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This report provides information on the general health status and on selected health outcomes 
for populations residing in and around the St. Mary's River AOC. The compiled data compares 
the selected outcomes to the wider Ontario population. It is intended for the use of health 
investigators - e.g., public health assessors and epidemiologists, academic researchers, and 
others, who are or may be called upon to investigate health concerns in the community. This 
information can be used in conjunction with other empirical and epidemiological evidence as a 
reference to support studies assessing the health of these communities. The data could also be 
used as a baseline for future comparative analyses; or, as a hypothesis-generating tool in 
research aimed at determining risk factors associated with the selected health outcomes. 

The data and statistics presented in this report are purely descriptive. The health outcomes 
chosen for investigation were those for which environmental factors have been postulated as a 
contributing factor. NOTE that this report does not make any correlations between any 
health outcome and environmental factors found in the AOC. The data are presented as 
a general health status reference and a tool for further study. 

Statistically significant differences do not automatically imply that there is some protective or 
adverse environmental factor operating in the study area which is affecting the health of the 
population. A variety of factors could result in significantly higher or lower rates. For example, 
data collection methods, socioeconomic determinants (such as access to health care), life-style 
choices (such as smoking), or work conditions of a large percentage of the population - could all 
influence the results. Factors such as exposure, biologic plausibility, and other determinants 
must be taken into account as well. In addition (although this is unlikely), the rate could be 
different due to chance (1 and 5% possibility). 

St. Mary's River is one in a series of 17 reports. Each pertains to an Area of Concern or, in the 
case of Collingwood Harbour, a former Area of Concern. 

For a copy of this report, or any in the series, please contact: 
Great Lakes Health Effects Program 
Environmental Health Effects Division 
Health Protection Branch, Health Canada 
Jeanne Mance Bldg., 4" Floor, P.L. 1904 B 
Tunney's Pasture 
Ottawa, Ontario KIA OT6 

Questions and comments can be directed to: 

Great Lakes Health Effects Program 
61 3-957-1 876 
January 2000 
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INTRODUCTION 

Purpose of the reports 

As part of its commitment under the federal/provincial Canada-Ontario Agreement respecting 
the Great Lakes Basin Ecosystem, the Great Lakes Health Effects Program collaborates with 
numerous partners to try to identify, assess, manage, and communicate health risks related to 
environmental pollution for the nine million Canadians living around the Great Lakes. Our 
partners include other federal departments and provincial ministries, Public Health Units and 
other health professionals, academics, community organizers, Remedial Action Plan' 
participants and Great Lakes communities. 

In 1985, 17 geographical areas of Ontario were identified by the International Joint Commission 
as Areas of Concern (AOCs). The impairment of beneficial uses in these areas were, and in 
some cases still are, of concern due to problems such as contaminated sediments, degraded 
fish and wildlife habitat, restrictions on fish and wildlife consumption, and impaired beach quality. 
Remedial Action Plans (RAPS) have been set up and implemented to address these concerns. 

While AOCs differ in their environmental status, the health and well-being of the people living in 
and around AOCs is an important consideration. Since an excellent health data base and 
statistical expertise are readily available, the Great Lakes Health Effects Program (GLHEP) in 
collaboration with statisticians from the Laboratory Centre for Disease Control (LCDC) has 
taken the initiative to gather health status information relevant to AOCs and to package and 
present this information in a comprehensive format. 

We have over the years, received inquiries from concerned citizens living in and around the 
AOCs, regarding the health status of their communities. The public perception that pollution is 
affecting health is an important consideration for the GLHEP. We feel this initiative will provide 
an initial profile of human health within and around AOCs. It can also, in certain cases, help 
health assessors to allay concerns. Any new piece of the puzzle which supports research on 
human health, contributes to the overall picture of the AOC ecosystem. 

The compilation of health data and statistics provided in this report and for the other AOCs 
(including Collingwood) was undertaken to begin answering the question - What is the health 
status of people living in and around Areas of Concern? Although originally 17 Canadian and bi- 
national AOCs were identified as environmentally degraded areas in the Great Lakes Basin, 
Collingwood Harbour was "delisted" in 1995 and today there are 16 remaining AOCs. 
Collingwood was included as a study area however, because the health data being considered 
span the period of time before it was delisted as an AOC. 

1 For more information on Remedial Action Plans and descriptions of the Areas of 
Concern see www.cciw.calulimrlrapsl 



Content of the reports 

These reports are technical documents, prepared for health assessors and those involved in 
health research. They provide a reference of morbidity and mortality data which may serve as 
one piece of the larger puzzle during evaluations of the health status of the populations residing 
within and around the designated AOCs. In order to facilitate further analysis with respect to 
possible causative factors, the health outcomes included in these reports were those for which, 
based on published research, environmental contaminants have been postulated as one 
contributing factor and for which routinely collected health data were available. 

The study areas were delineated geographically so as to facilitate data collection and at the 
same time, to encompass the AOC. The nature of the data collection process resulted in study 
areas being, at times, larger or slightly different from the actual boundaries of the AOC. In 
addition there were some limitations regarding the inclusion or exclusion of Indian reserves. In 
the case of mortality data only, all reserves within the same census division had the same 
Standard Geographic Code (SGC) and therefore if one reserve was included, all others with that 
postal code had to be included. Situational decisions had to made based on issues such as 
availability of data, population levels, location and proximity to the AOC. 

The data and statistics are purely descriptive in nature. They require interpretation, taking into 
consideration numerous factors, including the function and limits of statistical significance, and 
putative factors. 

Uses of the reports 

With interpretation, these reports may be useful as: 

a support to health assessors responding to public concerns; 
a reference to support any community-driven investigations assessing the health risks, if any, 
associated with residing in and around AOCs; 
a hypothesis-generating tool for research assessing risk factors associated with the various 
health outcomes; or as, 
a baseline for future comparative analyses. 

These reports are hypothesis-generating tools which may eventually lead to inferences of 
possible causes for the health outcomes included. No conclusions can be drawn regarding the 
cause of statistically higher or lower health outcome rates for the study area population 
(compared to the population of Ontario), until much more information is gathered and research 
is undertaken. Factors such as biologic plausibility, lifestyle, exposure and other determinants 
must be taken into account. The information presented here, along with anecdotal, toxicological, 
and other empirical evidence, can provide some guidance when assessing and investigating 
community health concerns. 
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PART A: BACKGROUND INFORMATION 

1 The study area and its population 

The study area for the St.Mary1s River Area of Concern was defined by Standard Geographic 
Codes (SGCs) as described in Part A, Section 2.1. It was comprised of the following 
municipalities, with SGCs for each municipality in brackets: the city of Sault-Ste-Marie 
(3557061), the townships of Laird (355701 I), Prince (3557066), and MacDonald, Meredith and 
Aberdeen (3557051), and the Indian reserves of Serpent River 7 (3557072), Mississagi River 8 
(3557073), Garden River 14 (3557074), Spanish River 5 (3557071), Rankin Location 15D 
(3557075), Goulais Bay 15A (3557077), Gros Cap 49 (3557078), and Thessalon 12 (3557026). 
Notably, data for the population ?f the reserves were included only for cancer incidence, 
morbidity and congenital anomalies. The study area is depicted in the main part of Figure 1 and 
positioned with respect to the Great Lakes basin in the insert. 

According to the 1991 census, the populations of the study area and Ontario, as a whole were 
86,580 and 10,104,317, respectively. Thus the area population represented 0.86% of the 
provincial population. Notably, these figures give a good indication of population sizes being 
considered between 1986 and 1992, the period covered by this report. 

The age distributions of the populations for the study area and Ontario are presented in Figures 
2 and 3, respectively. In order to avoid misinterpretation of the data due to differences in age 
composition, the age differences are taken into consideration through age-standardization. This 
is described in Part A, Section 2.4 of the report. 
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Figure 2. Population Distribution of the St. Mary's River 
Study Area, 1991 
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Figure 3. Population Distribution of Ontario, 1991 
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2 Methods used in the study 

2.1 Assigning Standard Geographic Codes 

Each one of the study areas in the project was defined by Standard Geographic Codes (SGCs) 
in such a way that it encompassed the Area of Concern (AOC), or former AOC, as defined by 
the Remedial Action Plan community. Generally, any SGC that intersected with the AOC, as 
defined in the Stage 1 RAP document, was included in the study area. Standard Geographic 
Codes contain provincial, Census Division (CD) and Census Sub-Division (CSD) information 
and are equivalent designations for legislatively-determined, provincial municipalities. In addition, 
SGCs coincide with the Canadian human-health data collection process. 

Some criteria were set and, at times, decisions were made in the process of assigning SGCs to 
specific study areas. For example: 

o For mortality data, all Indian Reserves located in a CD had one SGC. If all of the 
reserves were not included in a specific AOC, a decisions had to be made, based on the 
specific situation, of whether to include or exclude all of the reserves within the study 
area. 

a When considering Census Metropolitan Areas (CMAs), because of the social and 
economic integration of the unit and because, at times, there was only unit-specific 
coding of data, municipalities designated as part of the CMA but not located directly in the 
AOC, were included in the study area. 

o Since coding inaccuracies sometimes occurred between similarly designated urban and 
rural areas (i.e. a Collingwood T designation for a study area including both Collingwood 
Township or Collingwood Town), such rural areas not designated as part of the AOC but 
adjacent to defined urban areas, were at times included in the study area. The urban 
areas were included if their Standard Mortality Ratios (SMR) for All Causes and 'all ages', 
defined as the observed deaths in the population of the rural area divided by the expected 
deaths (those in the urban area) were less than 0.75 (see Part A, Section 2.4 for a 
discussion of Standard Mortality Ratios) since such low SMRs would not usually occur 
by chance. In addition to eliminating uncertainties due to coding inaccuracies, including 
these rural areas in the study area generally reduced the uncertainties associated with 
postal code conversions to SGCs (see: Part A, Section 2.3, Hospital separations data). 

Notably, Ontario was also defined by SGCs. All provincial SGCs were considered to be part of 
Ontario, including those codes designating the study area. 

2.2 Selecting health outcomes 

The selection of health outcomes was based on the following considerations: 

a The outcome could occur as a result of exposure to environmental contaminants, 
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plausibly within the Great Lakes basin. Supporting information for this consideration was 
taken from the current literature, and outcomes were selected even when the data were 
not fully conclusive. 

e Data were available for the outcome. 

The selected outcomes which were considered in this study and which have been classified by 
1 CD-9 code according to the International Classification of Diseases2, are presented in Lists 1, 
2, and 3. List 1 contains causes of death and hospitalization, List 2, cancers as causes of death 
and disease, and List 3, congenital anomalies as indicators of birth outcomes and as causes of 
death. 

List 1 Selected Health Outcomes with ICD-9 code, as Causes of Death and 
Hospitalization 

001 -009 Intestinal Infectious Diseases 
030-041 Other Bacterial Diseases 
045-049 Poliomyelitis and Other Non-Arthropod-Borne Viral Diseases of Central Nervous System 

045 Acute Poliomyelitis 
04 7 Meningitis due to Enterovirus 

070-077 Other Diseases due to Viruses and Chlamydiae 
070 Viral Hepatitis 
0 74 Specific Diseases due to Coxsackie Virus 

100-1 04 Other Spirochaetal Diseases 
100 Leptospirosis 

120-129 Helminthiases 
240-246 Disorders of Thyroid Gland 
250-259 Diseases of Other Endocrine Glands 

250 Diabetes Mellitus 
256 Ovarian Dysfunction 
257 Testicular Dysfunction 

270-279 Other Metabolic Disorders and Immunity Disorders 
280-289 Diseases of Blood and Blood-Forming Organs 
320-326 Inflammatory Diseases of the Central N~NOUS System 

320 Bacterial Meningitis 
322 Meningitis of Unspecified Cause 
323 Encephalitis, Myelitis and Encephalomyelitis 

330-337 Hereditary and Degenerative Diseases of the Central Nervous System 
332 Parkinson's Disease 
340-349 Other Disorders of the Central Nervous System 

340 Multiple Sclerosis 

2 Practice Management Information Corporation. 1992, International Classification 
of Diseases, 9th Revision, 4th Edition, Clinical Modification, Volumes 1-2. , Los 
Angeles, CA. 834 pp. 
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.ist 1 continued ... 

343 Infantile Cerebral Palsy 
350-359 Disorders of the Peripheral N~NOUS System 

359 Muscular Dystrophies and Other Myopathies 
360-379 Disorders of the Eye and Adnexa 

369 Blindness and Low Vision 
380-389 Diseases of the Ear and Mastoid Process 
401-405 Hypertensive Disease 
410-414 lschaemic Heart Disease 
41 5-41 7 Diseases of Pulmonary Circulation 
420-429 Other Forms of Heart Disease 
440-448 Diseases of Arteries, Arterioles and Capillaries 

440 Atherosclerosis 
460-466 Acute Respiratory Infections 
470-478 Other Diseases of Upper Respiratory Tract 
480-487 Pneumonia and Influenza 
490-496 Chronic Obstructive Pulmonary Disease and Allied Conditions 

49 1 Chronic Bronchitis 
492 Emphysema 
493 Asthma 

500-508 Pneumoconioses and Other Lung Diseases due to External Agents 
530-537 Diseases of Oesophagus, Stomach and Duodenum 
555-558 Noninfective Enteritis and Colitis 
560-569 Other Diseases of Intestines and Peritoneum 
570-579 Other Diseases of Digestive System 
580-589 Nephritis, Nephrotic Syndrome and Nephrosis 
590-599 Other Diseases of Urinary System 
600-608 Diseases of Male Genital Organs 

606 Infertility, Male 
61 0-61 1 Disorders of Breast 
61 7-629 Other Disorders of Female Genital Tract 

61 7 Endometriosis 
628 Infertility, Female 

630-639 Pregnancy with Abortive Outcome 
634 Spontaneous Abortion 

640-648 Complications Mainly Related to Pregnancy 
642 Hypertension Complicating Pregnancy, Childbirth and the Puerperium 
644 Early or Threatened Labour 

680-686 Infections of Skin and Subcutaneous Tissue 
690-698 Other Inflammatory Conditions of Skin and Subcutaneous Tissue 
700-709 Other Diseases of Skin and Subcutaneous Tissue 
71 0-71 9 Arthropathies and Related Disorders 
720-724 Dorsopathies 
725-729 Rheumatism, Excluding the Back 
730-739 Osteopathies, Chondropathies and Acquired Musculoskeletal Deformities 
760-779 Certain Conditions Originating in the Perinatal Period 
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List 2 Selected Cancers with ICD-9 code, as Causes of Disease and Death 

Malignant Neoplasm of the Pharynx 
Malignant Neoplasm of Digestive Organs and Peritoneum 

Malignant Neoplasm of Oesophagus 
Malignant Neoplasm of Stomach 
Malignant Neoplasm of Colon and Rectum 
Malignant Neoplasm of Liver and lntrahepatic Bile Ducts 
Malignant Neoplasm of Gallbladder and Extrahepatic Bile Ducts 
Malignant Neoplasm of Pancreas 

Malignant Neoplasm of Respiratory and lntrathoracic Organs 
Malignant Neoplasm of the Trachea, Bronchus and Lung 

Malignant Neoplasm of Bone, Connective Tissue, Skin and Breast 
Malignant Melanoma of Skin 
Malignant Neoplasm of Female Breast 

Malignant Neoplasm of Genitourinary Organs 
Malignant Neoplasm of Ovary and Other Uterine Adnexa 
Malignant Neoplasm of the Prostate 
Malignant Neoplasm of Testis 
Malignant Neoplasm of the Bladder 
Malignant Neoplasm of Kidney, Other and Unspecified Urinary Organs 

Malignant Neoplasm of Other and Unspecified Sites 
Malignant Neoplasm of Thyroid Gland 

Malignant Neoplasm of Lymphatic and Haematopoietic Tissue 
Non-Hodgkin's Lymphoma 
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List 3 Selected Congenital Anomalies with ICD-9 code, as Birth Outcomes and Causes 
of Death 

Microcephalus and Brain Reduction 
Congenital Hydrocephalus 

Eye Anomalies 
Congenital Heart Defects 

Ventricular Septal Defect 
Atrial Septal Defect 

Circulatory System Anomalies 
Pulmonary Artery Anomalies 

748.0-748.6; 748.8-748.9 Respiratory System Anomalies 
Cleft Lip andlor Palate 
Digestive System Anomalies 

Hypospadias and Epispadias 
Urinary System Anomalies 

Renal Agnesis and Dysgenesis 
Clubfoot 

Although many health outcomes in the ICD-9 classification were selected, there were some that 
were not included in the study. Even though Mental Disorders and Neurobehavioural conditions 
could be linked to environmental contaminants, health outcome data were lacking for these 

. classifications. Symptoms, Signs and Ill-Defined Conditions as well as Injury and Poisoning 
were left out because the conditions included in these classifications are unlikely to occur as a 
consequence of exposure to environmental contaminants. 

In addition to the individual outcomes, 'all-inclusive' categories were also considered as general 
indicators of health within the study area. Notably, data from these categories can be used to 
determine the relative importance of individual health outcomes within the study area. The 'all- 
inclusive' category of All Causes included all selected ICD-9 coded health outcomes for either 
mortality or morbidity, as hospitalizations. Only this category, specifically All Causes, was 
considered for infant mortality since the small number of deaths precluded specifying individual 
causes of death. Similarly, categories termed 'All Malignant Neoplasms' and 'All Anomalies' 
included all of the selected cancers and all of the selected congenital anomalies, respectively. 

Birth weights were also selected as health indicators in the study. 

Notably, brief descriptions of the selected health outcomes as well as some of the possible 
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environmental and other causes and factors related to the occurrence of the outcomes appear 
in Appendix A. 

2.3 Gathering data 

Good quality data necessary for defining the health status of the population of this particular 
study area as well as the other areas studied in this project, were available from a variety of 
agencies for the years between 1986 and 1992 for both males and females. The origin, nature 
and limitations of the data are described below: 

Population data 
* 

The age and sex-specific population data needed for rate and ratio calculations for 
mortality and morbidity came from the Demography Division of Statistics Canada. The 
data were given at the CSD level and were based on 1986 and 1991 census information. 
For non-census years 1987 to 1990, population data were interpolated whereas for 1992, 
data were extrapolated. When there were changes in CSD boundaries between 1986 
and 1992, adjustments were made by Health Canada to ensure that only 1991 
boundaries were reflected in the population data. 

With this data, there was some uncertainty created by the process of interpolation and 
extrapolation. In addition: 

Unadjusted census data were used and no accounting was done for error due to 
undercounting. Since undercounting for non-respondents is estimated at 3% of 
the actual population with somewhat larger percentage estimates for small age 
groups, the Census data slightly underestimate the true population values. 

Some Indian reserves were not enumerated. For these, populations estimated from the 
Ministry of Indian and Northern Affairs were used. 

Live births 

Live births used for determining incidence rates for congenital anomalies were from the 
hospital separations records of the Canadian Institute for Health Information (CIHI). The 
records included both in-patient and out-patient information. Although SGCs were 
assigned to the data in a similar manner as described below in the Hospital separations 
data section, only Ontario Residence Codes (ORCs) were used in the process. 

The live births data used for infant mortality rate calculations originated from Statistics 
Canada. 
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Mortality data 

Mortality data were provided by Statistics Canada. The information included the cause of 
death (reported by ICD-9 code), the last location of residence (specified, as with the 
population data, at the CSD level), and the sex and age (or date of birth) of the deceased. 

Possible limitations existed with this data since difficulties can be encountered in 
assigning an exact cause of death. The actual category assigned often depends on the 
diagnosis made by one individual and difficulties can be encountered when multiple 
underlying causes of death are encountered, particularly in older people. 

Hospital separations data 

The hospital separations data, which were used along with cancer data to define 
morbidity or disease in the area of study, were supplied by the CIHI. The data included 
sex, age and residence information, and the diagnosis, based on ICD-9 coding, 
considered to be the main cause of hospitalization for each departing individual. When 
there were multiple underlying causes of hospitalization, the diagnosis responsible for the 
largest percentage of the stay was reported. The data were not adjusted for either 
multiple visits or for transfers between and within hospitals nor did they include visits to 
clinics, doctor's offices and out-patient departments. In addition, residence information 
was given as an ORC, and/or a postal code. The ORCs, using available mappings, were 
translated into SGCs, the codes used in the definition of the study area. When ORCs 
were not available or when the derived SGCs were not valid, postal codes were inserted 
into a pre-existing conversion program3. In this way, the most probable SGCs were 
determined. Notably, some postal codes crossed SGC boundaries and probabilistic data 
assignments were made based on the number of households in each municipality. 
When neither an ORC or a postal code was available (less than 0.5% of the total records 
for all study areas), the observations were only included in the Ontario total. 

In addition to the loss of records resulting from missing or unknown ORCs and postal 
codes, and the uncertainties introduced in the conversion of residence information to 
SGCs, other limitations could also have been associated with this data: 

The data were not totally independent since multiple visits and transfers were not 
accounted for. Thus, the data may give a higher estimate of hospital separations 
than actually exists. 

The reported cases do not include people residing in Ontario who were hospitalized in 

3 Automated Geographic Coding based on the Statistics Canada Postal Code 
Conversion file written by Russel Wilkens, Health Statistics Division, Statistics 
Canada. 
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Manitoba, Quebec or outside of Canada. Therefore, there may be unaccounted 
hospital admissions for Ontario residents. 

Ontario Residence Codes used to derive SGCs tended to group towards urban areas. 
Consequently, in relatively small study areas, this tendency could result in the 
observation being classified into a neighboring study area or into an area not 
belonging to any of the study areas. 

Cancer data 

Cancer data were from the Ontario Cancer Treatment and Research Foundation 
(OCTRF), now called Cancer Care Ontario, and each record consisted of sex, age, 
residence and a specification for the newly diagnosed cancer (incidence data) for each 
case. As with the hospital separations data, only ORC and postal codes were affiliated 
with the observation and SGCs had to be derived. For this data, however, ORCs were 
used when valid SGCs were not derived using postal code data or when such data were 
not available. Approximately 8.4% of all records did not have postal codes and 3.3% had 
neither ORCs nor postal codes. Furthermore, observations with missing residence were 
not distributed uniformly by cancer. For example, there were a large percentage of 
unknown residences in the observations for melanoma. In addition to the above 
limitations, the incidence of some cancers may be under estimated because of delays in 
reporting cases. Notably, when less than 5 observations were made for a specific 
cancer, data were suppressed in accordance with the OCTRF information release 
contract. 

Birth weight data 

Birth weight information was extracted from the hospital separations data provided by the 
ClHl (see Hospital separations data). Some uncertainty was associated with this 
information: 

A number of records, specifically 0.07% for males and 0.06% for females, had live birth 
weights of less than 400 grams. These observations were not considered to be 
valid and were treated as unknowns. Notably, the frequency of similar errors 
within the 400 and above categories is not known. 

Uncertainty was introduced as a result of missing or unknown ORCs and postal codes 
and aligning SGCs to the data, as described for the hospital separations data. 

Congenital anomalies data 

The congenital anomalies data, which included out-patient information, originated from 
ClHl and were modified, through record linkage, by the Canadian Congenital Anomaly 
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Surveillance System (CCASS). Standard Geographic Codes were assigned as 
described in the Hospital separations data section. However, only ORCs were used in 
the process. 

The estimated incidence of congenital anomalies for infants less than 1 year old having 
been derived using a probabilistic melding process, could have been affected by the 
quality of the linking variables, as well as by coding, transcribing and misclassification 
errors4. 

Infant mortality data 

Mortality data for infants less than one year old were from Statistics Canada. The main 
limitation associated with this data was previously described in the Mortality data section. 

2.4 Analyzing the data 

Statistical power, defined as the ability to demonstrate a statistically significant association if one 
exists, is a function of sample size. In order to increase the statistical power of the analyses and 
the confidence in the results obtained, data for the time period between 1986 and 1992 were 
considered together. 

Mortality and morbidity: 

The mortality, hospital separations and cancer data were used to calculate mortality, morbidity 
and incidence rates, respectively, for the study area and Ontario. Morbidity rather than incidence 
rates were determined for hospital separations because of the nature and limitations of the data 
(see Hospital separations data). Because the age-distributions were different for the two 
populations being considered (see Figure 2 and 3 in Part A, Section I), rates were adjusted to 
reflect a standard age-distribution. This procedure, termed direct age-standardization, 
minimizes possible effects due to differences in age composition when comparing data from 
different populations5. 

The Canadian population for both males and females combined, as determined from the 1991 
census, was the standard population used in the direct age-standardization process. Thus 
directly age-standardized rates (see Appendix B for an example of the formulae) are rates that 
would be observed if the population distributions were the same as the Canadian population. 

4 Rouleau, J., Arbuckle T.E., Johnson K.C., Sherman G.J. 1995. Description of 
Limitations of the Canadian Congenital Anomalies Surveillance System (CCASS). 
Chronic Diseases in Canada, 16(1): 37-42. 

5 Last, J.M., Abramson, J.H., Friedman, G.D., Porta, M., Spasoff, R.A., Thuriaux, M. 
1995. A Dictionary of Epidemiology, Third Edition. Oxford University Press. 180 
P. 
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Standardization was done for populations divided into nineteen age groups consisting of one 
group of infants less than one year old, a group of preschoolers from 1 to 4 years old, 16 
consecutive groups spanning 5- year age intervals, and a final group of elderly adults over the 
age of 85 years. For simplification in reporting, the data were combined into 5 age categories: all 
ages, 0-24 years, 25-44 years, 45-74 years, and 75+ years. 

The directly age-standardized rates for the study area and Ontario as a whole, specifically, the 
age-standardized mortality rates (ASMRs), morbidity rates (ASmRs), and incidence rates 
(ASIRs), were then statistically compared using the Z-test (see Appendix B for an example of the 
formulae). Study area rates were deemed to be either not significantly different from Ontario 
rates or significantly different, either significantly higher or lower at the pc0.01 (or pc0.05) level of 
significance. Notably, a minimum of four observations were required for the study area to yield a 
valid approximation for the comparison test. 

Difficulties arose with interpreting the results of ASmR comparisons. This was due to the nature 
of the data. As mentioned in the previous section, repeat admissions for the same cause and 
transfers between hospitals were not accounted for in the hospital separations data. 
Consequently, although the rates determined for hospitalizations for certain conditions may be 
higher in the study area compared to Ontario, this does not necessarily mean that there are 
higher rates of the condition in the study-area population. 

When there were small numbers of deaths, cases or incidence within some of the age groups 
being considered, the directly age-standardized rates were based on small numbers, and thus 
were subject to substantial sampling variation! Consequently, rates were also compared, as 
described below, using standardized ratios. This is an indirect method of comparison which 
indirectly adjusts for age differences in the study-area and Ontario populations. Although results 
are generally similar using both methods of comparison, standardized ratios yield more reliable 
results when age-group sample sizes are small7. 

Standardized ratios, specifically standardized mortality ratios (SMRs), morbidity ratios (SmRs), 
and incidence ratios (SIRS) (see Appendix B for an example of the formulae) were the observed 
mortality, morbidity or incidence in the study-area population, divided by the expected mortality, 
morbidity or incidence in the study-area population8, given that the expected rates for the study 
area are the same as those for Ontario. The significance of the ratios were determined by the 
Poisson Ratio Test using 95% and 99% confidence intervals (see Appendix B for confidence 
interval formula). Depending on whether or not the confidence intervals spanned 1, study area 

6 Friedman, G.D. 1994. Primer of Epidemiology, 4th Edition. McGraw-Hill, Inc., 
New York, NY. 366 p. 

7 Friedman, G.D. 1994. As above. 

8 Hennekens, C.H., Buring, J.E. 1987. Epidemiology in Medicine. Little, Brown 
and Company. 383 pp. 
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rates were deemed to be either not significantly different from indirectly age-adjusted Ontario 
rates or significantly different (either higher or lower) at the pc0.01 (or pc0.05) significance level. 
The length of the confidence intervals provided information as to the reliability of the ratio point- 
estimates: the narrower the confidence intervals, the more stable the estimates. Notably, the 
significance test was too sensitive when observations exceeded 10,000. 

Ninety-five percent confidence intervals are not given in Appendix C for hospital separations 
data. Results were overly sensitive, and reliable interpretations could not be made because of 
the nature of the data. In addition, for the cancer data, when fewer than 5 incidents were 
observed for a specific cancer, data had to be suppressed, as mentioned previously, and SIRS 
could only be reported as < I  .OO or >1.00. 

Examples and interpretations of age-standardized rates and standardized ratios are given at the 
end of this section in Boxes A and B, respectively. 

Birth outcomes: 

Age standardization was not required for birth outcomes data because only one age group was 
considered, specifically infants under one year of age. 

Using infant mortality and congenital anomalies data as well as live-birth information from the 
sources previously indicted in this section, age-specific mortality and incidence rates were 
calculated for the study area population. Mortality rates were then compared to Ontario infant 
mortality rates in the two ways described above. Congenital anomalies incidence rates were 
compared using the Poisson Ratio Test by determining 95% incidence intervals (see Appendix B 
for formula). Only 95% confidence intervals were used because there are many rare anomalies 
and it was considered unlikely that significant differences would be detected using 99% 
confidence intervals, especially with small sample sizes. 

Birth weight data were used to calculate birth weight distributions and mean birth weights for 
male and female infants in the study area. Mean values were statistically compared to Ontario 
means using the Z-test (see Appendix B for formula). Comparisons were also made of low birth 
weight percentages for the two populations. 


















































































































































































































