/N where E; is the probability that a person that died of AIDS is
identified by ACRSS. (Equation 2)

Since ny,=n, x n/N=(n,/N) x (n,/N) x N=E,E, x N assuming independence of
sources:
i.e. n,=EE,N. (Equation 3)

Solving Equation 3 for N (replacing E, and E, with Equations 1 and 2
respectively), one obtains:

N=(n,n,)/n,,.3 (Equation 4)
Rearrangement gives:
n,/N=n,./n, (Equation 5)

The left side of Equation 5 gives the reporting completeness of ACRSS which is
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the total number of deaths in ACRSS divided by the total population size. The
right side of Equation 5 is equivalent to N../(n,#DCO) and is actually used for
the calculation. Other variables to be considered are N, and N, which represent
the deaths that are only found in the respective databases and are not shared.

Note that n,=N, + n; and n, = N, + n,,.

The linked file provided n,, by linking ACRSS 1982-Sept 94 and CMDB 1982-92.
The residue (death certificate ohly or DCO) file gave the deaths that were found
only in the CMDB which is N,. From this, n, and reporting completeness were
calculated. Note that the variable n,, will have CMDB + ACRSS(death notified)
and CMDB + ACRSS(death not notified) if a death variable is not used for all the
passes in the linkage. In this way, we examined the reporting completeness of

- ACRSS by looking at whether cases were reported (ignoring mortality status).
The other option would require the use of a death variable for the linkage such
that n,, would only include CMDB + ACRSS(death notified). In this case, one
would be examining the completeness of reporting of death, among those with
AIDS reported to ACRSS, which would be a less useful exercise.

Reporting completeness was calculated using the capture-recapture equation
for: all reports, by gender, by province of residence, by year of death, and by
size of the community where the individual resided at death. Repeat

calculations were done to allow sensitivity analysis by counting “possible”
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matches as DCO cases for Canada as a whole and for Quebec alone.
Calculations were also done for Canada excluding Quebec. This latter
caiculation was done with "possible” cases excluded as there were very few
"possibles” outside of Quebec. Sekar-Deming's method of testing for
independence was utilized by stratification by year of death. The analysis at this

point did not account for reporting delay.



To investigate any change in reporting completeness over time, it would be
valuable to ascertain the reporting completeness of each cohort of AIDS cases
diagnosed in each subsequent year. This was not possible as we did not know
the date of diagnosis of death certificate only (DCO) cases; DCO case numbers
are required for the calculation of reporting completeness. Therefore we
decided to compile cohorts by the dates of death allowing an assumption that
date of death predicts date of diénosis. Reporting completeness of cohorts of
AIDS deaths certified by CMDB by the quarter of each year were plotted over
time. The initial curve plotted took advantage of the fact that ACRSS data was
collected up to September 1994 while the mortality database ended on
December 31, 1992 as it allowed for 20 months of reporting delay after death. It
" was anticipated that the shape of the curve would give some estimate of
underreporting (ie AIDS cases that would never be reported) as the effect of

reporting delay was minimized with time.

As noted above, this analysis was improved by censoring mortality data
successively backwards at 3 month intervals such that reporting completeness
could be calculated at quarterly intervals since the year of death. For example,
all cases of AIDS in which the death was certified by CMDB prior o December
31, 1985 were totalled. Reporting completeness was calculated with linked

cases having been reported to ACRSS by year end; DCO cases were either
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never linked or were linked to an ACRSS report after the last day of 1985.
Reporting completeness was then recalculated at the end of each subsequent
quarter. Some of the DCO cases during each year would link to a newly
reported ACRSS case. Each link would decrease the DCO count by one and
increase the linked count by one. In this way, cumulative reporting
completeness was calculated over the following years. The shape of each
cohort's curve was compared to permit projection of recent cohorts whose data

was still censored.

Reporting completeness at equivalent years after date of death certification by
CMDB were then plotted against the date by which the AIDS death had been
reported. The siopes of these curves were then calculated by chi square test for
" trend on Epi Info. These calculations were repeated with "possible” matches

included as DCOs to allow a sensitivity analysis.
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4.6.4. Non-eporting Rates
Non-reporting rates were caiculated for the one, two, and five year periods after
diagnosis. The calculations required are detailed below:
1. Numerator - The reporting delay was calculated for each case in the ACRSS
database by subtracting the date of onset from the date that the report was
received by the surveillance system at the federal level. These were then
aggregated into yearly intervals (Table 1 of Appendix C). The number of cases
that were not reported within a set time interval (eg one year) was calculated by
subtracting the one year reports from the total number of AIDS with onset in that
year from ACRSS.
2. Denominator - A few assumptions were necessary to calculate the
denominator which should represent all AIDS cases diagnosed in Canada in any
* particular year. The denominator would include cases that were reported to
ACRSS, cases that were certified on death, cases that were captured by both
data sources, and cases that did not appear on either. This is a clear indication
for the use of the capture-recapture equation N=n,n,n,, (N is the total number of
AIDS cases, n,, is the number of linked cases, n, is the total number of cases in
CMDB, and n,is the total number of cases in ACRSS). One problem is that
although the date of diagnosis is known for n,, (linked file) and n, (ACRSS), this
is unknown for n, as this includes linked cases as well as DCO cases. Death
certificates do not state the date of diagnosis. Therefore, an assumption was

made concerning the time of onset of AIDS in DCO cases. The median survival
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in days both overall and in those reported after death (from Table 16) was
subtracted from the date of death from the death certificate. Calculated survival
in ACRSS and on the linked file were quite close and the average was used in
each case. Overall survival was estimated to be 344 days, for those reported to
ACRSS after death it was 141 days. This provided a range of the estimated year
of onset for the DCO cases. Adding these values to the linked cases gave n,
(total in CMDB) by year of diagnosis. The other assumptions are those required
for the use of capture-recapture. This includes the assumption that all cases
have an equal chance of being captured by each data source. This is not the
case as only those who are dead have an equal chance of appearing on both
lists. By assuming that all those on the ACRSS list had died, it was possible to
calculate the likely number of total cases of AIDS in Canada by year of onset as
* shown in the example in Table 2 of Appendix C. Note that this assumption
should give a falsely elevated N and a falsely low non-reporting rate in the most
recent years of diagnosis as some of the ACRSS cases cannot possibly link if
they are still alive. High and low estimates of N were derived by using either
overall or report after death survival times as well as by including "possibles”

with the linked file or the DCO file.

All analysis was done using SAS 6.10-6.11 or Epilnfo.
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5. RESULTS
5.1. Comparison of Files
The comparison between the ACRSS file, "probable” links, "possible” links, the
DCO file, and the presence and absence of initials in terms of various
demographic variables is seen in Tables 9 to 14 and is discussed in more detail
below. As 602 (10.5%) of the 5755 linked cases were recorded as alive in
ACRSS it was apparent that underreporting of death in ACRSS could not be
ignored. This prevented the comparisons of year of death and community size
at death to the ACRSS file. Therefore the ACRSS file is not included in Tables

11 and 12.

There are a number of possible sources of variation including those due to
errors inherent in record linkage, capture-recapture, and sampling error.
Sampling error was not believed to be a major source of error due to the large
proportion of the population captured by these data sources. Statistical tests of
comparison were not used as we were interested in finding any discrepancies,
whether statistically significant or not. Furthermore, a large number of
differences may appear to be statistically significant with the large numbers

involved when in fact the differences have no practical importance.
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5.1.1. Gender (Table 9): The percentage of females in the DCO file (10.1%) was
higher than in ACRSS (5.9%), the "probable"” file (5.2%), and the "possible” file
(4.4%). This may be partially due to the lack of initials.

Table 9 - File Gender

Lot

=] 9770 | 941 | S305 | 948 | 151 | 956 | 810 | %09 | @84 | 951 | s2 | 924
612 | 59 | 22 | s2 7 44 | ot |101 | 20 | 49 ® 76
Totai=—4{ 10301 | 100 | ss7 | 100 | 158 | 100 | 901 | 100 | s114 | 100 | ea1 100

$.1.2. Province of Residence (Table 10): Note that 84.8% of the "possible" links
were from Quebec. Of the linked files lacking initials, 99.5% were from Quebec

as well. 66% of all DCO files were from Quebec.

Table 10 - File Province of Residence
-Provof - | ZACRBS: # : pont:
= e et | S el el
04 b <] 04 o o 2 02 2 o 0
16 84 15 0 L] 6 0.7 84 16 0 o -
07 a3 08 1 as 14 18 “ 08 o o
0.1 S 0.1 0 o 2 02 S 0.1 o (]
27 | 14990 ] 264 | 124 | 848 | S068 | 661 7% | 19.1 80.5
413 | 516 | 40 13 82 | 151 168 | 2526 | ®4 3 05
12 61 1.1 ] 8 09 61 12 0 o
08 0 09 0 4 04 409 10 0 0
64 316 | 56 6 38 17 19 32 63 o 0
17.7 | 1015 | 181 4 26 82 9.1 1019 | 199 o o
0.1 0 o o 1 0.1 0 0 o 0
o 0 0 o 0 0 o 0
0 S 0.1 0 18 19 S 0.1 0 0
100 | S597 | 100 158 100 | €01 100 | S114 | 100 641 100
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5.1.3. Year of Death (Table 11): Note that the absence of initials in linked files
first showed in 1986 deaths and increased rapidly with time. A similar pattem is
seen with the "possible” file. This is not surprising as 82.9% of the "possible"

links involved ACRSS files with no initials.

155
215 29
® 230

BIB|G|(B|2[R|a[a]n

=5

w9 |
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S5.1.4. Community Size at Death (Table 12): A higher proportion of "possible”
links than "probable” links died in large communities. This would be expected as
there are many deaths from AIDS in Montreal but very few in Moose Jaw making
the latter location easier to match with confidence.

Community Size at Death

2 S
= Toe % e x| %
.4 136 881 618 a8.6 34536 672 526 82.1
147 10 63 103 114 7 151 &3 98
10.7 2 13 80 89 S81 114 34
4.1 5 32 68 76 214 42 19 30
20 S 32 3 34 104 20 11 1.7
0.1 0 o 1 0.1 8 0.1 0 (o]

100 158 100 801 100 5114 100 641 100
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5.1.5. Risk Group (Table 13): There do not appear to be any major differences

between the files in terms of risk group.

Table 13 - File Risk Grou
= e s e e
76 118 747 | @050 | @2 | 467 | 728
a3 12 78 1 |34 | =5 | 39
17 7 44 87 1.7 15 | 23
22 1 08 100 2.1 15 23
25 2 13 130 25 12 19
33 1 08 147 29 4 | 64
35 25 181 3s 31
0 o o 1 o o 0
41 13 82 19 | ase @ 64
08 0 0 3 07 s o8
100 158 100 | 5114 | 100 | 641 | 100
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9.1.6. Age Group at Diagnosis (Table 14): Note that it is easier to match in the

lower age groups (newbomn to age 19) as deaths in these groups from AIDS are

relatively uncommon.
Group at
os | 2z | os 0 o s |os] 2 [ o3
03 | 18 | o3 o o 6 [o3] 2 | o3
01 4 o1 0 o 3 0.1 1 0.1
o1 5 o1 0 o 5 o1 | o o
04 | 2 04 0 o 18 03| 3 | os
182 | 984 | 178 ® 28 | o14 | 179 | 16 | 181
©s | 281 | <0 74 w8 | 2154 1| 211 | @3
22 | 1516 | 271 3 215 | 1367 | 267 | 188 | 285
104 | 881 | 118 14 89 612 |120] & | o8

100 507 100 158 100 5114 100 641 100
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5.1.7. Date of Onset and Survival (Tables 15 and 16): The median date of onset
is earlier in the linked file than in the ACRSS file by at least nine months
(January 1989 versus October 1989 overall and May 1989 versus May 1990 for
cases reported after death). In both files cases that are reported after death

have later onset than that seen in the overall file.

Table 15 - File Cc

——— Ma——
A - EUS- 8-\ e S Bt PN I o e e ‘B

Survival time was minimally shorter in the linked file compared to the ACRSS

file. Those cases reported after death show a shorter survival time by six to
seven months compared to overall survival times in both files (150 versus 345

days in ACRSS and 132 versus 343 days in the linked file). The ranges are

shown in brackets.

345 (0-5127)
150 (0-512 132 (0-3682
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5.2. Reporting Completeness
Reporting completeness was calculated for all cases, by gender, by province of
residence, by size of community at death, and by year of death. This invoived
dividing the number on the linked file (n,,) by the sum of the number on the
linked file and the number on the death certificate only (DCO) file. Sekar-
Deming's test for apparent dependence by stratification using year of death gave
a correlation coefficient of 0.36. This was not surprising as this method does not
appear to correct for very low va;riability within the strata of these relativély
efficient sources. The calculation of this correlation coefficient is shown in
Appendix D. Results are shown for Quebec alone, for the rest of Canada with
“"possibles” deleted, and for Canada overall. Note that the analysis at this point

did not account for reporting delay. The resulits are shown in Table 17.

Py S ae s Pt ey ey

1614 (1480)

73.0% (67.0)

Restc 4117 63.1%
‘Canada—=—-| 5755 (559 901 (1059 6656 86.5% (84.1

*"possibles” excluded
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5.2.1. Gender (Table 18): For males reporting completeness was 87.1%, for
females 76.7% (84.7% and 74.9% when "possible"” links were added to DCOs).
This difference was less in Quebec than it was in the rest of Canada.

Gender " as DCO in brackets
== 73.4.670) 93.3 sT1en)
= 70.0 67.0) 862 76.7 (74.9)

Total: e 73.0 (670 93.1 86.5 (84.1
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5.2.2. Province of Residence (Table 19): Reporting completeness for ACRSS by
province of residence was highest in Ontario (94.4%) and Alberta (95.0%),
lowest in Quebec (73.0%), P.E.I. (71.4%), and New Brunswick (75.9%).
Reporting completeness in Quebec dropped from 73.0% to 67.0% when
“possible" matches were counted as DCO cases. Much smaller changes were

seen in the other provinces in the sensitivity analysis as seen in Table 19.

Table 19 - Reporting Completeness by Province of Residence ("possibles” as DCO in
brackets

j
i
i

il

920 92.0 (92.0)
93.3 93.3 (93.3)
75.4 75.9 (74.1)
714 1.4 (71.4)

73.0 (67.0) 730670) |
94.3 044(939) |
884 ss4@84) |
925 25@25 |
94.9 95.0 (93.2)

925 92.6 (92.2)
0 0(0)

100.0 100.0 (100.0)

217 21.7@1.7)

93.1 86.5 (84.1
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5.2.3. Year of Death (Table 20): Reporting completeness by year of death
decreases in the most recent years but this may be due entirely to reporting

delay. This does not rule out an increase in underreporting also occurring.

Year of Death
" 100.0(100.0) 80.0

100.0 (100.0) 812 !
912 (912) 07.7 948048 |
912 (91.2) 959 94.4 (93.8) {
815 (80.8) 948 90.0 (89.7)
80.4 (76.6) 937 894677 |
77.7 @4.1) 048 887873 |
75.7 72.) 949 882(864) |
70.9 (65.8) 93.1 854832 |
62.7 (54.7) g25 832 (802)
68.9 (56.8) 909 84.4 (80.4)

73.0 (67.0 93.1 86.5 (84.1
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5.2.4. Community Size at Death (Table 21): Reporting completeness by
community size at the time of death appears to be lower in smaller communities.
For example, reporting completeness when death occurs in census metropolitan
areas (CMAs) of between 9,000 and 100,000 people is only 77.4% compared to

86.5% in a CMA of over 1,000,000 population size.

Table 21 - Reporting Completeness by Community Size at Death ("possibles” as DCO in
brackets

94.9
771.7 (75.9) 924 89.0 (87.9)
66.2 (65.0) 912 88.3 (88.0)
$9.0 (56.4) 836 774 (75.7)
73.7 832 804 78.8 (75.3)

73.0 (66.9 93.1 86.5 (84.1



Cumulative cohorts of reporting completeness were calculated to examine the
effect of reporting delay. The resuits are shown in Table 22 on the following

page.
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870 | 876 | 893 | 923 | 930 | 940 | 940
863 | 883 | 912 | 915 | 923 | 934 | 937
858 | 872 | 907 | 912 | 923 | 934 | e36
852 | 885 | 902 | 907 | 922 | 927 | s29
838 | 866 | 895 | 901 | 915 | 918
831 | 880 | 888 | 894 | 910 | o1.1
838 | 878 | 886 | 900 | 905 | 908
838 | 877 | 882 | 897 | 901 | 902
858 | 883 | 888 | 905 | 906 .
873 | 885 | 893 | 906 | 907
870 | 882 | 896 | 800 | 902
= 880030 869 | 877 | 894 | 896 | 898
=88123F==| 769 | 847 | 879 | 882 | 897 | sos
9033122 857 | 876 | 884 | 895 | 896
855 | 873 | 89.0 | 895 | 897
858 | 87.1 | 889 | 89.3 | 89S
79.7 | 865 | 870 | ss9 | 89.1
808 | 853 | 867 | 884 | sse
792 | 852 | 873 | 883 | 886
790 | 850 | 873 | 884 | 888
819 | 848 | 873 | 880
789 | 846 | 868 | 875
799 | 847 | 867 | 87.3
781 | 844 | 867 | 87.1
784 | 852 | 867
797 | 857 | e67
805 | 857 | ses
)| 803 | 858 | 865
921231="| 810 | 8ss
b(slope):-| 008 [ 005 | 001 | -001 | -001 | -004 | -010 | -.023 [ -014
Chisq~ ] 9052 | 4761 | 289 | 93 | 193 | 356 | 734 [ 1003 | 43
value~ | 000 | 000 | 089 | 33 | 16 | 059 | o007 | 001 | .51
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Each column is graphed to examine the reporting completeness over time.
These charts are found in Appendix C as Charts 1 to 9. There is a trend to
increased reporting completeness in the first year after death certification of
AIDS as the date of death certification becomes more recent. For example,
84.3% of AIDS deaths that had occurred prior to the end of 1985 were reported
to ACRSS at one year after death certification. By comparison, 86.5% of AIDS
deaths that had occurred prior to the end of 1989 had been reported to ACRSS
one year after death certiﬁcztioﬁ. This trend to improved early reporting was
statistically significant using chi square for trend. Late reporting, on the other
hand, shows a statistically significant decrease in years six and seven after the
death certification of AIDS (chi square for trend p=.007 at 6 years, p=.001 at 7
years). For example, reporting completeness six years after death certification
" dropped from 93.0% for the cohort which died prior to December 31, 1985 to
89.8% for the cohort which died prior to September 30, 1988. These
calculations were repeated with "possible” cases transferred from the linked file

to the DCO file as shown in Table 23 on the following page.
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e e

83.9
83.0

84.1 . }

836 | 851 | 863 | 900 | %04 | 918 | 823 [ e25
818 | 836 | 865 | 892 | 898 | 912 | 915

817 | 827 | 876 | 882 | s89 | %05 | sos

809 | 833 | 872 | 879 | 693 | 899 | s0.1

806 | 830 | 868 | 673 | es8 | 891 | 893

807 | 850 | 874 | 878 | 895 | 8ss .

805 | 865 | 876 | 884 | 8.7 | 8938

811 | 861 | 872 | 885 | 8s.0 | 891

809 | 859 | 866 | 882 | e84 | 887

837 | 868 | 87.1 | ss6 | 887

846 | 865 | 872 | 882 | 883

844 | 862 | 878 | 882 | s34

847 | 860 | 877 | ss0 | 882 |
853 | 858 | 876 | 878 1
841 | 855 | 870 | 873

840 | 859 | 869 | 672

836 | 858 | 869 | 873

835 | 858 | ees

832 | 852 | 859

831 | 850 | 856

827 | 849 | 853

834 | s4s

838 | &47

835 | 844

835 | 842

835

002 | -002 | -003 | -004 [ -007 | -013 | -026 | -014
637 | 533 | 951 | 952 | 845 | 1203 [ 1216 | 37
011 | 021 | 002 | 002 | .004 | 0005 | ooos | 54
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These are graphed in Charts 10 to 18 of Appendix C. These calculations
showed significant increases with time in reporting completeness up to one year
after death certification followed by decreases in reporting completeness at
years two to seven after death certification.
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5.4. Non-reporting Rates
The one year non-report rates were in the 27 to 30% range in the late 1980s as
shown in Table 24. The results for 1991 are lower but this may be due to large
numbers of this cohort being alive. This would lead to error in the capture-

recapture calculation and hence this result is likely to be less valid.

Table 24 - 1 Year Non-re Rates

Yeac [ —Cow | HigR [ACRSS | Hefot | twear—— | fyear
= ———:% =0
1 0
6 0 1.000 1.000
9 0.889 0.889
24 14 0.400 0.400
62 43 0297 0292
160 124 0222 0217
360 277 0228 0223
663 613 430 0287 0276
992 897 631 0279 0268
1 1162 1195 1084 730 0.305 0.296
| 1989.:] 1387 1452 1271 848 0.305 0.291
[ 1980.5] 1516 1603 1305 814 0.324 0.306
1991 =) 1700 1892 1357 874 0.284 0.255

Two year, three year, and five year non-report rates are approximately 15%, 8%,
and 5% in the late 1980s respectively as seen in Tables 25 to 27 on the

following pages.



Table 25 -2 Year

HEIN

Rates

86

1.000

1.000

25

18

0.240

0.240

49

0.203

0.200

166

137

0.142

0.139

372

301

0.162

0,159

663

613

0.196

0.189

992

897

741

0.164

0.157

1195

1084

0.162

0.157

1452

1271

1078

0.139

0.133

1603

1305

1054

0.166

0.157

0.667

0.444

25

0.200

65

0.188

166

0.117




372

360

336

0.065

613

S75

0.057

897

0.037

0.035
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As information on risk group and age group at diagnosis is not present on death
certificates, reporting completeness could not be calculated for these variables.
However, the linked file was found to be representative of the overall ACRSS file

in terms of risk and age group.

Sources of variation considered were those due to record linkage, capture-
recapture, and sampling error. Sensitivity analysis was used to account for the
possible error due to record linkage. Error due to capture-recapture would be
small due to the large numbers involved. Sampling error was not believed to be
a major source of error due to the large proportion of the population captured by

both ACRSS and CMDB.

Date of onset of AIDS was earlier in the linked file compared to the ACRSS file
by nine to twelve months. Survival time was shorter by less than 3 weeks.
These findings are in keeping with a “death bias". Those AIDS cases which are
linked to a death certificate are more likely to have developed AIDS earlier in the
epidemic. The earlier onset of disease is expected as those with recent onset
have not died yet. The difference in survival time is not substantial but this may
be due to a bias to those with more severe disease (who therefore have died).”™

It is more likely that the longer survival time in ACRSS is due to the presence of
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a slightly later cohort which leads to both improved treatment and lead-time bias
through earlier diagnosis. A shorter survival time found in those reported after
death compared to survival in the overall file has also been noted in the UK®.
Some possible causes for this may be physicians attempting to minimize the
reporting delay of the case by systematically cﬁoosing more proximal dates of
onset, underestimation of time of survival through failure to review the medical
chart, or truly more severe disease such that the physician is more concerned

with the medical care of the patient than taking care of an administrative matter.

Reporting completeness overall was between 84.1 and 86.5%. This variation is
due to "possible" links being included as definitely linked cases or DCOs. This
is surprisingly good for a passive surveillance system. This estimate of reporting
completeness is more likely to be an underestimate than an overestimate as we

tried to err on the conservative side in our matching.

Reporting completeness by gender, province of residence, year of death, and
size of community are discussed below. Results quoted are for reporting
completeness with the "possibles” included as links since the variation due to

"possibles” is minor for the purposes of this discussion.

6.1.1. Gender: The proportion of females was slightly higher in the ACRSS file at

5.9% compared to 5.2% in the linked file as females made up roughly 10% of the
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DCO file. The lower reporting completeness in females at 77% versus 87% in
males appears to be due to two causes. It is clearly lower in Canada outside
Quebec at 86.2% versus 93.3% for males. This has been noted by Calzavara in
Ontario®. The lack of initials in Quebec since November 1990 limited our ability
to link. Therefore, this finding may partially represent failure to link rather than
failure to report AIDS. As Quebec has 49.7% of all female cases of AIDS but
only 29.7% of total cases?', low reporting completeness in Quebec will have a
disproportionate effect on the résults for all of Canada. The cause of low
reporting completeness in females is unknown. One possibility is that males
with AIDS tend to belong to a distinct social group who seek care from a select
group of physicians. These physicians have a lot of experience with AIDS
patients and hence may be more familiar with the AIDS reporting mechanism.
Females with AIDS may seek care from physicians throughout the community

with less experience with AIDS.

6.1.2. Province of Residence: Reporting completeness by province varied from a
high of 94% in Ontario to a low of 71% in PEl. Although the resuits were high in
Ontario, there may be a lack of independence of the two data sources as death
certificates have been used to trigger the reporting of AIDS cases. This resuit
can be contrasted with the 75% found by Johnson et al in Ontario between 1985
and 1987 at which time death certificates were not being used to remind

physicians to file AIDS case reports.'®* New Brunswick and Quebec have
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reporting completeness of 76 and 73% respectively. The low resuits in Quebec
may be partially due to confounding by failure to link due to the lack of initials. It
is clear from the Quebec reporting completeness resulits that the problem with
low reporting occurred even before 1990 when the problem with lack of initials
intensified. There is a problem with failure to link with Quebec data, but there is
also a failure to report. There is no other comparison data for Quebec other
than the abstract by Remis et al which estimated "relatively complete" AIDS case
reporting in Quebec based on aggregate comparison of the number of death
certificates with projected AIDS mortality in 1987 and 1988." The result of 92%
in B.C. is close to that found by Le et al of 88% in the linkage done between the
BC AIDS Registry and members of the Vancouver Lymphadenopathy-AiDS

Study?.

6.1.3. Year of Death: Reporting completeness by year of death shows a decline
in the 1990s but these values of 83 to 85% do not take reporting delay into
account. A number of DCO cases will be reported assuming the median
reporting delay remains at 9 months or longer. This decline alone cannot be

taken as evidence of decreased reporting completeness.

6.1.4. Community Size at Death: Reporting completeness by community size at

death showed a decrease as the size of the community decreased. This differs

from the findings of Jones et al in South Carolina where those physicians
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practicing in large urban centres were less likely to report.“ This is unlikely to
be due to failure to link as record pairs with geographic locations with small
population size were easier to match. The decreased reporting in our study may
be due to unfamiliarity of physicians in smaller centres about the reporting
mechanism and possibly the increased concem of the social impact of contact
tracing in small communities. As the reporting of AIDS cases occurs through the

same authorities that are responsible for contact tracing, this could provide a

.

disincentive to reporting.

As noted earlier, by comparing reporting completeness at equivalent times after
the year of death certification, trends in reporting delay and underreporting can
be seen. There is a trend to improved reporting completeness within the first
year after death certification. This may be due to a decrease in reporting delay
or an increase in survival time (increased survival will allow more time for
reporting between the time of diagnosis and death). There is also a trend to
decreased reporting completeness 6 to 7 years after death certification. It is
possible that increasingly long reporting delays may be responsible for this
change but it seems unlikely as survival to 5 years is very uncommon with AIDS.
If death does not trigger a case report, it is improbable that the case will be
reported unless a death certificate review brings it to the attention of provincial

health authorities. It would appear that if a case of AIDS is not reported 2 to 4
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years after onset, it is becoming less likely that it will ever be reported.
Increased survival time should lead to higher reporting completeness as the total
time between diagnosis and a set period of time after death should increase so
this should not be a factor. Therefore, it appears that underreporting (ie
reporting incompleteness when corrected for reporting delay) at 5 years is
increasing by 0.4 to 0.7% a year. The reasons behind this deterioration in
underreporting can only be postulated. AIDS is no longer a novel condition such
that some "reporting fatigue" is .probably occurring. Patients with AIDS are often
cared for by a small group of family physicians with previous experience with this
disease. This group may be overwheimed with the workload such that reporting
is forgotten. It seems clear that qualitative studies are needed to assess the

causes of reporting delay and underreporting, if they are ever to be improved.

6.3. Non-reporting Rates

The advantage of calculating non-reporting rates is that the timeliness of
reporting is emphasized and comparison can be made with resuits elsewhere (at
least in the UK at the one year mark). Regardless of whether the case is
eventually reported, a time-based non-reporting rate illustrates that the
information was not available within a useful period of time. The concept of
reporting completeness could also be used if a time period was specified as is
done with cumulative incidence. Non-report rates as reported in Tables 24 to 27

are listed by year of diagnosis. These are estimated as the date of onset for
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DCO cases had to be estimated based on median survival in ACRSS and the
linked file. The resuits for 1990 to 1991 are likely underestimates as some of
these deaths would not have occurred by December 31, 1992. However, the
one year non-report rates of the late 1980s of 27 to 30% compare favourably to
the 28% found by Williams et al for 1989-1990 in a central London district.”
Note that the UK does not have compulsory AIDS reporting. One could argue
that Canada also does not have compuisory reporting as action is never taken
against individuals who fail to report despite AIDS being a reportable diSease.

There are two sources of possible bias in this study, those due to assumptions
required for the use of capture-recapture methods and bias due to the use of

~ death certificates as the secondary data source.

6.4.1, Capture-recapture
One of the required assumptions is that the population is a closed one. While

there would be no losses from either of the two databases, new entries were
made constantly to ACRSS up to September 1994 and to CMDB up to December
31, 1992. The resuits of this study do not extend beyond 1992 so effectively the
population was right censored as of the end of 1992. The addition of new
entries to ACRSS with time made possible the calculation of underreporting by

following cumulative death cohorts over time. The assumption of independence
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of databases is not considered to be a problem when the capture rate is high as
it was in this case for both databases.® > As noted earlier, there is conflicting
evidence from the literature showing both positive and negative dependence
between death certification and AIDS notification in the UK and US.**' The
lack of independence in Ontario specifically was considered in the interpretation
of the results. As noted in the introduction, there is no other data source to allow
a true test of independence by means of log-linear modelling or other
techniques. Finally, one must éssume that the capture history is accuradte, that
individual identifiers will not be lost or overlooked. This was a problem due to
the paucity of overiapping variables. The use of “possible” matches introduced
this uncertainty into the results. We tried to be conservative in our matching
otherwise such that the overall reporting completeness is likely to be an

underestimate.

6.4.2. Error Due to the Use of Mortality Records

These sources of bias were discussed in the introduction. They will be

considered in turn:

1. Not all patients die from AIDS. As noted previously, a U.S. study showed
that less than 3% of all deaths in people reported with AIDS are due to
other causes. This would be less than 6% in Canada as some of these
cases were diagnosed on the basis of CD4 counts which are not in the

Canadian surveillance case definition. This was partially compensated by
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the use of a linkage program with independent weights from a number of
variables. Although the cause of death weighed highly, there were 142
high quality matches with weights over 200 which were certified as due to
other causes (AIDSFLG 3 or 5). Deaths due to causes such as motor
vehicle accidents were successfully linked in provinces other than
Quebec. Matched pairs with less favourable composite weights were
further examined by pulling the full death certificate so that antecedent
and associated condition.s could be checked.
Not all deaths from AIDS are coded as AIDS. The use of the AIDSFLG
coding allowed the consideration of opportunistic infections and
neoplasms as well as less common AlDS-associated conditions to be
considered. Ideally, one needs all the diagnoses on death certificates to
be in electronic format. Statistics Canada is in the process of taking this
action but this will not be available for some time.
Physicians may intentionally complete certificates inaccurately. This was
a potential problem which could not be assessed as this would require
access to clinical records to quantify. A local survey was considered to
be of no benefit as Ottawa-Carleton has an atypical record of AIDS
reporting.
Physicians may complete death certificates inaccurately due to a lack of
understanding of the form (eg. certification of death as due to “cardiac

arrest”). This was seen to be a problem in links which were matched on
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the basis of other overlapping fields. It is likely that other links were
missed due to this problem when there were errors in other fields such
that the composite weight did not lead to verification of death diagnosis
with the full death certificate.
The lack of independence between ACRSS and the CMDB in Ontario was
a problem which was accounted for in the discussion of results.
Apparently ACRSS cases which were produced in response to a death
certificate were flagged il;l Toronto but it is unclear how many of these
cases would have been reported in the absence of intervention. There is
insufficient information on a death certificate alone to allow completion of
an ACRSS report form.
Some Canadians with AIDS die in other countries. We had 23 deaths
from outside Canada, 18 were DCO and 5 linked. Nearly all of these
were from the U.S. Most American states forward death certificates back
to Canada, those include New York and California. This would not be
expected to be a large source of error.
The results clearly show a selection bias or "death bias" as linked cases
were diagnosed earlier than those on ACRSS overall. Survival was
minimally shorter and probably of no importance. If there had been a
dramatic change in the pattern of AIDS in Canada as occurred in the U.S.
(increase in IDU), this bias may have been significant. In the absence of

a profound change in AIDS epidemiology?, the resuits of this linkage are
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valid aithough the cases were diagnosed earlier than most in ACRSS.
There may be a concern that the measurement is of underreporting of
death due to AIDS and not underreporting of AIDS. It is clear that
underreporting of death to ACRSS is not unimportant - 10.5% of the
linked file were listed as alive on ACRSS. However, this situation was
known although not quantified at the time of the linkage. Vital status and
date of death were only two of the fields compared. A good match on the
other fields generally led -to a successful link.

Insufficient data (eg lack of full names) on the two databases made
linkage difficult, especially in the province of Quebec. There is no doubt
that the low reporting completeness calculated for that province is
partially due to failure to link rather than failure to report. Unfortunately,
this situation will only become worse with the passage of time. This
raises the question of where one sets the balance in protecting the
individual while attempting to protect the general public by monitoring
changes in AIDS epidemiology.

AIDS on the death certificate may not meet the case definition required by
the surveillance system. This may have been a problem with the earlier
case definitions but would be less of a problem at present. Without doing
a chart review, this source of bias cannot be quantified. It seems unlikely
that physicians would certify AIDS as the cause of death in the absence

of good clinical evidence due to the social stigma associated with this



929

disease.

In summary, there are numerous sources of potential bias in this study. These
were minimized as much as possible through careful linkage. The error induced
due to these forms of bias cannot be quantified, however the emphasis on
conservative matching would suggest that the reporting completeness estimates
presented in this paper would be underestimates rather than overestimates.
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1. CONCLUSIONS
Reporting completeness to the AIDS Case Reporting Surveillance System is
about 85% which compares well with that seen in other countries. Reporting
completeness is lower for females than males. .Reporting completeness varies
by province with Quebec, PEI, and New Brunswick having the lowest rates of
reporting. Alberta and Ontario have the highest rates of reporting. Those who
die in smaller communities are less likely to be reported. Reporting
completeness decreases slightly during the 1980s. The most important finding
is the trend to increased underreporting with time which is seen when the effect
of reporting delay is controlled for in the analysis. One year non-reporting rates
are comparable with those seen in the U.K. Future validations of reporting
completeness will become more difficuit in Quebec due to the lack of initials on

" their dataset.

The causes of incomplete reporting will only be elucidated with some qualitative

investigation.
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APPENDIX D
Sequence number assi;ned by STC
DUPFLAG Flags possible duplicate records
SASDOB SAS date of birth '
SASDOD SAS date of death
r LTONSET Date of diagnosis of last onset (YYMM)
APROV2 Attributed province (vital STC codes)
CPROV2 Province of residence (vital STC codes)
| oerovz Province of diagnosis (vital STC codes) i
| ermeL2 Country of birth using STC codes
CCITYA City of residence by name
DCITYA City of diagnosis by name
HCITYA City of hospital by name
CSGC86 City of residence by SGC86 code
DSGC86 City of diagnosis by SGC86 code
HSGC86 City of hospital by SGC86 code
CSGCo1 City of residence by SGC91 code
DSGC91 City of diagnosis by SGC91 code
HSGCo1 City of hospital by SGC91 code
POSTAL3 FSA postal code (Ontario only)
SASLAST SAS date for last onset
POCKET Number of pocket value
POCKET1 Pocket (block) for the first pass: birth date (YYMMDD)
POCKET2 Pocket value for the second pass: death date (YYMMDD)
POCKET3 Pocket value for the third pass: last initial, first initial, birth year (LFYY)
POCKET4 Pocket value for the fourth pass: last initial, birth month and day (LMMDD)
POCKETS Pocket value for the fifth pass: last, first, death year and month (LFYYMM)
.




108

ACRSS File
Hemits et -t e o e e s =
: =: ZIName—= Tt
SEQUENCE # ASSIGNED BY STC DUPFLAG DUPFLAG =1’
EPICNO ID#, ASSIGNED BY LCDC PROVIO (D#, ASSIGNED BY PROVINCE
LAST LAST INITIAL OF NAME FIRST FIRST INITIAL OF NAME
SECOND MIDDLE INITIAL OF NAME SEX SEX
FuLLDOB FULL DATE OF BIRTH (YYMMDD) BIRTHYR YEAR OF BIRTH
SASDOB SAS DATE OF BIRTH SASDOD SAS DATE OF DEATH
FULLDOD FULL DATE OF DEATH (YYMMDD) VITSTAT WVITAL STATUS
APROV ATTRIBUTED PROVINCE CPROV CURRENT PROVINCE OF
RESIDENCE
DPROV PROVINCE OF DIAGNOSIS ccIry CURRENT CITY OF RESIDENCE
pcry CITY OF DIAGNOSIS HOSPCITY CITY WHERE HOSPITAL LOCATED
COUNTRY COUNTRY OF BIRTH IMMDATE DATE OF IMMIGRATION (YYMM)
FTONSET DATE OF DIAG OF EARLIEST LTONSET DATE OF DIAG OF LAST ONSET
ONSET(YYMM) (YYMM)
DIAG1 DIAGNOSIS 1 DIAG2 DIAGNOSIS 2
DIAG3 DIAGNOSIS 3 DIAG4 DIAGNOSIS 4 II
APROV2 ATTRIBUTED PROV (VITAL STC CPROV2 PROV OF RESIDENCE (VITAL
CODES) CODES)
DPROV2 PROV OF DIAGNOSIS (VITAL STC BIRTHPL2 COUNTRY OF BIRTH (STC
CODES) CODES)
CCITYA CITY OF RESIDENCE - NAME DCITYA CITY OF DIAGNOSIS - NAME
HCITYA CITY OF HOSPITAL - NAME CSGC8o6 CITY OF RESIDENCE - SGC86
CODE
DSGC86 CITY OF DIAGNOS!S - SGC86 HSGCB6 CITY OF HOSPITAL - SGC86 CODE
CODE
CSGCOt CITY OF RESIDENCE - SGC91 DSGCY1 CITY OF DIAGNOSIS - SGC91
CODE CODE
HSGCO1 CITY OF HOSPITAL - SGC91 CODE POSTAL3 FSA POSTAL CODE (ONTARIO
ONLY)
YREC YEAR RECEIVED YRDIAG YEAR DIAGNOSED
SASLAST SAS DATE FOR LAST ONSET POCKET # 8 POCKET VALUE (#=POCKET
NUMBER)
POCKET1 POCKET1 VALUE: BIRTH POCKET2 POCKET2 VALUE: DEATH DATE
DATE(YYMMDD) (YYMMDD)
POCKET3 POCKET3 VALUE: LAST, FIRST, POCKET4 POCKET4 VALUE: LAST, BMMDD
8Yy
POCKETS POCKETS VALUE: LAST, FIRST, FILLER

DYYMM




information = Sty

Tt D

DUPLICATE FLAG

Il SEQUENCE SEQUENCE NUMBER OTHYEAR DEATH YEAR
IL DTHPROV PROVINCE OF DEATH REGISTRATION NUMBER
NYSHUS NYSHS CODE OF SURNAME SURNAME (LAST=1ST LETTER)
GIVEN1 FIRST GIVEN NAME(FIRST=1ST 2ND GIVEN NAME
INITIAL) (SECOND'=2ND INIT)
" BIRTHYR :leH YEAR EG:19QOROIF BIRTH YEAR EGS42
BIRTHMN BIRTH MONTH BIRTHDY BIRTH DAY
Il SEX SEXCODE (1.2 MARSTAT MARITAL STATUS (1-5)
" BIRTHPL B8IRTH PLACE CODE DTHPLACE PLACE OF DEATH (CITY)
OCCNTY OCCURRENCE-COUNTY OR occuLocC OCCURRENCE-LOCALITY
CENSUS DIV
" RESPROV RESIDENCE - PROVINCE RESCDIV RESIDENCE - COUNTY OR
CENSUS DIV
RESCSUB RESIDENCE-LOCALITY OR FATHNAM FATHER'S NAME
CENSUS SuBD
AIDSFLG AIDS FLAG OF CAUSES (1-5) CAUSE CAUSE OF DEATH - ICD CODE
DTHDATE DEATH DATE (YYMMODD) SASDOD SAS DATE OF DEATH

SASDOB

SAS DATE OF BIRTH

POCKET

PASS I POCKET VALUE
1

st
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Death date on CMDB is compared to the dates of first and last onset, year of ’

immigration, and death year from ACRSS. Itis expected that the death date
of CMDB is greater or equal to the dates on ACRSS.

Checks for level of agreement on birth year in both files. ;

Age at death is calculated using birth year and death year in CMDB, likelihood
of death at each age is incorporated into weight.

Checks for level of agreement on birth month in both files.

Checks for transpasition of day and month of birth.

Checks for agreement of date of death if present on both records.

Identifies links with no names and having date conflicts via rule YLKA.

!
l
Checks for level of agreement on birth day in both files. /

Checks for agreement of first initial of surname or father's surname.

Checks for agreement of initials and transposition of initials on both files.

Checks for agreement of place of diagnosis, city of residence, and hospital
location on ACRSS to place of death and place of residence on CMDB. It
determines the best agreement.

Same as RESID1 but determines second best agreement.

Checks for agreement of city of diagnosis, city of residence, and hospital city
on ACRSS with city of death on CMDB.

Checks for agreement on country of birth. i

Additional weight given for causes of death indicative of AIDS.

Checks for agreement of the first recorded diagnosis in ACRSS with cause of
death on CMDB.

Checks for agreement of the second recorded diagnosis in ACRSS with
cause of death on CMDB.

Checks for agreement of the third recorded diagnosis in ACRSS with cause of
death on CMDB.

DIAG4 - —

Checks for agreement of the fourth recorded diagnosis in ACRSS with cause
of death on CMDB.

The following rules did not contribute weighting to the matches: VITSTAT, APROV, CANCEL,
PASS, and REGNO.
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Table 5 - Results of Manual Review of 10% of Males with Initiais Match (n=S11

A g

= =

== . e ==
79.1 79.1
37 3.7(?2DC)
a7 3.7(?24DC)
25 2.5(21DC)
16 12 04 75%
06 06 100%
06 - 04 02 67%
06 0.2 04 33%
06 02 04 33%
04 04 100%
06 02 0.4 33%
06 02 02 02 33%
06 02 0.4 33%
06 06 0%
06 06 0%
10 02 06 0%
0] 1.0 1.0 0%
-81-(-100)= 18 02 16 0%
‘Total ==| 100.0% of 511 92.8% 3.3% 3.9% 92.8%

DC indicates death certificates wouid need to be pulled to confirm "probable” status
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Table 6 - Grouping of "Pessible™ Matches

males with initials

| Peiilr Y o Ty Sreiamas
= S Amae
' -t = < et veres

DOD missing
first initial match but not the second

2

DOB non-match
DOD match

iniials match

low prevalence city

DOB non-match
DOD match

initials match

high prevalence city

DOB match
DOD match
initials non-match

DOB different but possible
DOD missing
initials match

born outside of Canada

DOB partially missing (unusual)
DOD match
initials match

DOB match
DOD non-match
initials match
AIDSFLG 3 _
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Table 2 - Estimate of Total Numbers of AIDS Cases by Year of Diagnosis using Overall
Survival Times Estimated for DCO Cases and "Possibles” with Linked File
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Reporting Completeness at end of Year of Death - "Possibles” as Linked

Chart 1
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Reporting Completeness at Year 1 - "Possibles” as Linked

Chart 2
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Reporting Completeness at Year 2 - "Possibles"” as Linked

Chart 3
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Reporting Completeness at end of Year of Death - "Possibles” as DCO

Chart 10
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Reporting Completeness at Year 1 - "Possibles” as DCO

Chart 11
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Chart 12: Reporting Completeness at Year 2 - "Possibles” as DCO
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APPENDIX D

Sekar-Deming Test for Independence
The correlation coefficient r is calculated as follows:

r=8,2/S,8;=(T NP, ®-p,lIp.*-p.1)/S,;S, TN,

N=number of cases in that stratum
p,®=probability of CMDB detecting a case in that stratum
ps=probability that CMDB detects a case

=YNp /LN,
p,®=probability of ACRSS detecting a case in that stratum

p,=probability that ACRSS detects a case .
=YNp, TN,

S,=square root of (TN{p,®-p,F)/IN,

S,=square root of (Y N{p,"-p,F)/Y N

Both data sources and the linked file were stratified by year of death.
Calculation of N; is shown below:

Table 1 - Reporting Completeness of CMDB By Year of Death
i = e e Bl

arof | Cnked ()| EACRSSE|=n. (O] —DCK

Calculation of the numerator and denominator are shown on the next page.



0.9441 0.0040 | o0.1011 185.36 0.0750
0.9000 00199 | 0.0773 38222 -0.5864
0.8944 00014 | 00957 591.48 -0.0798
0.8871 00191 | 0.1162 704.53 1.5632
08815 | -0.0008 | 0.0963 957.44 00747
0.8539 00040 | 00932 | 1107.8¢ 0.4118
0.8319 00075 | 00897 | 134031 -0.8956
0.8441 0.0087 | 0.1058 1520.02 1.3944

€917.77 0.7346

p,=reporting completeness for CMDB=.9617

p.=reporting completeness for ACRSS=.8645

ndence Test
oo N
0.0041 0.0166 0.0618
0.0010 0.0343 0.0319
0.0070 0.0549 0.5733
0.0063 0.0030 1.1732
0.0013 0.1506 0.4797
0.0009 0.0012 0.5252
0.0005 0.2567 0.3582
0.0003 0.0006 0.2750
09577 | 0.8539 | 0.0000 | 1107.84 | 0.0001 0.0177 0.1259
09543 | 0.8319 | 0.0001 | 134031 | o0.0011 0.0744 1.4307
¢ 09704 | 08441 | 0.0001 | 152002 | 0.0004 0.1142 0.6389
“Sum: 6917.77 0.7241 5.6739

p,=reporting completeness for CMDB=.9617

p.=reporting completeness for ACRSS=.8645
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S,=sq root(.7241/6917.8)=.01023
S,=sq root(5.674/6917.8)=.02864

r=.7346/S,S,Y N=.7346/(.01023*.02864"6917.8)=.36





