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ABSTRACT

The purpose of this epidemiologic study was to investigate the risk of colon
cancer following cholecystectomy in Alberta. Others have proposed that there is a
risk of colon cancer because removal of the gallbladder results in a continuous flow of
bile through the digestive tract, constantly exposing the colon to carcinogenic
secondary bile acids.

Record linkage of files from the Alberta Health Care Insurance Plan (AHCIP)
and the Alberta Cancer Registry was used to determine the frequency of colon cancer
in over 90,000 Albertans who received cholecystectomy between 1973 and 1993.
Different record linkage approaches were used to achieve the best possible results.
Estimates of risk in the population were expressed using standardized incidence ratios
(SIRs). Statistical significance was determined using 95% confidence intervals (CIs),
based on tables that provided limits for Poisson data. An alternative comparison
group was selected from the AHCIP, those with stripping and ligation of varicose
veins, to control for potential overestimation of the expected number of cases which
would result in underestimated SIRs.

A total of 606 colon cancer cases were found in the cholecystectomy cohort.
With the general population as the comparison group, the risk was statistically
significant under the assumption of no induction (SIR=1.09, 95% CI=1.01-1.19).
More biologically plausible induction periods of 10 and 15 years showed no increase
in risk, with SIRs of 0.92 (95% CI: 0.78 - 1.07) and 0.93 (95% CI: 0.69 - 1.21)

respectively. Males were found to have some significant increase in risk for the first



5 years of induction, while females had non-significantly low SIRs. With the
alternative comparison group, there was no significant difference in the SIRs overall
(SIR=1.10 with 95% CI=0.94-1.29, and SIR=1.15 with 95% CI=0.86-1.51 for 10
and 15 years’ induction, respectively). The patterns of the sex-specific risk estimates
were similar to those determined using the general population, but the magnitude of
the SIRs was exaggerated. However, the sex-specific colon cancer risk estimates
using the varicose vein cohort were opposite to those observed for the
cholecystectomy cohort, suggesting limited usefulness of the varicose vein cohort as
an alternative comparison group.

Concordant with previous large-sample studies, this study cannot conclude that
colon cancer risk is increased following cholecystectomy at plausible induction

periods.
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CHAPTER I. INTRODUCTION

Both colon cancer and gallstones are common diseases in Western populations.
Recently, medical scientists have been interested in determining if cholecystectomy,
the usual treatment for gallstones, puts individuals at risk for developing colon cancer.
The issue remains controversial despite numerous other studies.

Proponents of an association between cholecystectomy and colon cancer
suggest that the link between these two factors involves altered bile acid profiles and
flow."* The tumour-promoting nature of bile, especially that of secondary bile acids,
is well established." Additionally, the development of gallstones (particularly the
more common cholesterol-based stone) has also been hypothesized to be the result of
altered bile composition.”® In individuals with intact gallbladders, the colon is
buffered from the damaging influence of the bile acids, as the latter are released from
the gallbladder in response to fat in the duodenum and are diluted by other food in the
intestine. This protective mechanism is lost with the removal of the gallbladder,
because bile is released continuously. Aside from the usual caustic effect, the
composition of the bile changes to become increasingly potent. These physiologic
changes form the basis for the study hypothesis:

Individuals who have undergone cholecystectomy Jor benign gallbladder

disease have a significantly increased risk for subsequent development

of colon cancer.

The specific objectives of the study were:



L. To examine the risk of colon cancer following cholecystectomy, for both
genders combined, for both genders separately and for each tumour site (left,
right and mid-colon).

2. To evaluate the effectiveness of two types of record linkage as methods for
cohort follow-up using Alberta data.

3. To provide a statistical model for determining the profile of individuals most at
risk for developing colon cancer following cholecystectomy.

A non-concurrent cohort design was used to investigate the hypothesized
association, by following a population-based cohort of patients who had
cholecystectomy in Alberta between 1973 and 1992, in two population registries, the
Alberta Cancer Registry and the Alberta Health Care Insurance Plan registrant
database. The cohort’s incidence of colon cancer was determined using automated
record linkage, a technique shown to have great potential in cancer epidemiology.
The observed incidence of colon cancer in the cholecystectomy cohort was compared
to the expected incidence in the general population and in another insurance plan-
derived comparison group (individuals undergoing stripping and ligation of varicose
veins), using standardized incidence ratios for induction periods of 0, 1, 2, 5, 10 and
15 years.

The study design incorporated the additional comparison group (the "varicose
vein" cohort) to address concemns about bias and confounding in the disease-exposure
relationship. With the general population as the comparison group, potential bias

existed because of differing data collection methods for the numerator and the



denominator of the standardized incidence ratio. That is, record linkage was used to
determine the observed number of individuals with colon cancer, but the expected
number of individuals with cancer were based on the rate of cancer in the general
population, which did not require file linkage. By using linkage to ascertain the
outcomes for both the cholecystectomy cohort (which became the observed cases in
the numerator) and the varicose vein cohort (which became the rate base for
determining the expected number of cases in the denominator), any effect of bias that
might be associated with the determination of outcomes was minimized.

A main confounder in a study of cholecystectomy and colon cancer is dietary
fat. In this study, the role of fat was partially addressed with the varicose vein
cohort, which included individuals with an age and sex distribution similar to that of
the population with cholecystectomy. In addition, obesity, gender, and reproductive
factors (especially number of pregnancies), could also be risk factors for varicose
veins and potential confounding factors in the cholecystectomy-colon cancer
association. By comparing the risk estimates for the varicose vein cohort, the
cholecystectomy cohort, and the general population, cholecystectomy’s role in colon
cancer was assessed with some control of these other risk factors. Further
investigation of the confounding effect of fat was originally planned, based on data
collected for an unpublished colon cancer case-control study, which included
information about diet, gallbladder disease and cholecystectomy. However,
methodological problems (notably lack of a probability model to connect the case-

control sample to the cohort) led to the decision to abandon further analysis of these



data.

In summary, this study was designed to evaluate the effect of a common
treatment on a specific health outcome, using the largest population-based cohort
reported to date in the cholecystectomy-colon cancer literature. Benefits of the study
included long follow-up and the use of two comparison groups to address issues of
confounding and generalizability. In addition, the study investigated the efficacy of
record linkage in cancer research using Alberta’s administrative databases. These
features enabled the study to enhance knowledge of the effect of cholecystectomy on

colon cancer incidence and the use of administrative data in health research.



CHAPTER II. LITERATURE REVIEW

A. The Biological Perspective: Cholecystectomy and Colon Cancer

1. Cholecystectomy and the Epidemiology of Gallstone Disease

Cholecystectomy is a common procedure in the western world. In Alberta
between 1973 and 1992, over 90,000 patients underwent this operation, averaging
approximately 4,500 procedures per year. In that period, the rate of cholecystectomy
performed in Alberta varied somewhat: the age-standardized surgical rates per
100,000 population in Alberta were 282.1 in 1976, 188.7 in 1981-82, and 209.0 in
1985-86.1°

Cholecystectomy is generally performed in response to cholelithiasis, that is,
the presence of gallstones in the gallbladder. Data from the Framingham study
suggests the prevalence of gallstones in 55-65 year-olds in the United States is
approximately 10% in men and 20% in women.!" Certain other sub-groups are at
higher risk for gallstones, including North American aboriginals,'>" diabetics," and
patients with other digestive disorders such as cirrhosis of the liver'* and regional
enteritis.'*'” Additionally, there is evidence that cholelithiasis is associated with
obesity,'"'** but the relationship is not necessarily linear,'® nor is it always strongest
for the highest categories of body mass.!""* Some studies of women have reported
that the strongest association with obesity is in the younger age groups.!820%

Since a higher prevalence of cholelithiasis is found in women, the role of



hormones has also been investigated. The use of supplemental estrogens has been
associated with increased rates of cholecystectomy®**’ and there has been concern that
oral contraceptives may increase risk for gallbladder disease.** Natural exposure to
high hormone levels (as measured by multiparity), is also considered a risk factor.”

In short, epidemiologic studies have led to the "S Fs" profile of the typical
Western patient with gallstone disease: fair, fat, forty, fertile and female. In North
American and European patients, gallstones are formed mostly of cholesterol. The
other type of gallstone is composed primarily of bilirubinate, but is relatively rare
outside Asia. Contrary to the profile of risks for the formation of cholesterol stones,
risks for developing bilirubinate stones include exposure to Escherichia coli and the
presence of calcium carbonate, calcium chloride and high molecular weight organic
compounds in the bile.>!

Three mechanisms are thought to play a role in cholesterol gallstone
formation. First, bile’s ability to dissolve cholesterol may be exceeded so that
microcrystals of cholesterol precipitate from the solution. Such action produces bile
which is supersaturated due to increased cholesterol and/or decreased concentrations
of bile salts or lecithin.” It has been suggested that people who form cholesterol
gallstones have abnormal bile, with a significantly decreased total bile salt pool and
lower daily bile salt excretions.® This would lead to lower excretion of lecithin from
the liver,” which would lead to a relative excess of cholesterol in the bile. Johnson
and Kaplan noted that cholesterol stones do not always form in patients with

supersaturated bile and a second step is required for gallstone formation.> A



nucleation catalyst is needed to combine the cholesterol microcrystals into a
macroscopic stone. Although the actual gallstone growth process is not well
understood,’ candidates for the essential pronucleating agent include mucous
glycoproteins (mucin), calcium, bilirubin and small molecular weight proteins.*
Regardless of which agent is at work, patients who form gallstones have bile with a
shorter nucleation time.* Part of the reason for decreased nucleation time involves
gallbladder hypomotility, the last mechanism associated with gallstone development.
Gallbladder hypomotility has been shown to precede stone formation,**¢ and,
although it is not the primary cause of gallstones, it is likely to promote gallstone
formation.*’

The factors associated with increased risk of gallstones in epidemiologic
studies can be attributed to changes in bile that are conducive to gallstone formation.
In women, the lithogenicity of bile fluctuates during the menstrual cycle and increases
during pregnancy and high-dose exogenous estrogen therapy. Female hormones
enhance the liver’s uptake of lipoproteins, supported by animal studies showing an
increased expression of low-density lipoprotein receptors following estrogen
treatment.**° Further, Kern and Everson suggested that contraceptive steroids exert
their effect on biliary cholesterol by regulating cholesterol flow into and out of the

hepatic cholesterol pool.*

2. The Epidemiology of Colon Cancer

Colon cancer is a major public health concem in the western world. In



Canada in 1997, estimates show that 12.5% of all new cases of cancer (excluding
non-melanoma skin cancer) were colorectal cancer, for an incidence rate of 50 per
100,000 and a mortality rate of approximately 18.5 per 100,000 (rates are age-
standardized to the 1991 Canadian population).*' In the last decade, estimates of the
lifetime probability of developing colorectal cancer have been over 6% , while the
probability of dying of colorectal cancer is almost 3% %!

Various factors have been associated with colon cancer incidence, including
increasing age* or earlier birth cohort*** and increased body mass.*~* Risk factors
have been shown to vary by colon subsite.**>> However, the major focus of colon
cancer epidemiology has been on diet, with increased risk associated with high
consumption of fat (especially of animal origin)™** and low consumption of fibre.55%

The mechanisms for the effect of diet have not been completely resolved. For
dietary fat, the consensus is that a high intake of animal fat and cholesterol changes
the composition of bile acids and neutral sterols in the large bowel, thus modifying
the bacteria in the colon. These compounds are thought to be transformed into
carcinogenic secondary bile acids and cholesterol metabolites.*’~ Weisburger noted
in his review that omega-6-fatty acids stimulate the enzymes producing bile acids
from cholesterol and that bile acids have a cytotoxic effect that results in tumour
promotion in the colon.*

The protection offered by high fibre diets was hypothesized by Burkitt. %!
Fibre decreases intestinal transit time, thereby reducing the contact time between

tumour carcinogens and promoters and the mucosa and increasing the water content of



the intestinal lumen, which allows dilution of harmful substances and affects the
absorption and excretion of carcinogens and tumour promoters in the colon.
However, Dwyer and Ausman pointed out that attempts to separate the role of dietary
fibre from that of dietary fat have not been completely successful; fat is still a
potentially strong confounder in the fibre-colon cancer association.* These authors
also suggested that high-fibre diets may be low in a variety of other carcinogenic
substances, or high in protective substances.®

The connection between various dietary elements and colon cancer may
involve bile composition as the common factor. Aries and colleagues hypothesized
that colorectal cancer is caused by substances produced as a result of colonic bacterial
flora’s metabolism of a benign substrate.®* Based on the diet consumed, concentration
of the substrate, composition of the flora and metabolic activity of the flora changes
and effectively influences the amount of carcinogenic metabolite. Subsequent work
focused on bile acids as the substrates which are metabolized by the flora, producing
carcinogenic secondary bile acids (deoxycholic acid and lithocholic acid) and a host of
other carcinogenic substances including keto bile acids, sulphate esters, unsaturated

bile acids and allo bile acids.®

3. Evidence for the Association between Cholecystectomy and Colon Cancer
As noted, the growth of malignant tumours in the colon has been linked to
factors associated with composition and transit of bile acids in the bowel. Compared

to residents of developing nations, people in industrialized nations have higher
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concentrations of secondary bile acids in their feces and higher incidence of colon
cancer.*® Fecal concentrations of secondary bile acids are higher in people with colon
cancer than in people without and the association may be strongest for women (80%
of women and 65% of men with colon cancer have been shown to have high fecal bile
acid levels).” Hill suggested that the carcinogenic effect of bile acids is due to
stimulation of the growth of small benign adenomas, with a corresponding increased
risk of malignant change.® In a summary of other research, McMichael and Potter
concluded that, in the colon, higher levels of bile acids enhance epithelial cell
proliferation and tumour yield, while the concentration of secondary bile acids
influences the rate of progression of carcinogenesis.

Cholecystectomy alters the profile and circulation of the bile acids, producing
a carcinogenic environment. When the gallbladder is removed, regulation of the
transit of bile acids through the intestinal tract is lost, leading to more continuous
secretion.! A greater amount of bile enters the intestine unaccompanied by food, and
the composition of total bile acids changes because the bile acid pool circulates faster,
as there is no gallbladder to slow the process, so that bile acids are exposed to
intestinal bacteria for longer periods. This exposure leads to increased levels of
secondary bile acids that return to the liver in the enterohepatic circulation, resulting
in decreased synthesis of primary bile acids due to feedback inhibition.2®* Of note, the
excretion of carcinogenic deoxycholic acid has been shown to increase significantly.**

These effects have led to interest in evaluating cholecystectomy as it relates to

the development of colon cancer. Werner et al documented a 70% incidence of colon
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carcinomas in rodents with cholecystectomy, compared to a 16% incidence in rodents
without.®® Hickman et al found that cholecystectomy induced pre-neoplastic changes
in the murine colonic crypt.” Other animal-based studies suggested that
cholecystectomy enhances tumorigenesis in the presence of other carcinogens.”®” In
humans, the mitotic index of colonic crypt epithelium is higher following
cholecystectomy, demonstrating that cholecystectomy is associated with enhanced
proliferative activity of the colonic mucosa, which is associated with cancer
promotion.™

Several epidemiologic approaches have been used to study the effect of
cholecystectomy on colon cancer in human populations, but there is no consensus in
the published literature. A number of cross-sectional studies have been published, ™
but lack of a control group and the inability to ensure that the exposure precedes the
outcome severely limit the conclusions that can be drawn from this body of evidence.
However, it is interesting to note that two of these studies reported a gradient of
colorectal cancer risk associated with cholecystectomy, with a predilection for
tumours in the proximal colon.”” Seven autopsy studies have been published with
similarly mixed findings.”®* As with correlational studies, autopsy studies are unable
to permit causal inferences and are also frequently influenced by selection bias.
However, two of the reviewed studies reported an association between
cholecystectomy and proximal colon cancer in women. 2%

More than 30 case-control studies have been published on the topic of

cholecystectomy and colon cancer. Nineteen were hospital-based studies; of these,
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nine showed a significant association,** with three observing an increased risk of
proximal colon cancer in women.***? There are several possible explanations for
the negative findings of the remaining ten hospital-based studies,*'® including the
over-matching problems inherent in hospital controls and insufficient sample size,
leading to inadequate statistical power. In fact, the majority of the studies reporting
nonsignificant findings (7 out of 10), used fewer than 600 subjects, which may be
insufficient to detect a moderate risk, while the majority reporting significant findings
(7 out of 9), had more than 600 subjects. Of eight other case-control studies using
population controls,'®!'* only one found an increased risk for colon cancer, confined
to proximal cancer only.'* Most of the studies finding no increased risk used
colorectal cancers and not just colon cancer alone, but lower rectal cancer incidence
may obscure higher colon cancer risk in the colorectal cancer rate. The only
Canadian work published to date observed a significant reduction in colorectal cancer
risk following cholecystectomy in females.!'? There is no obvious reason for this
inconsistent finding.

Under the circumstances, the cohort study is the strongest feasible
epidemiologic design. However, the ten published cohort studies did not achieve
clear consensus, with four studies finding a significant association that was
particularly evident in women and for proximal colon cancer.!'>'' The remaining six
studies showed no association.'"'2 Null findings cannot be dismissed solely on the
basis of insufficient power due to inadequate sample size, because two of the studies

are based on a Swedish cohort of more than 16,000 subjects.!'"-!1* However, it is
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interesting to note that the study by Ekbom and colleagues is an expansion of this
cohort and with over 60,000 subjects, these authors showed a significant association
for proximal colon cancer in women 15 years following cholecystectomy.'® The
previous studies may have had insufficient power to detect this subgroup’s risk
because there were relatively few women with sufficient years at risk.

A recent Dutch study used a case-cohort approach to investigate the association
between colon cancer and cholecystectomy.'” In this approach, all cases are
combined with a subset of the remainder of the cohort; the relative risk is estimated
based on the maximum likelihood function. From an original cohort of over 100,000
subjects, almost 4,000 were included for the analysis, which demonstrated a
significant increase in risk for both men and women. In women, risk was particularly
high for proximal colon cancer.

A recent meta-analysis summarized much of the epidemiologic research.!?
Risk estimates from 38 studies (5 cohort studies and 33 case-control studies), were
pooled, with a resulting significant colorectal cancer risk of 1.21 for males 95%
confidence interval: 1.04-1.40) and 1.24 for females (95% confidence interval:
1.10-1.40). In case-control studies providing information about colon cancer subsite
following cholecystectomy, risk for proximal colon cancer was 1.88 (95% confidence
interval: 1.54-2.30), but the risk for distal colorectal cancer was not increased. In
addition, the meta-analysis reviewed several studies of cholecystectomy and colon
adenomas, concluding that there was evidence for an increased risk in colon polyp

growth (especially for women), approximately 10 years post-cholecystectomy. Given
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that polyps are generally accepted to be precursors of carcinoma in the colon, this
evidence suggests that the carcinogenic process is well established at 10 years
following surgery. It also suggests that the appropriaie time to investigate the
association between cholecystectomy and colon cancer is at least 10 years post-
cholecystectomy, to allow time for tumour formation.

Several design issues have contributed to the inconsistency of the reviewed
findings. As noted, sample size is inadequate in many of the studies, particularly
when the study group is subdivided by several factors of interest (e.g., by gender,
age, and colon subsite). Insufficient numbers lead to inadequate statistical power, so
that real differences may be obscured by chance.

The interval time between cholecystectomy and diagnosis of colon cancer is
also an issue that requires further attention in subsequent research. Short interval
times do not allow for a suitable induction period and it is likely that some tumours
are diagnosed shortly after cholecystectomy because of medical attention
(ascertainment bias). Additionally, a risk may not be observed even in studies with
relatively long intervals, such as that of Adami and colleagues,'"’"!'® because of
temporary changes that delay the beginning of the induction period. For example, if
patients decrease the amount of dietary fat consumed for a period post-
cholecystectomy, their colon cancer risk may decrease even in the presence of altered
bile acids resulting from cholecystectomy. Returning to a high fat diet could then
exacerbate the bile acid imbalance and increase risk after a delay.

The spectrum of variables investigated may have played a role in the
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inconsistency of the results. Most studies examined differences in risk associated with
colon subsite, patient age and gender, but tumour histology and stage at diagnosis
were often not considered, especially with sufficient cases in each stratum to detect
significant risk.

There has also been some evidence that galistones themselves, form the
integral step in the carcinogenic process, not cholecystectomy. The bile acid profile
has been shown to change dramatically following the development of gallstones as
well as following cholecystectomy, as is shown in Table 1. A number of
epidemiologic studies have investigated the association between gallstones and colon
cancer, with the data summarized in the meta-analysis described previously.'* A
significantly increased risk for colorectal cancer was reported following detection of
gallstones (relative risk = 1.24), with a higher risk for proximal colon cancer
(relative risk = 1.55).

In summary, a reasonable mechanism (altered bile acid composition and
circulation), has been proposed to explain an association between cholecystectomy and
colon cancer. However, the epidemiologic evidence is not consistent, largely because
of differences in study design, populations, attention to bias and confounding, sample
size and power. There is some evidence suggesting that cholecystectomy does
increase colon cancer risk, especially in the proximal colon and in women. The risk
may be difficult to detect since it is only modestly elevated, with estimates of an

increase of 20% for all colorectal cancer and almost 90% for proximal colon tumours.
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Table 1. Bile Acid Composition in Normal Patients and in Gallstone Patients
Before and After Cholecystectomy (based on data in Bouchier'® and
Almond et al*)
Bile Acid Bile Acid Composition
Normal Patients'> Gallstone Patients*
Before After
Cholecystectomy Cholecystectomy
Cholic 45% 34% 28.5%
Chenodeoxycholic 35% 43% 38.5%
Deoxycholic 15% 20% 30%
Lithocholic 5% 3% 3%
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4. Gastric Procedures as Confounders in the Cholecystectomy-Colon Cancer

Relationship

Under the altered bile acid hypothesis, the cholecystectomy-colon cancer
relationship could be confounded by certain gastric procedures. These procedures
may be performed at the same time as cholecystectomy and may independently alter
bile composition and transit. Gastric ulcer procedures involving vagotomy may alter
bile habits, potentially changing the bile acid profile'*'?’ and biliary kinetics.'?
Conversely, hiatus hernia repair (fundoplication), can involve reduced gastric
motility'** and without allowing drainage, biliary transit time may be increased. The
extent to which these procedures are performed simultaneously with cholecystectomy

is unknown.

J. Stripping and Ligation of Varicose Veins as a Comparison Procedure

An additional comparison group is useful where there are concerns about bias
or confounding in the exposure-disease relationship. Given that linkage is used to
address cholecystectomy as a risk for colon cancer, the effects of one possible source
of bias and one potential confounder may be alleviated by comparing the colon cancer
experience of the cholecystectomy cohort to that of another cohort of patients
undergoing surgery. A suitable comparison group could include individuals who have
had ligation and stripping of varicose veins. This group is more like the
cholecystectomy cohort than is the general population, as indicated by a similar age

and sex distribution.'® Further, it has been suggested that obesity (and consumption
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of dietary fat), gender and reproductive factors (especially childbirth) are risk factors

for varicose veins,"*®"*! and may also be confounding factors in the cholecystectomy-
colon cancer association. By comparing the risk estimates for the varicose vein
cohort, the cholecystectomy cohort and the general population, it should be more
feasible to assess the role of cholecystectomy in colon cancer while minimizing the
influence of these other risk factors. If the stated hypothesis is true, colon cancer will
still be more prevalent in the cholecystectomy cohort.

Using another procedure as a comparison group has the additional advantage
of avoiding bias by collecting data for the risk estimate’s numerator and denominator
in a similar way. Any bias that might be associated with record linkage can be
minimized if linkage is used to ascertain outcomes for both the cholecystectomy
cohort (contributing to the numerator as the observed number of individuals with
colon cancer) and the varicose vein cohort (contributing to the denominator as the

rates that determine the expected number of individuals with colon cancer).

B. Methods: Linking Administrative Data for Health Research

Stated most simply, record linkage involves matching records from each of
two files such that the union represents the experience of one individual. The two
files are merged such that records referring to the same individual are connected,
while records without corresponding mates remain separate, with minimal

misclassification. Each file must be arranged in individual-specific rows (records),
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with fields (variables), containing the potential identifying attributes of the individual.

The use of record linkage in the medical environment is not a novel
phenomenon, although its popularity has increased significantly in the past few years.
The term "record linkage” was initially used by Dunn 50 years ago, in a paper
describing the creation of individual "books of life" to be used for administrative and
statistical purposes.'*?

Record linkage has been used in Canadian health research largely because of
the existence of large administrative databases that support the government-run,
population-based health care insurance plans. These databases contain potential
exposure and outcome information, especially for discrete events, such as surgery.'s
Provincial and federal databases, including vital statistics registers and cancer
registries, provide additional outcome information. Recent publications have focused
on the clinical effectiveness of the Papanicolaou smear for cervical cancer,3 the
influenza vaccine'*® and breast cancer screening.”*” Health risks following tubal
sterilization'** and tonsillectomy'*® have also been investigated. Mortality in certain
occupational cohorts has been ascertained using linkage, notably synthetic textile
workers,"* petroleum industry employees™*! and uranium miners. '

In times of economic restraint, the main advantage of record linkage is its
cost-effectiveness. The greatest efficiency gains occur when large, routinely collected
administrative databases are used as data sources. These files contain data collected
for managerial purposes, such as physician and hospital billing under Canadian

provincial health insurance plans.'* Discrete events (e.g., surgery or other health
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care service) and longitudinal analyses have been shown to be particularly amenable
to processing by record linkage, with follow-up rates as good as or better than those
from primary data collection."* For chronic diseases, where the elapsed time
between exposure and disease is many years, record linkage is attractive because a
study can be completed in less time with fewer resources than are required by
traditional epidemiologic methods. Researchers are able to study large numbers of
people at relatively low cost because less time is required for the identification of
eligible subjects and the acquisition of the necessary information about exposure and
subsequent disease.

The main disadvantages of using administrative data are that the investigator is
not involved with data collection and therefore cannot be sure of data quality and data
on confounders may not be available.'** In addition, linkage techniques do not protect
the chronic disease epidemiologist from the risks associated with losing subjects
because identifiers may change during the interval between initial exposure and the
development of the outcome (e.g., changes in marital status and surname). Such
variations may interfere with the ability of record linkage to connect records

pertaining to the same individual.

1. Basic Steps
In general, two approaches to record linkage have been identified,
deterministic and probabilistic linkage. Deterministic linkage involves a comparison

of the variables in each candidate record pair and generates matched pairs based on
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the number of agreements between identifiers in the two files. This approach
provides a simple categorical assessment of the likelihood of a true match (i.e., yes,
no, possible). Probabilistic linkage carries the process further, using more of the
information in the data to provide a numeric estimate of the likelihood that the records
are a true match. Each method has advantages. Deterministic linkage is relatively
simple and is used primarily when data are known to be complete and to have low
levels of coding errors. Since probabilistic linkage involves generating weights
(probabilities) for each potential link, this method is most advantageous when few
variables are linked, data are incomplete or coding errors are common.'*S However,
probabilistic linkage is much more complex than deterministic linkage and so
accuracy versus simplicity often becomes an important trade-off. #5147

Regardless of the method used, there are basic steps that guide the linkage
process. In an early work on record linkage, Newcombe suggested that there are two
primary steps required in any linkage: searching and matching."*® In the searching
step, the aim is to limit the number of times potentially linkable records are not
compared, while limiting the number of comparisons (i.e., optimizing the search). In
the matching step, rules are applied to determine whether or not a pair of records
refers to the same individual, given that some of the personal information agrees and
some disagrees. There is also a third step in record linkage, in which linked pairs are
separated from unlinked pairs. In probabilistic linkage, explicit thresholds are

determined to identify candidate pairs as linked or unlinked.
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a. Searching

The searching step involves the use of blocks, effectively sorting the files on
one or more variables to make the search more efficient. In the usual application,
since the discovery of a true pair is a reasonably rare event and the variables are
arranged in 2" configurations (for n fields), the sample size required to ensure that all
truly linked pairs are identified approaches all possible pairs.'’ For example, if Files
A and B both have 10 records and 4 linkage variables there would be a total of 100
candidate pairs, with 16 possible configurations. Following the implementation of
blocks, the discovery of linked pairs becomes a more frequent event in the delimited
subset of A x B.

To increase the searching efficiency, the blocking variables must be
information-rich. In addition, the variables chosen as blocking variables must be of
high quality, as the determination of a link is dependent on an exact match on the
blocking variable. For example, given the candidate pairs

Birthdate Name
A, 1975.12.01 Honeydew, Bunsen
1975.05.31 Beaker
B. 1981.03.15 Frog, Kermit The
1982.03.15 Frog, Kermit The
blocking on birthyear would allow the comparison of the records in pair A because
the birthyear agrees, but there would be no comparison of the records in pair B

because birthyear does not agree, even though all other information is identical.
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Several measures can be calculated to assess the usefulness of potential blocking
variables, including the average number of cases per variable level (pocket size), the
discriminating power, the Shannon entropy statistic and the merit ratio.

Average pocket size is determined by

P, = n/i
where n is the total file size and i is the number of levels in a given variable.'** For
example, in a file with 20 observations and 12 possible values for birthmonth (i.e.,
January through December), then the average pocket size is 1.67. In the most ideal
case, the pocket size is 1: i.e., the average pocket has only one observation for each
level of the variable.

The main limitation to the pocket size is that it does not reflect the distribution
of a variable’s values. For example, in 100 observations, there may be 99 males and
1 female, 75 males and 25 females, or 10 males and 90 females, but the average
pocket size is always 50. Other measures compensate for this lack of information on
the frequency distribution.

Discriminating power provides an indication of how well a particular variable
distinguishes between records representing different individuals. The discriminating
power (D,) is defined as

D, =log,(1/C)
where C, is the coefficient of specificity, which represents the extent to which a file
will be divided by a particular variable.'* The coefficient of specificity is defined as

C, =IP_?



24

where P, is the proportion of the file in the xth block.'** Newcombe notes that the
coefficient of specificity is simply a weighted average of the pocket sizes.'** The
larger the discriminating power (or the smaller the coefficient of specificity), the more
discriminating the variable.

Returning to birthmonth as an example, if each month were represented
equally in the file, then P, = 1/12 for each month and P,2 = 1/144. The coefficient
of specificity is EP,2 = (12)*(1/144), or 0.083. Thus the discriminating power is
log,(1/0.083), or 3.58.

The Shannon entropy statistic can also be used to determine the amount of
information available in any file."** The Shannon entropy is defined as

Sg = -LP, *log,P,
where P, is the proportion of the file in any given pocket. As with the discriminating
power, the larger the Shannon entropy the more informative the variable. The
Shannon entropy statistic has an upper bound determined by log,n, so that all values
of the statistic will be no greater than that value.'!

In the birthmonth example used for calculating the discriminating power, the
Shannon entropy is -12*[(1/12)*log,(1/12)], or 3.58. If n is 12 then the upper bound
is 3.58, and if n is 24 then the maximum value is 4.58.

Finally, the benefit of using any particular variable for blocking can be
determined by the merit ratio. The ideal blocking variables will be those with the
highest merit ratio, as they will be the most reliable, with the fewest discrepancies in

correctly matched pairs and considerable discriminating ability. The merit ratio is
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calculated by

M, = D,/I
where I is the likelihood of inconsistency (or discrepancy) of the variable in linkable
pairs of records."® The likelihood of inconsistency is simply the frequency of
discrepancies expressed as a percent of all linkable pairs.'** Shannon entropy may
also be used in place of discriminating power.

In the birthmonth example, the merit ratio can be calculated given information
indicating the reliability of the data in linkable pairs. From a sample or previous
study, it may be known that birthmonth disagrees in truly linked pairs 5% of the
time. Therefore, the merit ratio is 3.58/0.05, or 71.6.

Determining a minimum set of primary variables maximizes computing
efficiency, but the variables should have considerable discriminating ability, as
determined by calculating the discriminating power, the Shannon entropy or the merit
ratio. Roos and Wajda note that when determining the set of variables to be used for
linkage, it is advisable to start with variables that individually have lower values of
discriminating power (although in combination they may have considerable power), so
that variables with higher levels of discriminating power can be used to resolve ties
generated by the linkage.'** Using this approach, information content would be
determined for the primary variables in combination and the remaining variables
individually. Since the data will not be error-free, the statistics on the additional
variables estimate their ability to deal with the effects of measurement error in the

primary variable set.
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b.  Matching

The matching step requires that the computer is provided sufficient information
to imitate the human decision-making process, thereby determining the records most
likely to represent linked pairs. If all the variables in the candidate pair agree, then
the likelihood that the records relate to the same individual is high; conversely,
complete disagreement suggests that the record pair refers to different individuals. '
Difficulty arises when some of the variables agree but some disagree.

Although determining the best approach for searching is the same for either
type of linkage, it is in the matching phase that deterministic and probabilistic linkage
differ. In deterministic linkage, if the majority of the variables in the candidate pair
agree or if subjectively-determined essential variables agree, then the pair is
considered linked. However, in probabilistic linkage, the likelihood that a candidate
pair represents a true link is quantified as a weight or probability.

In probabilistic linkage, the question is, "How typical is that comparison
outcome among linked pairs of records, as compared with unlinkable pairs brought
together at random?"."™® The answer involves calculating the frequency ratio (similar
to betting odds), which is defined as

frequency of outcome (x,y) among linked pairs

Frequency Ratio =
frequency of outcome (x,y) among unlinkable pairs
where x is the variable (and its value), for the record from file A, and y is the

variable (and its value), for the record from file B.'"*® The outcome of interest
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involves the occurrence of any specified event and can be agreement or disagreement
on a variable or combination of variables.

For example, out of 15 record pairs, one may have 10 potentially linked pairs,
while the remaining S are unlinkable pairs generated by random merging of records.
The outcome of interest is agreement on birthmonth: in the linkable pairs, birthmonth
agrees 8 out of 10 times, while in the unlinkable pairs birthmonth agrees only in only
L out of the 5 pairs. The frequency ratio is (8/10)/(1/5), or 4. Thus, in the situation
where birthmonth agrees, the chance that the pair represents a true link is 4:1.

Frequency ratios can also be calculated for configurations involving more than
one variable. Extending the previous example, if the outcome of interest involves not
only agreement on birthmonth but on birthyear as well, one must look at the
frequency of both variables in the linkable and unlinkable pairs. Therefore, if the
frequency of agreement on birthyear in the linkable pairs is 9 out of 10, but the
agreement in the unlinkable pairs is 2 out of 5, then the frequency ratio for agreement
on both birthyear and birthmonth is (9/10)(8/ 10)/(2/5)(1/5), or 9. The likelihood that
any record pair agreeing on both variables is a true link is increased to 9:1.

In practice, both the numerator and the denominator of the frequency ratio are
estimated by linkage software programs based on estimates from previous studies or
by assuming the frequency in the linkable pairs is similar to one or other of the files
and modifying it by the probability of error in that variable (determined empirically or
iteratively). 42153

The frequency of the outcome in the unlinkable pairs can be calculated either
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by determining the number of disagreements in a file of unlinkable pairs or by
estimation. To create a file of unlinkables, Newcombe suggests assigning numbers to
the two files of interest at random, sorting the files by these numbers and re-
numbering according to their rank in the sorted files.'*® The files can then be merged
and any pairs suspected to be true matches removed (e.g., those with similar sounding
surnames, as determined by the phonetic soundex code and the same birthdate). On
the other hand, estimating the frequency in the unlinkables involves some knowledge
of the characteristics of the variables in question (i.e., numeric or character type,
range and distribution), in order to generate the probability that a variable will
disagree in any candidate pair of records. Since the probability of finding a link is a
relatively rare event, estimation often assumes a sample size of all possible record
pair combinations (i.e., A x B for Files A and B).

Frequency ratios are considered to be global when value-specific differences in
discriminating power are ignored. However, it is often useful to create value-specific
frequency ratios, since certain values are more common (such as the name "Smith" as
opposed to "Schwarzenegger"), with the result that the associated discriminating
powers provide different degrees of information. In addition, a certain degree of
flexibility can be incorporated into the calculation of frequency ratios, so that instead
of a simple binary structure (agree/disagree), the frequency ratios are stratified (fully
agree/partially agree/disagree).'*

When the logarithm of the frequency ratio is calculated, the result is called a

weight. The weights are usually defined as
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("outcome” frequency in linked pairs)

weight = log,
("outcome" frequency in unlinked pairs)

One of the benefits of taking the logarithm is that the likelihood that two
records refer to one individual can be expressed by summing the variable-specific
weights to determine the overall weight. This is equivalent to multiplying all the
frequency ratios associated with a pair of records, assuming that the various
agreements and disagreements are independent of each other.!s Recalling the
frequency ratio examples, the weight for agreement on birthmonth is log,(4), or 2.0,
and on both birthyear and birthmonth is log,(9), or 3.17. A weight of zero is
equivalent to odds of 1:1 that linkage is correct, while a weight of +1 suggests odds
of 2:1 and +2 is odds of 4:1. Negative odds halve the probability of a true link
(e.g., -1 = 1:2)."? The overall weight is a relative measure of the probability that a

pair of records refer to one individual, rather than an absolute measure.

c. Separating Links from Nonlinks
Regardless of the type of linkage, the process of separating linked pairs from

unlinked pairs involves comparing the respective variables within each record pair to
determine whether the records are linked or not. In deterministic linkage overall
agreement is based on simple inspection of the variables. Following the calculation of
odds in probabilistic linkage, a level of odds (the threshold) is set, to separate the

linked pairs from the unlinked pairs. Newcombe notes that,
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"It is not so much a matter of picking needles out of a haystack, as of

progressively getting rid of the haystack without losing the needles."'™

There are no valid shortcuts in determining true links from false links.
Newcombe cautions that decisions must be made with a frequency ratio or odds, but
not with the ratio’s components alone.'*® In theory, the threshold is set where the
absolute odds is 50:50, but in practice the threshold may have to be set above or
below that point in order to reach a desired ratio of false positive and false negative
links.”*® The final threshold is often determined empirically, based on simple
inspection of the set of potentially linked pairs. '

It may be more practical to assign two thresholds instead of one: candidate
pairs with weights greater than the upper threshold are considered to be linked, while
pairs with weights below the lower threshold are not linked. The pairs with weights
between the thresholds exist in a grey zone and require verification. Based on work
by Fellegi and Sunter,'> Jaro proposed an algorithm which allows the calculation of
threshold weights.'*® M is the set of all truly linked pairs, while U is the set of truly
unlinked pairs. There are 2" possible combinations (agreements and disagreements),
of n components (variables), for which the composite weights can be determined.
The maximum weight for an unlinkable pair is the weight of the configuration where

L Pr(e | M) < ideal probability of classifying a true link as unlinked

(false negative rate);
the minimum weight for a linkable pair is the weight of the configuration where

l1-ZPr(® | U) < ideal probability of classifying a truly unlinked pair as



31
linked (false positive rate).
Weights between these two thresholds are the undecided cases. One could argue that
the ideal probability of any misclassification is 0, but the number of candidate pairs
with indeterminate weights may be too large to be manually verified efficiently.

For example, following linkage it may be observed that the candidate pairs
have weights between +4 and -4. The truly linked pairs and the truly unlinked pairs
occur with the frequency shown in Table 2. Without additional information, it would
be difficult to assign a candidate pair with a weight between -2 and +1 to either the
linked or unlinked categories with certainty. If 20% is the acceptable level of false
negatives, then the weight for the lower threshold is T Pr(® |M) < 20%, the
cumulative frequency in the linked pairs that is still less than 20%. From the table,
this point is -2. If the acceptable level of false positives is also 20%, then the upper
threshold is (1 - £ Pr(® |U)) < 20%. The point (1 - the cumulative frequency of the
unlinked pairs) at which the weight is still less than 20% is at -1. Therefore, all
candidate pairs with weights between -2 and -1 are in the grey zone and require

verification.

2. Errors Influencing the Linkage Process

Random errors arise as a result of incorrect data entry or lack of entry of
available information. Systematic errors occur where the original source of the
information does not reflect the true experience of the subject. While random error

affects reliability, systematic error (bias) is considered to be more serious, since it can



Table 2. Threshold Example: Distribution of Weights for Links and Nonlinks
Weight | True Links Cumulative True Cumulative
Frequency of | Nonlinks | Frequency of
True Links True Nonlinks
(%) (%)
f= —
-4 0 0 2 20
-2 1 10 5 70
-1 0 10 2 90
+1 0 10 1 100
+2 3 40 0 100
+3 4 80 0 100
+4 2 100 0 100

32
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affect validity. It has been suggested that error is a particular concern in medical
research using computer data where a disease is difficult to diagnose because the
errors tend to be systematic, which threaten the study’s validity.'*

Numbers are prone to several common random errors: transcription or
substitution errors, where digits are incorrectly recorded because of mishearing,
misreading or miskeying; transposition errors, in which correct digits are entered in
the wrong order; and shift errors, which occur as a result of addition or omission of
zeros.'”> When the numbers are part of an identifying system, the error rates can be
minimized by the incorporation of a check-digit routine. However, similar errors
could occur in any numeric or character variables where such checks would be
ineffective.

In the actual process of linkage, other errors can occur. The three main
problems are issues associated with blocking, correlated identifiers and thresholds.

Blocking is a potential source of error if the blocking variables of a truly
linked pair disagree so that the records are never brought together for comparison.
To minimize the effect of the trade-off inherent in blocking (loss of true links versus
resource consumption), it is important to estimate the reliability and discriminating
power of candidate linkage variables, perhaps using merit ratios.'*° Losses due to
blocking can be estimated by comparing every search record with every record in the
file being searched; although this is ideal, it is often impossible with finite computing
resources. Alternatives include the use of a different file (e.g., tax records to

determine vital status) and the use of an extended search (e.g., just one variable)
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combined with an alternative search (e.g., different search criteria) so that the linkage
net is cast widely. In practice, Newcombe notes that the most useful blocking
variables are likely to be a personal number, a second surname, or the first given
name plus the date of birth.'*°

Correlation between variables can lead to problems in determining weights
because they interfere with the assumption of independence. Correlated discrepancies
are those where the informant is confused or deliberately gives incorrect answers,
resulting in a downward bias of the odds. Conversely, correlated agreement occurs
among variables where identifying variables are likely to occur together. For
example, in minority geographical and ethnic groups, names and places of birth are
likely to be common within the group, even if these values are rare in the overall
study group. If variables are known to be highly correlated, then a multiple
agreement should not be weighted heavily, particularly when assessing links with only
moderate weight.

Following linkage, errors can occur if the threshold denoting the
acceptance/rejection cutoff is too high so that there may be an increase in false
negatives, or too low so that there are increased numbers of false positives. The
potential errors associated with the threshold are directly related to errors in
discriminating power.'* Insufficient discriminating power can lead to higher numbers
of false positive and false negative links. High levels of discriminating power leave
little doubt as to the best point for the threshold, since the number of true links and

truly unlinked records being misclassified is likely to be small.
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Because of linkage errors, there may be an imbalance between the number of
false positive links and false negative links. Therefore, simplified linkage procedures
may be adequate if the investigator is only interested in statistical outcomes because
there is an assumed balance between false positives and false negatives. This
assumption can be verified by using three different thresholds in analysis, one
moderate and two extremes. As in other sensitivity analysis, if the same statistical
associations are maintained, the result is likely to be real and not due to an imbalance

of false negatives and false positives.

3. Summary

Record linkage is a viable methodology that is appealing to many health
researchers because of its cost-effectiveness. However, researchers must consider the
errors in administrative data that can threaten the validity of the study. These can
usually be resolved by careful attention to details of the information provided.
Record linkage might actually improve data quality overall by highlighting areas for
improvement in routinely-collected data.'*s

In many cases, the limitations of record linkage are most evident in situations
where the method is inappropriately applied. Research involving high quality data
and routinely collected administrative data will be well-served by linkage, while

studies based on poor, error-prone data or qualitative outcomes will not.
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CHAPTER Il. METHODS

In this study, the risk of colon cancer following cholecystectomy was assessed
by linking records from the Alberta Health Care Insurance Plan (AHCIP) and records
from the Alberta Cancer Registry. Data quality was assessed for both data sources
before linkage was initiated. Effectiveness of record linkage was evaluated using a
chart review.

Risk estimates were calculated using standardized incidence ratios based on
person-years at risk. The risk estimates were subjected to sensitivity analyses to
investigate the ability of different record linkage approaches to identify colon cancer
in the cholecystectomy cohort and to examine the effect of assumptions about
incomplete dates from AHCIP. Modelling of the risk was attempted using
proportional hazards regression.

Unless otherwise noted, the statistical software package SAS'® was used for
analysis. Statistical significance was determined using two-tailed p-values with
a=0.05. No adjustments were made to the significance level to compensate for

multiple comparisons.

A. Assessing Data Quality

I Data from the Alberta Health Care Insurance Plan

Two files were provided by AHCIP; the registrant or cross-reference file
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described registrants and their health care insurance history in Alberta and the claims
file described the procedures performed on these individuals. This reflects the
approach to data capture used by AHCIP, in which data pertaining to an individual’s
eligibility for registration is stored and maintained separately from data conceming

payment of service claims submitted by physicians.

a. Registrant File
The original registrant file contained 185,103 records, representing 143,647

individuals. The variables in this file included identifying information, such as the
patient’s initials, date of birth, sex, and AHCIP registration number, the head
registrant’s last name and a family status indicator (1 signifying the head registrant
and 2 or greater indicating dependents). For each individual, a health care insurance
history was provided, including the date that registration was effective, the date it was
terminated (termed "cancellation” if the head registrant’s information was ended and
“deletion” if the termination only applied to a dependent) and the reason for
termination. Records relating to the same person were linked by AHCIP and were
identified using a unique lifetime identifier. AHCIP has indicated that this internal
linkage was more reliable for registrants with active coverage since 1983. Data
quality was assessed by examining simple frequencies of the variables, with particular

attention to identification of missing or outlying data.
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b. Claims File

The original claims file had 164,600 records, representing 143,647 individuals
who had undergone specified biliary, gastric and varicose veins procedures in the time
period of interest. The variables included the patient’s sex, date of birth, registration
number and unique lifetime identifier, the date and fiscal year that the procedure was
performed, the patient’s age at the time of the procedure, the procedure’s fee code
and the amount paid to the physician by AHCIP. As with the registrant file, the data
quality investigation in the claims file focused on simple frequencies of these variables
to identify missing data and outliers.

The fee codes, representing all possible codes used between April, 1973 and
September, 1993, are shown in Appendix A. The original dataset included
procedures such as choledochostomy, transduodenal sphincteroplasty and
choledochoenterostomy because the descriptions noted they could be performed with
or without cholecystectomy. Cholecystostomy, a procedure where galistones are
removed but the gallbladder remains intact, was also included. However, analysis of
the cancer risk for this project was limited to the most common situation involving

cholecystectomy alone.

C. Combined Information

Simple frequencies of the data in each of the AHCIP files alone illuminated
only some of the data quality issues. The files were combined to allow analysis of

the service information in relation to registrant history, particularly the frequency of
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services that appeared to occur outside coverage and the reasons for termination of

coverage in these cases.

2. Data from the Alberta Cancer Registry

The Alberta Cancer Registry has existed for over 50 years and, for more than
20 years, reporting of malignancies to the Registry has been required by law in
Alberta. Patient information is abstracted and coded by health record technicians and
entered into a computer. For this study, all Albertans diagnosed with cancers of the
colon, biliary tract or pancreas between July, 1969 and December, 1993 inclusive,
were identified through the Alberta Cancer Registry. Colon cancer patients included
those diagnosed with cancer of the colon and the rectosigmoid junction but not cancer
of the rectum, as rectal cancer is thought to have different risk factors. Patients
diagnosed with gallbladder cancer were identified so that those whose diagnosis
occurred within 6 months of cholecystectomy could be removed (i.e., the reason for
cholecystectomy was malignant and not benign gallbladder disease). Patients
diagnosed with pancreatic cancer or cancer of the biliary ducts at any time following
cholecystectomy were identified and follow-up was truncated at the date of diagnosis;
these patients sometimes undergo surgical treatment that involves removing the
gallbladder (e.g., duodenopancreatectomy or Whipple procedure).

Although this population-based registry is relatively complete and of solid
quality, frequencies were determined to illustrate the extent of missing patient

identifiers and diagnostic data. Method of diagnosis was of particular interest, as the
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numbers of histologically verified cases and of cases identified only through death

certificates are indicative of registry quality.

B. Record Linkage

As described previously, record linkage has three main steps: searching,
matching and separating links from non-links. The two approaches to record linkage,
deterministic and probabilistic, benefit from a common strategy for determining the
most efficient searching patterns but differ in the matching and separation steps.

For the searching step, the pocket size, discriminating power and Shannon
entropy were calculated for variables in the colon cancer file and the entire AHCIP
dataset, which included the cholecystectomy cohort as well as the confounding gastric
procedures cohort and the comparison varicose vein cohort. Based on the results of
these calculations, a blocking strategy was developed to maximize searching
efficiency.

In the matching step, both deterministic and probabilistic strategies were
applied. Deterministic linkage used the SQL procedure in SAS'® and probabilistic
linkage used the LinkPro macro."” Agreement of the results from these two
approaches was assessed using the kappa statistic. '*®

The approach for separating links and non-links from the pool of candidate
pairs differed for deterministic and probabilistic linkage. In deterministic linkage,

records agreeing on AHCIP number or all variables except AHCIP number were
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presumed to be linked, while records agreeing on fewer than half of the identifying
variables (including disagreement on last name soundex and at both initials) were
considered to be unlinked. Candidate pairs where a majority of variables agreed,
including last name soundex or one initial, were subjected to manual review.

The approach described by Jaro'*® was used to assist with threshold
determination for probabilistic linkage. All possible variable configurations for a pair
of records were determined (e.g., sex matched, last name matched, and birthdate
mismatched), and the frequencies observed by each configuration were calculated for
the candidate linked pairs and a sample of randomly linked pairs. The frequencies
were then examined by probabilistic weight.

In general, Jaro's approach uses these frequencies to establish an acceptable
level of false negatives and an acceptable level of false positives, which determines
the maximum threshold weight for the unlinked pairs and the minimum threshold
weight from the linked pairs. Manual resolution occurs for all candidate pairs in the
matched set with weights between the two thresholds. In this study, the matched set
(M), was very large and covered a wide range of weights as a result of the lenient
parameters used to ensure that all possible pairs were identified. This led to a
substantial number of pairs in M that were unlikely to be true links. Therefore, when
the random set of unlinked pairs (U), was generated, the most extreme cases were

used to determine the lower threshold so that the probability of false positives was

very small (<0.001%). Using this point, the probability of false negatives appeared

to be very large (around 70%), but this compensated for the overly-relaxed criteria of
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the initial linkage.

In both cases, there were some records that required manual review to
establish their status. Two reviewers examined all candidate pairs; concordance
between the reviewers was assessed by the kappa statistic. Subsequently,
disagreements were resolved by consensus.

Individuals identified with colon cancer in the Alberta Cancer Registry were
linked to the AHCIP files first. The experience acquired from this linkage was then
applied to linkage between the other relevant cancer cases (biliary and pancreatic) and

the AHCIP files.

C. Comparing Linkage to Manual Review

The reliability of record linkage was assessed by examining the charts of a
subset of the individuals with colon cancer for a history of cholecystectomy. For
convenience, only those individuals with charts at the Cross Cancer Institute in
Edmonton, Alberta were considered to be eligible.

All eligible individuals who were found to have cholecystectomy followed by
colon cancer in record linkage and who had at least 10 years’ induction were included
in the review. A similar number of individuals diagnosed with colon cancer but
without a history of cholecystectomy (assuming a 10-year induction period), were
sampled. Each chart was examined by two reviewers. Concordance between the

reviewers was determined using the kappa statistic, and disagreements were resolved
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by consensus.

Following the review, individuals without a history of cholecystectomy in the
chart (regardless of linkage status) were identified; the attending physician for each
of these individuals was contacted to determine the presence or absence of previous
cholecystectomy. The kappa statistic was used to quantify agreement between record
linkage and the cancer chart review as well as record linkage and the "extended"”

review involving physician contact.

D. Analysis of Risk

1. Exclusion Criteria

Patients diagnosed with colon cancer before cholecystectomy were excluded
from the analysis. In addition, patients diagnosed with gallbladder cancer within 6
months of cholecystectomy were removed from the file of linked records for analysis,
since cancer and not gallstones would be the reason for cholecystectomy. Patients
diagnosed with pancreatic cancer or cancer of the biliary ducts at any time following
cholecystectomy did not contribute to follow-up from the date of diagnosis, since
these patients sometimes undergo surgical treatment that involves removing the

gallbladder (for example, duodenopancreatectomy or Whipple procedure).

2. Standardized Incidence Ratios

Standardized incidence ratios (SIRs) compare the observed number of
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individuals with cancer to the number expected in a comparison population. In this
study, the observed number was provided by record linkage. The strategy to
determine the expected number of cases involved multiplying the person-years at risk
accumulated by the cholecystectomy cohort by the colon cancer rates in a comparison
population.

Separate SIRs were calculated for colon subsite (left, mid, and right colon) and
each sex. SIRs based on observed values less than 10 were not reported because of
concerns regarding the stability of the risk estimate and expected values of 0 were set
to a small value (0.1), to allow calculation of an approximate SIR and confidence

limits.

a. Person-years at Risk

Person-years at risk began accruing on the date that cholecystectomy occurred
and ended at the date of diagnosis of cancer, death or migration from the province.
Patients who left the province but returned after less than one year accumulated
person-years throughout their absence, since it was assumed that any cancer diagnosed
would have been reported to the Alberta Cancer Registry. If the absence was more
than one year, person-years were not accumulated during the absence, but resumed on
the patient’s return to Alberta. Person-years at risk were stored in a matrix that

specified the accrual by calendar year, sex and J-year agegroups.
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b. Rates

Two comparison groups were used for assessing risk of colon cancer following
cholecystectomy. The general population was the primary comparison group, as is
standard practice. Concerns about bias introduced by record linkage led to the
identification of a second comparison group, the varicose vein cohort. Colon cancer
rates were calculated slightly differently for each of these comparison groups.

All colon cancer cases identified in the Alberta Cancer Registry with diagnosis
dates between July, 1969 and December, 1993 were used to calculate cancer rates
when the general population was used as the comparison group. These were the same
individuals identified in the colon cancer cohort, described previously. Population
figures for the rate denominators were from Statistics Canada, received and stored
electronically by the Alberta Cancer Board. Rates were determined by dividing the
number of cases of cancer by the population for each calendar year, sex and 5-year
agegroup category.

To minimize bias introduced by differential methods of collecting data for the
numerator and the rates in the denominator, the cancer rates in the varicose vein
group was used in a second SIR calculation. By using linkage to ascertain the
outcomes for both the cholecysiectomy cohort (which become the observed cases in
the numerator) and the varicose vein cohort (which become the rate base for
determining the expected number of cases in the denominator), any effect of bias that
might be associated with the determination of outcomes was minimized. Patients

having both cholecystectomy and varicose vein procedures were excluded from this
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analysis.

When the varicose vein cohort was used as the comparison group, the number
of individuals with colon cancer in the varicose vein cohort formed the numerator of
the rate. The denominator was the number of person-years at risk accrued by the
individuals in the varicose vein cohort. The rates were determined by dividing the
number of colon cancer cases by the total number of person-years at risk accumulated

by the varicose vein cohort in calendar year, sex and 5-year agegroup categories.

C. Calculation of Expected Numbers

The expected number of cases was determined by multiplying the calendar
year, sex and 3-year agegroup-specific matrix for the cholecystectomy cohort’s
person-years at risk by the matrix of rates of colon cancer in the comparison
population. The matrices’ year, sex and age presentation allowed for appropriate

year, sex and age-adjustment of the resulting expected numbers and SIRs.

d. Adjustment for Induction

SIRs were determined for 0, 1, 2, 5, 10 and 15 years of induction, meaning
that observed cases and person-years at risk were accrued beginning 0, 1, 2, 5, 10 or
15 years respectively following cholecystectomy. Inductions less than 5 years were

included for completeness, but were not considered biologically important.
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e. Adjustment for Gastric Procedures

Since gastric procedures may be performed at the same time as
cholecystectomy and have been shown to alter bile transit and to increase cancer risk,
they may confound the association between cholecystectomy and colon cancer. The
confounding effect of these procedures was addressed by calculating SIRs adjusted for
history of gastric surgery. This was accomplished by stratifying the cholecystectomy
cohort’s person-years matrix and the rate matrix by history of gastric procedure.

Individuals with a history of both cholecystectomy and gastric surgery were
identified from the AHCIP claims file. Individuals accumulated person-years at risk
in the unexposed stratum until the date they underwent a gastric procedure, if
applicable. Those individuals who had gastric surgery then accumulated person-years
at risk in the exposed stratum beginning on the date of surgery.

The rate matrix was also adjusted to account for differing rates of colon cancer
in the population according to presence or absence of gastric procedure. As
described, the rates of cancer in the general population were calculated by dividing
the observed number of colon cancer cases in the population by annual population
figures, which are equivalent to person-years at risk. Since record linkage had
identified the number of individuals with gastric procedures who subsequently
developed colon cancer, the number of individuals who developed colon cancer
without a history of previous gastric surgery was determined to be the difference
between the total number of cases of colon cancer in the population and the number

of colon cancer cases in the gastric procedures cohort. This calculation provided the
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numerator for the cancer rates in the general population by history of gastric surgery.
The denominator was calculated in a similar fashion, with the difference between the
total population (i.e., the person-years at risk contributed by all Albertans) and the
person-years at risk accrued by the gastric cohort representing the person-years at risk
for individuals without gastric surgery. Rates were determined by dividing the
number of colon cancer cases with and without a history of gastric surgery by the
appropriate person-years at risk.

The expected numbers were determined by multiplying the cholecystectomy
cohort’s stratified person-years at risk matrix by the stratified rate matrix, with both
matrices now stratified by calendar year, sex, S-year agegroup and gastric surgery
exposure. This adjustment was only performed using the general population as the

comparison group.

f. 95 % Confidence Intervals

The ratio of the observed to expected numbers showed the risk of cancer in the
cholecystectomy cohort relative to a comparison population. 95% confidence
intervals (CIs) were determined as described by Bailar and Ederer."*® Linear

interpolation was used to determine limits where the table did not present exact data.

3. Sensitivity Analysis
Sensitivity analysis was used to investigate the magnitude and direction of

potential bias resulting from assumptions about the data.
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First, assumptions were made about individuals missing AHCIP effective
dates. It was assumed that those missing these dates were most likely to have
coverage beginning at July 1, 1969, the first date of comprehensive health care
insurance in Alberta. This decision ensured that the date of service occurred during
coverage for most of the affected cohort, but it raised questions about data quality.
Therefore, the SIRs were re-calculated using only records with complete effective
dates.

The second set of assumptions were made when links were identified. There
were cases that were identified by either deterministic or probabilistic linkage but not
by both. SIRs were calculated using the individuals identified by deterministic
linkage alone, probabilistic linkage alone, or a combination of both linkage methods

to determine the extent of the effect of type of linkage.

4. Proportional Hazards Modelling

SIRs provide a composite measure of risk. To provide a profile of the
cholecystectomy patient at risk for colon cancer, proportional hazards regression was
applied to investigate the effect of independent variables, such as age at surgery, year
of surgery and sex on the hazard function over time. However, the relative rarity of
the outcome and the paucity of explanatory variables precluded meaningful analysis.

Thus, the third objective (outlined on page 2) was not pursued further in this study.
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5. Nested Case-control: Fat as a Confounder

Dietary fat was identified as a significant confounder in the relationship
between cholecystectomy and colon cancer. Initially, an adjustment for dietary fat
was planned based on data from an unpublished Alberta-based case-control study. As
with many published studies of diet and colon cancer, there were concerns about the
case-control study’s assessments of diet and disease status, but there was also a
significant statistical barrier to the effective use of the case-control study to adjust for
dietary fat in the cholecystectomy cohort. Most studies that use a nested case-control
study to acquire data on confounders use all the cases and randomly select from the
controls. This ensures that the case-control study is representative of the larger
cohort. Even if a point estimate could be calculated for the current study, the lack of
a probability model connecting the case-control and cohort studies means that the
corresponding standard error would be a non-trivial calculation.

Therefore, an adjustment based on data collected for the case-control study
would be meaningless because the statistical premise for adjusting the cohort risk
estimates with the case-control results is weak at best. Dietary confounding would be
appropriately assessed using a truly nested case-control study, in which cases and
controls would be sampled randomly from the cohort to provide an appropriate
probability model for determining the connection between the case-control and cohort

risks.
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E. Stratified Analysis by History of Colon Cancer and Cholecystectomy

The datasets included additional variables that could provide an indication of
which individuals may be at higher risk for developing colon cancer following
cholecystectomy. The SIR analysis only adjusted for age, sex and calendar year, with
a special calculation performed to investigate the influence of gastric surgery.
Therefore, the differences between individuals with cholecystectomy and colon cancer
and those without both factors were addressed using variables available in the cohorts.
In the cholecystectomy cohort, the average age at surgery, the year of service and sex
distribution for individuals who were found to have developed colon cancer were
compared to those who were not found to have colon cancer. In the colon cancer
cohort, the average age at diagnosis, year of diagnosis, sex distribution, and tumour
stage, grade and histology were compared for those with previous cholecystectomy,
relative to those without the procedure. Differences by age were assessed by t-tests
while differences by other variables were assessed using X° tests.

Characteristics were compared for individuals who had the opportunity to be
identified with both cholecystectomy and colon cancer for each of the assumed
induction periods. For example, at 15 years of induction, the set of individuals in the
cholecystectomy cohort without colon cancer was restricted to those with service dates
before 1979; similarly, the set of individuals in the cancer cohort without a history of

cholecystectomy was restricted to those diagnosed since 1988.
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CHAPTER IV. RESULTS

A. Cohort Preparation

1. Alberta Health Care Insurance Plan Cohorts

In the original claims dataset, there were 164,600 records, representing
143,647 individuals who received at least one of the specified biliary, varicose vein or
gastric procedures between April, 1973 and March, 1993 (inclusive). Each individual
identified in the claims dataset had records defining their AHCIP registration history
in the registrant dataset, which had 185,103 records. Figure 1 summarizes the
processing that occurred for this study.

Initial analysis showed a substantial number of records with a negative amount
paid to the physician. Subsequent investigation revealed the accounting format used
in the AHCIP claims file, where an incorrect entry would be revised by duplicating
the record, adding a negative sign to the amount paid and re-entering the correct
record. An algorithm was developed to remove the incorrect entries and their
associated negative claims, which involved sorting by the absolute value of the
amount paid and cancelling duplicate records. The claims dataset was found to have
1,900 records with negative claims, or 1.2% of the total, resulting from corrections to
previously entered information. The algorithm to remove these claims and their
associated records resulted in the removal of 3,788 records (2.3% of the total) and

190 patients (0.1% of all individuals).



Figure 1. Summary of Processing: Alberta Health Care Insurance Plan Files 3
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An additional 17,824 (10.8% of the total) records were removed because the

study excluded the more complicated biliary procedures, representing 14,619 patients
(10.2% of all individuals).

After this processing, there were 142,988 (86.9% of the total) records,
describing 128,838 patients (89.7% of all individuals). The exclusion criteria applied
to the claims dataset reduced the number of records in the registrant dataset to
167,171 (90.3% of the original total). The records in the registrant dataset were
collapsed where coverage periods overlapped, resulting in a further reduction to
129,333 (69.9% of the total) records to describe the 128,838 individuals.

The two files were joined using PROC SQL in SAS, which uses a many-to-
many merge and resulted in 143,524 records to describe the procedures received and
the registrant history simultaneously. Preliminary results showed that 17 records (for
10 individuals) had no date of birth and one record had a date of birth in the early
1800s. These records were removed because the date of birth information is essential
in the calculation of person-years at risk, leaving 143,506 records for 128,827
individuals.

The final cohort was associated with 142,970 claims. The majority (92,537,
or 64.7%) were cholecystectomy claims, followed by claims for varicose vein
procedures (25,424, or 17.8%) and gastric procedures (25,009, or 17.5%). Most
individuals (117,358, or 91.1%) had only one claim in the dataset, with 9,402 (7.3 %)
having two claims and 2,067 (1.6%) having three or more claims. The maximum

number of claims per person was eight.
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The median age of the entire AHCIP cohort was 46 years; 67% were females
(n=95,857). The median age of individuals having cholecystectomy was 45 years
and 72.2% were females. The demographics of the comparison group (the varicose
veins cohort) had similar characteristics, with a median age of 46 years and 72.8%
females, while the gastric procedure group had a median age of 51 years and fewer
females (42.1%). Table 3 shows the relative proportion of procedures by fiscal year,
with fairly uniform distributions across the years, except for the varicose vein group.

Chi-square tests were used to compare the distributions of certain variables for
the cholecystectomy cohort and the comparison group, the varicose vein cohort. The
analysis of the distribution of fiscal year of service was highly significant (X> =
2,460.52, p < 0.001), indicating a dissimilar distribution across the years of service
for the cohorts. As shown in Table 3, varicose veins procedures were less frequent
in the earliest years. A similar result was found when age distribution was compared
for these cohorts (X* = 3,295.42, p < 0.001), and inspection of the data shows that
cholecystectomy was less frequent between the ages of 35 years and 64 years,
compared to varicose vein procedures. Only a marginal difference was observed in
an analysis of distribution by sex (X* = 4.02, p = 0.05). These differences suggest
that the varicose vein cohort may not be the ideal comparison group in the study of
cholecystectomy and colon cancer, but the use of age-, sex- and year-specific person-

years at risk tables ensured adjustment for the dissimilar distributions in these strata.



Table 3.

1973/74

to 1977/78

Cholecystectomy

Cohort

25,054

27.1%)

Varicose Veins

Cohort

(n=25,424)

3,152

(12.4%)

Proportion of Procedures by Fiscal Year, Cohort and Procedures

(n=142,970)

56

(28.7%)

35,381

(24.7%)

1978/79 19,908 6,760 5,669 32,337
to 1982/83 21.5%) (26.6%) (22.7%) (22.6%)
1983/84 22,970 6,831 5,904 35,705
to 1987/88 (24.8%) (26.9%) (23.6%) (25.0%)
1988/89 24,605 8,681 6,261 39,547
to 1992/93 (26.6%) (34.1%) (25.0%) 27.7%)
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2. Colon Cancer Cohort

At the beginning of November, 1995, there were 20,940 records for colon and
rectosigmoid junction tumours in the Alberta Cancer Registry, representing 20,296
individuals. Only the first diagnosis was retained for patients with more than one
cancer occurrence. The group was restricted to residents of Alberta who were
diagnosed between July 1, 1969 and December 31, 1993 whose registration was
complete (or archived). Although 12,861 individuals with colon cancer met these
criteria, four were excluded because of missing sex and birthdate information leaving
12,857 records for analysis.

The proportion of cases diagnosed in each 5-year interval increased from
10.7% in 1969-1973 to 27.6% in 1989-1993. This is expected in an aging and
expanding population. The median age at diagnosis was 70 years, with almost equal
sex distribution (6,476 males, or 50.4%; 6,381 females, or 49.6%). Most of the
patients (10,908, or 84.8%) were diagnosed with colon cancer, with the remainder
having cancer of the rectosigmoid junction. Almost all were invasive tumours
(12,576, or 97.8%) with a few in situ (188, or 1.5%) and borderline (93, or 0.7%)
tumours. The majority of the tumours (9,364, or 72.8%) were unspecified
adenocarcinomas, followed by mucin-producing adenocarcinomas (716, or 5.6%),
unspecified carcinomas (710, or 5.5%) and mucinous adenocarcinomas (539, or

4.2%). Morphology was unknown for 183 (1.4%) patients.
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B. Data Quality

1. Alberta Health Care Insurance Plan Cohorts

Date and type of service was always complete in the AHCIP cohorts, although
personal identifiers were not. Of the 167,157 original AHCIP coverage records
associated with the final cohort, only 436 (0.3 %) were missing last name and two
(<0.1%) had a missing AHCIP number. None of the cohort was missing both
initials, but 45,195 (27.0%) had only one initial. With one exception, the first initial
was always present. Information on sex (male or female) was always complete.
Table 4 shows the proportion of records missing date information. A small
proportion (< 0.1%) of the AHCIP records were missing year, month and day of
birth and were excluded from the cohort during initial processing because these
variables were required for calculation of age in assessment of person-years at risk.

Records missing effective dates were assigned July 1, 1969, as the best
estimate of the first date of coverage. Records missing last dates of coverage were
assigned March 31, 1995, as it was assumed that these people were still residents of
the province. The most common reason for termination of AHCIP coverage (i.e., for
individuals whose last date was complete), was death (17,006, or 50.9%) followed by
migration from the province (6,502, or 19.4%) and migration from the province
under unknown circumstances (4,365, or 13.1%).

AHCIP service (procedure) dates were then examined to determine the

proportion of individuals recorded as undergoing surgery in Alberta during a lapse in



Table 4.

Records and Individual-specific

Proportion of Coverage Records Missing Date Elements, All
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Individual-
specific Records
(n=167,157) (n=128,827)
I |
’ Date of birth | Complete 157,366 (94.1%) | 122,632 (95.2%)
Missing month 2(<0.1%) 2(<0.1%)
Missing day 9,677 (5.8%) 6,081 (4.7%)
Missing month and day 112 (0.1%) 112 (0.1%)

Missing year, month

and day

(I

S

95,432 (57.1%)

Effective date | Complete 127,775 (76.4%) 92,125 (71.5%)
£
OF COVETES | Missing year, month 39,382 (23.6%) | 36,702 (28.5%)
and day
Final date of | Complete 71,725 (42.9%) | 33,433 (26.0%)
coverage

95,394 (74.0%)

SN R
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coverage. Of the 136,311 unique individual-specific service dates, only 252 (0.2 %)

(representing 249 individuals) occurred during a lapse in coverage. Most (180, or
71.4%) were cholecystectomies, followed by gastric procedures (55, or 21.8%) and
varicose vein procedures (17, or 6.7%).

The majority of the procedures occurring during a lapse in AHCIP coverage
occurred after the last date of coverage (242, or 96.0%). Most of the individuals
receiving these procedures were female (176, or 72.7%) and/or aged 15 to 34 years at
date of service (135, or 55.8%). The most common reason for termination of
coverage for these individuals was the apparent detection of a duplicate record, where
a dependent’s effective date and cancellation date coincided (92, or 38.0%), followed
by death (48, or 19.8%), unconfirmed residence (42, or 17.4%) and "other”, which
was often a child leaving parents’ coverage (38, or 15.7%). If the end of coverage
had been extended by one year, 116 (47.9%) of these procedures would have
occurred during coverage; if coverage had been extended by two years, 159 (65.7%)
would have occurred during coverage. Very few individuals would have benefited
from adjusting the effective year back one or two years, with two and three
procedures covered respectively.

One potential problem was demonstrated by the cholecystectomy cohort.
Although any individual has only one gallbladder to be removed, 235 individuals
(0.3%) had more than one cholecystectomy. It was suspected that the additional
procedures were incorrectly entered or assigned to the wrong individual in the AHCIP

claims file, with the most likely explanation being incorrect entry of a family
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member’s number. The latter situation would pose a problem for accurate record
linkage, if 235 individuals with cholecystectomy were not represented because correct
identifying data were unavailable. Additionally, the start and end of follow-up may
be incorrect for the 235 affected individuals, since the first cholecystectomy was
retained although there is no way of knowing if this was the correct record to keep.
In practical terms, however, the error introduced would be negligible given the low
frequency of these apparent duplicate procedures. The extent of this problem in the
other cohorts is unknown because individuals can have multiple varicose vein
procedures or gastric procedures; however, a similar proportion of duplicates could

be expected with comparable influence on the follow-up data.

2. Colon Cancer Cohort

Most of the identifying information from the Alberta Cancer Registry ‘was
complete. First and last names were always present, but 6,293 individuals (48.9%)
were missing middle names. AHCIP numbers were missing for 1,097 (8.5%) of the
cohort. Birthdate was complete for 12,709 (98.8%) individuals with colon cancer,
with 34 (0.3%) missing day and 114 (0.9%) missing month and day. Note that
records were deleted for three individuals missing all birthdate elements and one with
unknown sex.

Diagnosis date was complete for 11,912 (92.6%) individuals with colon
cancer, but day was unknown for 158 patients (1.5%) and month and day were

unknown for 790 (6.1%) individuals. In 1969-1973 only 57.7% of all colon cancer
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patients had complete diagnosis date information (only the day was missing for an
additional 40.8%), but these data were complete for over 95% of the individuals
diagnosed after that time.

Most individuals (12,198 or 94.9%) had their colon cancer diagnosed using
histology or cytology (pathology reports), with 215 (1.7%) diagnosed by radiology
and 160 (1.2%) by clinical means. Only 128 (1.0%) were diagnosed exclusively by

death certificate. One individual was missing method of diagnosis.

C. Record Linkage

1 Searching: Determining the Linkage Strategy

Measures of the informativeness of the variables were calculated in this step.
Appendix B shows the pocket size (cases/level), Shannon entropy and discriminating
power for several combinations of variables and for individual variables separately.

These results led to the linkage strategy for matching. The deterministic
linkage strategy was based on the combinations of variables providing the highest
discriminating power, starting with AHCIP number and all variables matching. Many
combinations of variables were used to detect possible matches, down to very loose
criteria, such as agreement on birthyear and sex. The probabilistic linkage strategy
relied less on discriminating power and made more allowance for poor data quality,
dividing the process into two phases. First, birthyear alone was used as the blocking

variable; records not contributing to candidate pairs using birthyear were subjected to
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a second procedure using first initial and sex together for blocking. In both phases,
four variables were required to match for a pair to be considered as a candidate link.
This approach left variables with higher discriminating power to resolve ties and mid-

weight pairs.

2. Matching: Deterministic Linkage

Using the SQL procedure in SAS, a total of 18,552 candidate pairs were
found. However, many were not truly likely pairs. The strategy for separating the
most likely candidate pairs from the unlikely candidates is described below.

As shown in Appendix C, one-to-one matches were found when the AHCIP
number, alone or in combination with other variables, was used to merge the files and
when all variables excluding AHCIP number were used in the merge. Most other
variable combinations resulted in many-to-many merges, such that each record had
more than one candidate match in the other file. This situation made the
identification of cases difficult since each record had several candidate partners. The

manual resolution of these pairs is described in the separation step (below).

3. Matching: Probabilistic Linkage

In the first phase of probabilistic linkage, files were blocked on birthyear only
and agreement on a minimum of 3 additional variables was required for candidate
pairs. Pairs meeting these criteria were removed before the second phase, in which

the files were blocked by sex and first initial and agreement on 3 additional variables



was required for candidate pairs. Alternative last names and first initials were
included as additional records and LinkPro ascertained the best match for each
individual. The output from LinkPro is in Appendix D.

In the first phase, 6,613 candidate pairs were identified with an additional
51,687 unresolved pairs (ties). The unresolved pairs were equivalent to the many-to-
many merges described for deterministic linkage. Many pairs with extreme weights
were easily classified as links or non-links. Both candidate and unresolved pairs
between the threshold weights guided by Jaro’s approach'*’ were printed for manual
resolution (see below).

The candidate pairs were removed from the files before the second phase of
probabilistic linkage. The second phase identified 2,134 candidate pairs and 10,482
unresolved pairs. The unresolved and candidate pairs between the threshold weights

were resolved manually (see below).

4. Separation: Identifying Probable Pairs

The pairs most likely to represent links were separated from all the candidate
pairs based on inspection of the output and manual review of some of the candidate
pairs in deterministic linkage. AHCIP number was thought to be the most robust
variable, so that pairs agreeing on AHCIP number (1,593 or 8.6%), were considered
to be probable links. Pairs that did not agree on at least four out of the remaining
seven vzriables, and those that did not agree on last name soundex or at least one

initial, were considered to be unlinked (15,324 or 82.6%). Only 1,635 (8.8%)
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original candidate pairs required manual resolution.

The probabilistic linkage results were assessed empirically, guided by a
variation of Jaro’s approach'*® (Appendix E). The upper threshold weights were
established based on logic. Since agreement on the AHCIP number or agreement on
all other variables was considered a match in the deterministic linkage, the upper
threshold was set at the point where the AHCIP number and at least one other
variable disagreed. This occurred for records with weights less than 32.36 in the first
phase of probabilistic linkage and for records with weights less than 32.31 in the
second phase of probabilistic linkage. The lower thresholds were set where no
further elements of the randomly generated set of unlinked pairs (U) occurred, which
was for records with weights greater than 16.60 in the first phase and for records
with weights greater than 17.30 in the second phase. Based on these thresholds, 184
candidate records required manual resolution from the first phase with 684 candidate
records from the second phase.

Unresolved pairs are generated by LinkPro where the program cannot
determine the best pair because the weights are the same for two or more candidate
pairs. Therefore, all unresolved pairs with weights greater than the lower threshold
must also be reviewed manually. Based on this criterion, 21 pairs from the first
phase and 399 pairs from the second phase of linkage qualified for review.

Reviewer agreement was very satisfactory. For the 1,635 record pairs
reviewed from deterministic linkage, an additional 64 (3.9% of those reviewed), were

identified by both reviewers for inclusion and 1,552 (94.9 %), were identified for
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exclusion by both reviewers. Agreement was 98.8%, with a kappa of 0.87. The

remaining 19 cases were discussed because the reviewers did not agree about whether
they should be included or not, or because at least one reviewer could not decide
either way. Two of the re-reviewed cases (10.5%) were included by consensus.

Of the 868 record pairs reviewed from probabilistic linkage, 30 (3.5% of those
reviewed) were included by both reviewers, 802 (92.4%) were excluded by both
reviewers and two cases (0.2%) could not be classified by either reviewer. This led
to inter-reviewer agreement of 96.1 %, with kappa at 0.65. After reviewing the 36
cases where the reviewers did not agree or where the reviewers could not classify the
case, eight of the re-reviewed cases (22.2%) were included by consensus.

Unresolved cases (ties) generated by LinkPro were also rated by the reviewers; ties
appearing in Phase I linkage were not removed for Phase II linkage and so could
appear as ties for Phase I as well as Phase I. Of the nine candidates from Phase I,
five (55.6%) were included by both reviewers and three (33.3%) were excluded; of
the 55 candidates identified from Phase II linkage, the same five cases (9.1 %) were
included by both reviewers and 48 (87.3%) were excluded. Agreement was 88.9%
for Phase I and 96.4% for Phase II, with kappa at 0.80 and 0.82 respectively. The

three unclassifiable cases were re-reviewed and rejected by consensus.

5. Comparison of Linkage Strategies: Deterministic versus Probabilistic
Before manual resolution, 1,593 pairs were considered to be clear matches

from deterministic linkage, with an additional 1,635 pairs requiring manual review.
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Probabilistic linkage resulted in 1,595 probable pairs (1,558 from the first phase, 37

from the second phase), with 868 pairs (184 from the first phase, 684 from the
second phase) requiring manual review, plus the unresolved cases generated as ties by
LinkPro. Following the review of unresolved pairs, 66 more pairs (4.0% of the
reviewed pairs) were identified in the deterministic linkage and 38 more pairs (4.4%
of the reviewed pairs) were identified from probabilistic linkage (with five cases from
the ties). There was a total of 1,659 cases ascertained by deterministic linkage and
1,638 cases identified by probabilistic linkage.

In total, 1,670 individuals were identified by at least one linkage strategy.
Table 5 shows the agreement pattem for the two strategies. The two strategies agreed
for the majority of the cases (99.7%) and level of agreement beyond chance, as
assessed by the kappa statistic, was excellent (kappa = 0.99).

Most of the cases (8 out of 11, or 72.7%), undetected by deterministic linkage
but identified in probabilistic linkage, were missed because the appropriate record had
been removed in an earlier deterministic step. Inspection of the competing candidate
records showed that the removal was inappropriate, usually resulting from
overemphasis on soundex code matches. In three cases (27.3%), AHCIP number
matched but more appropriate matches were found in probabilistic linkage. Each of
these three deterministic matches was based on AHCIP number and other variables,
such as sex, first initial and birthdate, mismatched considerably. The corresponding
probabilistic linkages were based on agreement of most variables except for AHCIP

number. Analysis using the combined results of both linkage used the information
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Table §. Agreement Between Deterministic and Probabilistic Linkage
Strategies: Colon Cancer as Qutcome
Probabilistic Assessment Total
Deterministic
Matched Pair Not Matched Pair
Assessment
=

.
Matched Pair 1,659
Not Matched Pair 11,198
Total { 12,857 ,

1,638 11,219 ,

kappa = 0.99

f
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from the probabilistic linkage in these cases for a total of 1,667 individuals.

Three of the 32 individuals (9.4%), undetected by probabilistic linkage were,
therefore, incorrect matches in deterministic linkage, based on over-reliance on the
AHCIP number. The remaining 29 individuals (90.6%) were missed by probabilistic
linkage because a poor match was found in the first phase, with blocking variable
birthyear, and the record was removed from contention for the second phase of

linkage, where the appropriate match would have been found.

6. Variable Agreement in Linked Pairs

The frequency of agreement between the linking variables in the matched pairs
was assessed to give an indication of the higher quality variables that may be more
useful in the future (Table 6). In particular, these values could be used to calculate
the merit ratio, adjusting the discriminating power by the frequency of disagreement
in linkable pairs in subsequent studies using data from the Alberta Cancer Registry
and the provincial health care insurance plan. Variables from the AHCIP dataset and
the cancer registry agreed over 95% in most linked pairs, except for day of birth
(about 85%) and middle initial (about 72%). AHCIP number was useful in both
linkage strategies, although the higher emphasis placed on it in deterministic linkage
resulted in higher proportions of records agreeing on AHCIP number using that

method, as opposed to the probabilistic method.
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Table 6. Variable Agreement in Linked Pairs: AHCIP and Cancer Registry

Linking Variables (Colon Cancer Cohort Only)

—
Agreement Agreement Agreement Agreement
in in in in Either
Deterministic | Deterministic | Probabilistic Linkage®
Linkage Linkage: Linkage
AHCIP
Matches
Only
(n=1,659) | (n =1,593) | (n = 1,638)
e
1,590 1,524 1,596 1,593
(95.8%) 95.7%) (97.4%) (95.6%)
Birthmonth 1,613 1,548 1,595 1,620
97.2%) 97.2%) 97.4%) 97.2%)
1,421 1,365 1,417 1,428
(85.7%) (85.7%) (86.5%) 85.7%)
First Initial 1,602 1,536 1,598 1,607
(96.6%) (96.4%) (97.6%) (96.4%)
Middle 1,205 1,154 1,192 1,205
Initial (72.6%) (72.4%) (72.8%) (72.3%)
Last Name 1,616 1,551 1,596 1,624
(97.4%) 97.4%) (97.4%) (97.4%)
Last Name 1,645 1,579 1,625 1,653
Soundex (99.2%) (99.1%) (99.2%) (99.2%)
Sex 1,646 1,580 1,630 1,654
99.2%) . (99.2%) (99.5%) (99.2%)
AHCIP 1,593 1,593 1,561 1,590
(96.0%) (100.0%) (95.3%) (95.4%)

Recall 3 AHCIP matches in deterministic linkage were corrected by competing candidates from

probabilistic linkage in combined analysis.
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7. Chart Review: Confirming Record Linkage

The individuals with colon cancer identified by record linkage were considered
diseased for the calculation of risk in the study. However, a chart review was used to
provide an external perspective and assessment of the effectiveness of record linkage
using Alberta data sources.

Of the 162 individuals diagnosed with colon cancer at least 10 years after
cholecystectomy, 102 (63.0%) had charts at the Cross Cancer Institute, but 10 were
non-reporting patients with incomplete charts. Of the remaining 92 patients, 2 (2.2%)
were identified by deterministic linkage only, with the remainder being identified by
both types of linkage. Unlinked records were frequency matched by diagnosis year.
Of the 3,510 eligible cases, 92 were selected for review.

Four charts (2.2%) were missing, but the remaining 180 charts were examined
by two reviewers. Agreement between the reviewers was 0.79, as assessed by the
kappa statistic. Agreement with record linkage was 0.56, with specifics shown in
Table 7 below.

The physicians of the 90 individuals whose chart review result did not indicate
history of cholecystectomy were contacted. The records for many of this group (36,
or 40.0%) were unavailable because the physicians could not be contacted or the
charts had been destroyed. The outcome of the manual review was updated using the
information acquired about the remaining 54 individuals (60.0%). Twelve more
individuals were found to have a history of cholecystectomy. The final assessment of

agreement between manual review and record linkage was 0.62 (Table 8).
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Table 7. Record Linkage versus Chart Review: Cancer Charts Only

Linkage Assessment Total
Chart Review
Matched Pair Not Matched Pair
Assessment
Matched Pair 90
Not Matched Pair 90
Total 102 78 180

kappa = 0.56



73

Table 8. Record Linkage versus Chart Review: Cancer Charts and

Physician Records

Linkage Assessment , Total
Chart Review
Matched Pair Not Matched Pair
Assessment
|
Matched Pair 85 102
Not Matched Pair 78
Total 102 78

180 l

kappa = 0.62
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Date of cholecystectomy was not recorded for many of the colon cancer
patients who had previous cholecystectomy recorded in their cancer charts (5, or
| 83.3%). If an approximate date was provided, most charts (14, or 93.3%) included
only the year of the procedure. In the follow-up with physicians, no complete dates

of cholecystectomy were provided; year alone was available for 7 patients (58.3%).

8. Secondary Endpoints: Linkage to Other Relevant Cancers

As discussed, patients diagnosed with malignant gallbladder disease were
removed from the cohort. In addition, patients diagnosed with pancreatic cancer or
cancer of the biliary ducts at any time following cholecystectomy had follow-up
truncated at the date of diagnosis, since their treatment often involved removing the
gallbladder. To identify these individuals, records of patients diagnosed with
gallbladder, biliary and pancreatic tumours were submitted for linkage to the AHCIP
cohort following the colon cancer cohort linkage.

Data quality for the records of these individuals was comparable to that of the
colon cancer cohort. Using the same exclusion criteria previously described, 659
Albertans were diagnosed with gallbladder cancer between July, 1969 and December,
1993. The majority (602, or 91.4%) were diagnosed by pathology and only 10
(1.5%) individuals were reported to the cancer registry based on the death certificate
only. The majority of the patients were female (456, or 69.2 %). Most of the
identifying information was complete, although middle initial was missing for 380

(37.7%) patients and AHCIP number was missing for 94 (14.3%).
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Biliary cancer was diagnosed in 484 Albertans between Ji uly, 1969 and

December, 1993; again, most individuals were diagnosed by pathology reports (360,
or 74.4%) with only a few notifications by death certificate only (16, or 3.3%). The
sex distribution for individuals diagnosed with biliary cancer was approximately equal
(249 males, or 51.4%, and 235 females, or 48.6%). Middle initials and AHCIP
number were again most likely to be missing (272 cases, or 56.2%, and 88 cases, or
18.2%, respectively).

Pancreatic cancer was diagnosed in 4,124 individuals between July, 1969 and
December, 1993. Most of these patients (2,788, or 67.6%) were diagnosed by
pathology report and only 160 (3.9%) were reported by death certificate only. As
with biliary cancer, slightly more than half (2,317, or 56.2 %) were men.
Approximately half (2,126, or 51.6%) of the patients’ records were missing middle
initial and almost a quarter (961, or 23.3%) were missing AHCIP number.

The magnitude of the discriminating power was slightly lower in the cohort of
individuals with gallbladder, biliary or pancreatic cancer than in the colon cancer
cohort. This was expected, given there were fewer individuals in this cohort
compared to the colon cancer cohort. However, the relative magnitude was similar
and the linkage approaches described for the colon cancer cohort were applied.

Deterministic linkage yielded 1,137 probable (AHCIP number) matches and an
additional 655 matches which were submitted for manual review. An additional
5,647 matches fulfilled less important deterministic criteria, so were not considered to

be potential links. Probabilistic linkage was again performed in two phases, first
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blocking on birthyear and then blocking on first initial and sex. The agreement
constructs developed in the colon cancer cohort linkage were used to determine the
cutoffs for probabilistic linkage. In the first phase, 1,143 probable matches were
identified (weights > 29.51), with 99 requiring manual review (weights between
16.95 and 29.51). Weights less than 16.95 were assigned to 1,996 matches and were
not considered to be potential links. In the second phase, 22 probable matches were
identified (weights > 29.37), with 189 other matches identified for manual review
(weights between 17.83 and 29.37). Weights less than 17.83 were assigned to 456
matches and these were excluded.

Reviewer agreement was again very satisfactory. The deterministic linkage
review resulted in an observed level of agreement of 98.5%, with kappa=0.95; 105
(16.0% of all reviewed pairs) were confirmed as linked pairs by both reviewers, and
5 more were added by consensus. The probabilistic review, excluding ties, resulted
in an observed agreement of 94.8%, with kappa=0.83; 44 (15.3% of all reviewed
pairs) were confirmed as links by both reviewers and 9 more were added by
consensus. Six probabilistic ties were also considered to be linked pairs by both
reviewers.

Table 9 shows the agreement between the two types of linkage. Observed
agreement between the approaches was 99.3%, with kappa=0.98. Most individuals
(28 out of 29, or 96.6%) identified through deterministic but not probabilistic linkage
disagreed on birthyear; the remaining pair identified in deterministic linkage matched

on birthyear but few other variables, leading to a low probabilistic weight.
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Table 9. Agreement Between Deterministic and Probabilistic Linkage

Strategies: Other Relevant Cancers as Outcome

Probabilistic Assessment Total
Deterministic
Matched Pair Not Matched Pair

Assessment

Matched Pair 1,247 |
Not Matched Pair 4,015 [
Total 1,224 4,038 r 5,262 "

& —————
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Individuals identified through probabilistic but not deterministic linkage were usually

identified in later steps of the deterministic linkage (4 out of 6, or 66.7%).
Additionally, one pair was excluded in deterministic linkage as the result of a
mismatch in an early deterministic step and another was excluded in the manual
review in deterministic, but not probabilistic, linkage.

The linkage between AHCIP records and the secondary cancer endpoints were
examined for agreement between linking variables. As with the colon cancer cohort,
agreement for most variables from the AHCIP dataset and the cancer registry was
over 95% in most linked pairs, except for AHCIP number (approximately 90%), day

of birth (approximately 80%) and middle initial (approximately 73%).

D. Estimates of Risk

1 Colon Cancer Risk in the Cholecystectomy Cohort Compared to the General
Population
The risk for colon cancer following cholecystectomy was based on the results
of linkage, but different linkage approaches did not identify the same individuals.
Therefore, risks were calculated for individuals identified (a) by deterministic linkage,
(b) by probabilistic linkage, and (c) by either deterministic or probabilistic linkage,

providing a sensitivity analysis for linkage.
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a. termination of the Fin hort

The files were prepared using a standard protocol to avoid bias and to allow
comparisons between the various linkage approaches. The final determination of the
number of individuals with cholecystectomy who subsequently developed colon cancer
is summarized in Table 10. Clearly, there was little difference in the final cohort

based on the linkage approach used.

b. Ovenll Risk by Type of Linkage

As discussed, age-, sex- and calendar year-specific colon cancer rates in the
Alberta population were applied to the corresponding person-years at risk to
determine the risk of colon cancer for the —cholecystectomy cohort. Induction periods
of 0, 1, 2, 5, 10 and 15 years were used. Appendix F provides an example of the
person-years at risk matrix, using the cohort defined by either type of linkage and a
5-year induction period. Appendix G shows the age-, sex- and year-specific colon
cancer rates for Alberta (1969-1993).

The SIRs are shown by induction period in tables. First, the person-years at
risk and the number of individuals in the cohort are displayed, followed by the
number of individuals observed to have colon cancer and the number expected, based
on the person-years at risk in the cohort and the rates in the comparison group. The
final columns provide the risk estimate and 95% CIs. The results of linkage are
presented in Tables 11 and 12 for deterministic linkage, Tables 13 and 14 for

probabilistic linkage, and Tables 15 and 16 for both linkage types combined. As



Table 10.

Deterministic
Linka,

Probabilistic

Linka

Summary of Final File Preparation, by Linkage Approach

Individuals with cholecystectomy = 92,301

Removed from cohort:

Gallbladder cancer diagnosed within 6 176 174 177
months of cholecystectomy

Biliary/pancreatic cancer diagnosed on or 114 111 115
before cholecystectomy

Colon cancer diagnosed before 376 374 381
cholecystectomy

Colon cancer diagnosed at same time as 264 261 264
cholecystectomy

Cholecystectomy after last date of follow-up 172 171 172
First and last dates of follow-up equal 26 26 26
Total removed 1,128 1,117 1,135
(% of total cohort) (1.2%) (1.2%) (1.2%)
Follow-up truncated:

Gallbladder cancer diagnosed more than 6 3 2 3
months from cholecystectomy

Biliary/pancreatic cancer diagnosed after 218 216 219
cholecystectomy

Colon cancer diagnosed after 607 596 609
cholecystectomy

Total truncated 828 814 831
(% _of total cohort) (0.9%) (0.9%) (0.9%)
Individuals with multiple 231 231 231
cholecystectomies

(% of total cohort) 0.3%) 0.3%) 0.3%)
Colon cancer diagnosed after 2 3 3
follow-up

(%_of individuals with cancer) 0.3%) 0.5%) (0.5%)
Final cohort 91,173 91,184 91,166
(% _of total cohort) (98.8%) (98.8%) (98.8%)
Individuals with colon cancer 605 593 606
(% of final cohort) 0.7%) 0.7%) 0.7%)
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shown in Figures 2 and 3, there is no appreciable difference in risk based on
deterministic, probabilistic or the combined linkage results. Therefore, subsequent

calculations of risk used the combined linkage findings.

c. Risk by Subsite
SIRs were calculated by subsite. Tables 17 and 18 present the results for right

colon cancer, which included tumours of the cecum, appendix and ascending colon
(ICDO codes C18.0-C18.2).. Tables 19 and 20 present data for mid-colon cancer,
which included tumours of the hepatic flexure, transverse colon and splenic flexure
(ICDO codes C18.3-C18.5). Tables 21 and 22 show results for left colon cancer,
which included tumours of the descending colon, sigmoid colon and rectosigmoid
junction (ICDO codes C18.6, C18.7 and C19.9). Data are not presented for excluded
and "other” colon, which included tumours classified as overlapping lesions of the
colon (C18.8) and "Colon, not otherwise specified” (C18.9). As shown in Figure 4,
there were no statistically significant risk estimates for any site, sex and induction
combination, and there was no apparent trend of increasing or decreasing risk from

the right to left colon.

2. Colon Cancer Risk in the Cholecystectomy Cohort Compared 1o the Varicose
Vein Cohort
As discussed, colon cancer rates in another cohort of individuals identified by

AHCIP, those with stripping and ligation of varicose veins, were determined to



Figure 2. Comparison of Standardized Incidence Ratios for Colon Cancer
Following Cholecystectomy: Different Linkage Approaches, by

Induction
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Figure 3. Comparison of Standardized Incidence Ratios for Colon Cancer
Following Cholecystectomy: Using Different Linkage Approaches,

by Induction and Sex
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Figure 4. Comparison of Standardized Incidence Ratios for Colon Cancer

Following Cholecystectomy: by Colon Subsite, Using Rates of
Colon Cancer in the General Alberta Population
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minimize bias associated with record linkage and to examine colon cancer risk in a
group that may have been more similar to the cholecystectomy cohort than was the
general population. The varicose vein cohort was prepared using a protocol similar to
that described for the cholecystectomy cohort. There were 19,746 individuals in the
unedited varicose vein cohort. Those with gallbladder, biliary or pancreatic cancer
had follow-up terminated at date of diagnosis; out of 32 individuals identified with
these cancers, only two were diagnosed before undergoing a varicose vein procedure
and were removed from the cohort, leaving 19,744 individuals for analysis.

Only 127 individuals in the varicose vein cohort (0.6% of the group) were
diagnosed with colon cancer. When individuals with cancer diagnosis before varicose
vein surgery were removed (26, or 20.5% of the cohort), the cohort was reduced to
19,718. An additional 16 individuals were removed from the cohort because their
dates of service occurred after their follow-up; one person had the same date for the
beginning and end of follow-up (resulting in no person-years at risk), so was deleted.
After this processing, 19,701 individuals remained in the cohort (99.8% of the
original cohort), including data for 100 individuals with colon cancer.

SIRs were based on the number of patients with only cholecystectomy and the
rate of colon cancer in patients with only varicose veins. Data for 6 individuals who
had undergone both procedures were removed before analysis. Tables 23 and 24
show the overall risk estimates, and Tables 25 - 30 show the risks by colon subsite.
The risk for males was significantly elevated when the varicose vein group was used

as the comparison group, except for cancer of the left colon (Figures 5 and 6).
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Figure 5. Analysis of Standardized Incidence Ratios for Colon Cancer
Following Cholecystectomy Using Different Comparison Groups:
the General Alberta Population versus the Varicose Vein Cohort
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Figure 6. Comparison of Standardized Incidence Ratios for Colon Cancer
Following Cholecystectomy: by Colon Subsite, Using Rates of
Colon Cancer in the Varicose Vein Cohort
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SIRs were also calculated for colon cancer risk in the varicose vein cohort
compared to the general population to aid in the interpretation of the results (Tables
31 and 32). Figure 7 shows that, when compared to the general population, the
direction of the risk was different for the cholecystectomy cohort compared to the
varicose vein cohort. In particular, the risk was somewhat increased for males in the
cholecystectomy cohort and somewhat decreased for males in the varicose vein

cohort. The effect was magnified in subsite analysis (Tables 33 - 38).

3. Colon Cancer Risk in the Cholecystectomy Cohort Adjusted for Confounding by

Gastric Procedures

The potential for confounding in the cholecystectomy-colon cancer relationship
was partly addressed by evaluating the risk adjusted for the presence of gastric
procedures.

As with the other AHCIP cohorts, the gastric procedures cohort underwent
processing before it was submitted for analysis. Initially, there were records for
21,950 individuals in the cohort. A total of 827 individuals were diagnosed with
gallbladder, biliary or pancreatic cancer, and most (685) were removed from the
cohort because the diagnosis preceded the service.

Only 363 individuals (1.7% of the cohort) were diagnosed with colon cancer,
and many of these (207) were removed from the cohort because the gastric procedures
were performed at or after diagnosis of colon cancer. This left 21,058 individuals in

the cohort. However, some (52) individuals had a service date after the last date of
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Figure 7. Standardized Incidence Ratios for Colon Cancer Following
Stripping and Ligation of Varicose Veins, Using Rates of Colon
Cancer in the General Alberta Population
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follow-up while others (18) had no follow-up (first and last dates of follow-up were
the same) resulting in their removal from the cohort. This left records for 20,988
individuals with a history of gastric surgery (95.6% of the original cohort), including
data for 156 individuals with colon cancer. As shown in Tables 39 and 40, there was

no change in risk estimates following adjustment.

E. Sensitivity Analysis: Influence of Completeness of AHCIP Effective Dates

As noted, some individuals (36,702, or 28.5%) identified in the AHCIP
datasets were missing the effective date of AHCIP coverage. A sensitivity analysis
was performed to examine the effect of assuming that these missing dates were
actually July 1, 1969, the first date of public health insurance in Alberta.

SIRs were re-calculated for the 65,086 individuals in the cholecystectomy
cohort whose records had complete date information. A higher proportion of females
(21,662, or 32.8%) were lost as a result compared to males (4,418, or 17.5%);
records for 81 individuals with colon cancer (13.4% of the original group with
cancer) were also removed, leaving 525 for analysis.

Tables 41 and 42 display the SIRs using the Alberta population as the
comparison group. Figure 8 shows that the analysis of records with complete date
information produced SIRs slightly less than the initial estimates and colon cancer risk
for males became statistically nonsignificant. The SIRs were also calculated using the

varicose vein cohort as the comparison group. For this analysis, both cohorts
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Figure 8. Sensitivity Analysis: Standardized Incidence Ratios for Colon

Cancer Following Cholecystectomy: All Records versus Records
With Complete Effective Dates, Using Rates of Colon Cancer in
the General Alberta Population
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incorporated only individuals with complete AHCIP effective dates (Tables 43 and
44). As shown in Figure 9, the overall SIRs for the early (O- to 5-year) induction
periods were significantly increased, and low rates in females became statistically

nonsignificant.

F. Stratified Analysis: Characteristics of Individuals with Colon Cancer versus

the Cohort

In total, there were 606 individuals with colon cancer that occurred after
cholecystectomy, representing only 0.7% of the total cholecystectomy cohort.
Comparing these individuals to the remainder of the cholecystectomy cohort, they
were older at the time of service (average age, 62.6 years versus 46.0 years for
members of the cohort without colon cancer, p < 0.001) and were also more likely
to have had their surgery in earlier years (median, 1980 versus 1983 for non-cases;
X*=171.9 with 20 degrees of freedom, p=0.001). These values make intuitive sense,
as younger individuals and those with more recent procedures would not have had
adequate time to develop colon cancer. Interestingly, individuals with colon cancer
were divided almost evenly between the sexes, with 339 (55.9 %) females and 267
(44.1%) males, while there was a considerably higher proportion of females in the
remainder of the cholecystectomy cohort (65,634 females, or 72.5%; X*=82.3 with
1 degree of freedom, p=0.001).

In the colon cancer cohort, 11,718 individuals were diagnosed since April,
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Figure 9. Sensitivity Analysis: Standardized Incidence Ratios for Colon
Cancer Following Cholecystectomy: All Records versus Records
With Complete Effective Dates, Using Rates of Colon Cancer in

the Varicose Vein Cohort
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1973 (the first date of service in the AHCIP cohorts). The 606 individuals with

cholecystectomy before diagnosis represented only 5.2 % of the total cancer cohort.
The average age at diagnosis was similar for cases regardless of cholecystectomy
status (average age, 69.5 years for those with cholecystectomy versus 68.6 years for
those without cholecystectomy; not significant) but the median year of diagnosis was
later for patients with cholecystectomy (median diagnosis year, 1988 for
cholecystectomy group versus 1985 for others; X*>=136.8 with 20 degrees of
freedom, p=0.001). Individuals with cholecystectomy were more likely to be female
(339, or 55.9% in the cholecystectomy group versus 5,663, or 51.0% for others;
X*=11.0 with 1 degree of freedom, p=0.001).

Initially, analysis by stage and histology of the tumour was proposed.
However, stage information was missing for the majority of the cancer cohort (8,647
missing, or 73.8%). In addition, most tumours were adenocarcinomas regardless of
the individual's cholecystectomy history (497, or 82.0% for the cholecystectomy
group versus 9,023, or 81.2% for others; not significant). A slightly higher
proportion of patients without a history of cholecystectomy had tumours with grade 0
(50, or 8.3% for cholecystectomy group versus 1,669, or 15.0% for others; X>=26.9
with 5 degrees of freedom, p=0.001); however, there was little difference for other
grades suggesting limited clinical significance.

These characteristics were compared for individuals with colon cancer
following cholecystectomy and the remainder of the cohorts for each induction period

used to calculate SIRs. The only differences by induction appeared in the colon
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cancer cohort, where differences in sex and grade distribution became nonsignificant
at 5 years. Under assumptions of 5 or 10 years of induction, individuals with a
history of cholecystectomy were slightly older when they were diagnosed with colon
cancer, but the difference was not clinically significant. Average age at diagnosis for
individuals with cholecystectomy was 70.3 years compared to 69.0 years for others,
assuming 5 years of induction (p = 0.02) and 68.9 years compared to 71.5 years,

assuming 10 years of induction (p = 0.003).

G. Summary

Many estimates of colon cancer risk following cholecystectomy were
calculated in this study. Table 45 presents a summary of the data, with a sensitivity
analysis combining the SIRs for the different types of linkage, comparison groups,
adjustments and levels of completeness of date information. Subsite-specific SIRs
were not included.

The point estimates are those obtained by both types of linkage when the
general population was used as the comparison group, since they were based on the
most stable rates and were comparable with the approaches used in other cohort
studies published in the literature. The range of SIRs is the highest and lowest point

estimates obtained.



Table 45.

Values, by Induction

Point Estimates of Standardized Incidence Ratios and Range of

=T

Point Range of Point Estimates
Estimate JL Lowest Highest
0 Males and Females 1
0 1.09 1.02 1.26
1 1.03 0.96 1.17
2 1.02 0.95 1.15
5 1.01 0.98 1.14
10 0.92 0.90 1.10
" 15 0.93 0.90 1.15
Females
0 1.03 0.94 1.06
1 0.94 0.86 0.96
I 2 0.92 0.84 0.95
“ 5 0.88 0.82 0.91
10 0.80 0.78 0.86
15 0.69 0.66 0.72 |
Males WI
0 1.19 1.10 1.61 TI
1 1.18 1.08 1.57 J!
2 1.17 1.05 1.53
5 1.21 1.13 1.62
10 1.13 1.08 1.65
15 1.36 1|8 1.31 2.67
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V. DISCUSSION

A. Overview

The nature of the risk for colon cancer imposed by cholecystectomy cannot
readily be determined in simple qualitative or quantitative terms. The methodology
used to study the association requires careful consideration and the putative etiologic
association may exist only for subgroups. The study methods will be discussed first

to provide the appropriate context for the discussion of the etiologic conclusions.

B. Methodology

1. Data Quality
a. General Comments

The effectiveness of record linkage is highly contingent on adequate data
quality. The data from AHCIP were of particular concern, as the data were collected
for business, not research, purposes. The most notable influences on AHCIP data
quality were the presence of negative claims records in the original dataset, non-
registrants who apparently received services, rates of missing identifiers, the
agreement of birthdate and sex in the two AHCIP datasets and the concern for
ineffective linkage in the AHCIP registrant database, resulting in multiple registrant

history records for each individual, particularly before 1983. Several potential
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problems were also identified in the data from the Alberta Cancer Registry, most
notably the rate of missing identifiers.

In general, poor data quality increases error. Where the varicose vein cohort
was used as the comparison group, the resulting SIRs may have been nonsignificant
because of increased random error associated with that cohort’s relatively small size
and data quality issues that would affect both AHCIP cohorts similarly. However,
where the general population was used as the comparison group, error associated with
data quality in the exposed cohort would lead to bias. That is, increased measurement
error would be expected to result in underlinkage and therefore, a relative decrease in
the observed number of cases, without a concomitant decrease in the expected number
of cases (i.e., SIRs below the true value).

4 AHCIP Data

The discovery of the negative claims records was fortuitous, since including
these records would have incorrectly inflated the number of claims per individual.
Further, 190 patients (0.1% of the cohort) without cholecystectomy would have been
included in the exposed cohort. Under the bile acid hypothesis, these individuals
would be at lower risk for colon cancer than the truly exposed individuals, so the
error would be expected to dilute the magnitude of the effect. The affected
proportion of the cohort was small, suggesting that the magnitude of the error effect
was negligible.

Another problem with the AHCIP data arose with the identification of a

number of individuals who did not have coverage at the time of procedure. The
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influence of this problem was relatively small since only 0.2% of the cohort was
affected, but the majority of the effect was probably among females in younger
agegroups. Since young women are more likely to undergo last name and registration
number changes than men or older women, it is likely that these individuals were
Alberta residents at the time of the procedure, but use of the incorrect registrant
number and underlinkage by AHCIP led to the apparent lapse in coverage. The data
showing that extending coverage by one or two years would have resulted in valid
coverage support this suggestion. In this study, any of these individuals who were
found to have colon cancer were not included in the observed portion of the SIR, but
they also had their person-years at risk truncated. This would lead to lower observed
and lower expected values, possibly increasing error in the SIRs, but minimizing bias.
Very few individuals in the cohort had missing identifiers. Of the cohort, less
than 0.1% were missing AHCIP numbers or date of birth, 0.3% were missing last
name and none were missing sex. A lar_ger proportion of the cohort (27.0%) were
missing one initial, with serious implications for the discriminating power of the
initials from the AHCIP datasets and rendering them only moderately useful in
linkage. Interestingly, the case-cohort study by Goldbohm et al'® referenced work by
Van den Brandt et al'®, showing very high data availability in the Netherlands’ data
sources. As shown in Table 46, birthdate, gender, family name (equivalent to maiden
name) and postal codes were always available in both the cohort file and the cancer
registry, while others were less prevalent. Alberta data were very comparable,

suggesting that data availability may be similar to that of other places. However, the
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Table 46. Comparison of Variables Available for Linkage: Netherlands
(based on data from Van den Brandt'®) and Alberta
Variable alort Cancer Registry
Netherlands'® | Alberta | Netherlands'® | Alberta
|
Birthdate 100% 95.2% 100% 98.8%
Gender 100% 100% 100% 100%
Family Name 100% 99.7%" 100% 100%*
Prefix of family name 13% NA 12% NA
Married Name 87% 99.7%" 85% 100%*
First Initial 100% 100% 99 % 100%
Place of Birth 100% NA 42% NA
Residential postal code 100% NA 100% NA

NA: Not Applicable

*: Current last name
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Alberta information on last names may not be as reliable as the Dutch information,
since the European data sources collected family name (meaning maiden name), which
an individual retains for a lifetime, while the family name provided by the Alberta

data sources was the current last name. Further, the family name provided by the

AHCIP referred to the head registrant’s last name and not the patient’s last name.
Thus the level of completeness of last name in Alberta’s data sources cannot be used
to infer data quality.

Validity was also assessed by examining the agreement within AHCIP files and
between AHCIP files and the Alberta Cancer Registry. The only variables common
to the AHCIP files were the unique personal identifiers (unique lifetime identifier,
linked to the AHCIP registrant numbers), birthdate and sex. For the same unique
identifiers, sex agreed consistently, but there was some disagreement for birthdate
between the claims dataset and the registrant dataset. When birthdates were
compared, 673 (0.5%) of the individual and service-specific records were missing
different birthdate elements. Further information on validity was assessed by
examining the agreement of variables in the pairs obtained by linking the
cholecystectomy cohort with the colon cancer cases from the Alberta Cancer Registry.
As shown in Table 6 (Results, page 70), the highest level of agreement was found for
sex and last name soundex (over 99%) and the lowest agreement was for day of birth
(85.7%) and middle initial (72.3%).

The level of variable disagreement among linked pairs suggests that some pairs

may have been missed in record linkage and that there were some inaccuracies in
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person-years at risk, but with only minor implications for the risk estimates. These
data suggest priorities for future linkages between AHCIP files and the Alberta
Cancer Registry. However, accurate assessment of data quality requires a follow-up
study of individuals identified in the AHCIP files, to ascertain data accuracy in static
variables (such as date of birth), and history in dynamic variables (such as names).
This strategy would come under the auspices of Alberta Health and would be
cumbersome to implement.

Previous studies using AHCIP data have suggested that underlinkage exists in
the registrant dataset.'® A similar situation was observed in the current study, since
the number of registrant numbers for each individual was lower for individuals
receiving services in earlier years of the cohort (Table 47). Bias could result when
the general population was used for comparison since person-years at risk and
therefore the expected number of cases, may have been incorrectly inflated.
Assuming that data from later years were more accurate, the person-years from the
earlier periods (pre-1983) may have been overestimated. However, this bias should
have been alleviated by the use of the alternative comparison group, which was
subjected to the same conditions as the cholecystectomy cohort.

A final consideration with the AHCIP data is the extent to which exposure was
captured. True cholecystectomies were likely always reported because physicians
were not paid unless they were reported. Data entry errors, leading to the recording
of cholecystectomy in a patient who did not receive the procedure, were more

difficult to assess, requiring a data quality study as described previously.
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Table 47. Average Number of Registration Numbers per Unique Identifier, by

First Service Year

First Service Year Average Number of
Registration Numbers per

Unique Identifier

1973 - 1975 1.16
1976 - 1978 1.20
1979 - 1981 1.25
1982 - 1984 1.29
IL 1985 - 1987 1.34
'L 1988 - 1990 1.38

" 1991 - 1993 1.41
— —
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i Alberta Cancer Registry Data
Most identifying information was complete in the Alberta Cancer Registry,

except for a large proportion of missing middle names (48.9%). AHCIP number was
missing for almost 10% of the individuals in the cancer cohort. Complete AHCIP
number history was not available on the Registry, limiting the usefulness of AHCIP
registration number in record linkage. These limitations reflect the usual use of the
data, which is registration, not research involving linkage with AHCIP files.
However, as shown in Table 46, Alberta’s cancer registry compared favourably with
previously published work from a European cancer registry.

The Alberta Cancer Registry was likely to have recorded most colon cancer
cases occurring in Albertans. A common way of assessing the quality of case
ascertainment in cancer registries is through the proportion of cases notified by death
certificate only. This was low overall and over time. Few cases would be included
as colon cancer cases that were not true diagnoses; this number would be difficult to

estimate.

b. Influence of Alternative Comparison Groups

As noted, bias to lower SIRs was possible when the general population was
used as the comparison group, since person-years at risk could be inflated, leading to
increases in expected values relative to observed. Another AHCIP-identified group
was used as the comparison to adjust for this bias.

A cohort of individuals who had undergone stripping and ligation of varicose
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veins was used as the comparison group, because preliminary investigation based on
minimal summary information showed that the average age and the sex distribution
were similar to the cholecystectomy cohort. Although there may be some common
risk factors for cholecystectomy and varicose veins, it is unlikely that varicose veins
are a risk for colon cancer. These characteristics suggested that the varicose vein
cohort would be a suitable unbiased unexposed group for this study. However,
analysis of the complete dataset indicated that this group was not as well matched to
the cholecystectomy cohort as first thought. Notably, there were significant
differences in service year and age at service for the two cohorts.

The low rate of varicose vein procedures from 1973 through 1978 remains
unexplained, but may have resulted from the introduction of new fee schedules in
1978, incorporating more varicose vein procedures. Thus the age- and sex-specific
rates of colon cancer in the varicose vein group may be underestimated for the longer
induction periods and may have contributed to unstable SIRs at 15 years of induction.

The varicose vein cohort was also considerably younger than the
cholecystectomy cohort. Although much of this difference was taken into account
with the age- and sex-specific stratification of the SIRs, there may have been
insufficient outcome events, because this relatively young group had simply not

reached the age at which colon cancer becomes more common.

2. Record Linkage

One of the main goals of the study was to examine the differences between the



140

different types of record linkage, for future application in studies using AHCIP and
Alberta Cancer Registry data. Almost the same number of individuals were identified
by deterministic and probabilistic linkage before manual review, although the
probabilistic approach limited the number of candidate pairs for manual review to
approximately half of the number identified in the deterministic approach. The
expanded manual review in deterministic linkage resulted in the identification of only
21 (1.3%) more linked individuals for deterministic linkage compared to probabilistic
linkage following manual resolution. However, the extremely high level of agreement
for case ascertainment between the two types of linkage suggests that the probabilistic
approach was more efficient, since the identification of the additional individuals by
the deterministic approach required considerably greater resources.

The conclusion that there was little difference between the two approaches was
further emphasized by the resulting SIRs. Probabilistic linkage resulted in slightly
lower risk estimates, but statistical significance or non-significance, was the same for
both linkage methods. The only exception was for males and females combined under
the assumption of no induction. However, the statistical significance of the
deterministic estimate was only borderline (95% CI=1.01-1.18).

The similarity of results between the linkage types may reflect the available
data. There were few variables for matching, so that the few variable combinations
could be easily programmed for the deterministic linkage and were essentially the
same as the decision rules used by the probabilistic program. The probabilistic

program would likely have been more efficient and less error-prone had there been
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more variables available. Therefore, the data appear to have been of sufficient
quality that either linkage approach could have been used.

Both linkage types may have a role in other environments, but in the current
setting, probabilistic linkage would be recommended for future projects using AHCIP
and Alberta Cancer Registry data, because of its efficiency gains. Additionally, the
availability of a consistent, pre-tested computer program gives the added advantage of

methodologic reliability.

3. Comparison of Chart Review and Linkage Results

A chart review was undertaken to define some parameters of the error rate in
linkage. The agreement was moderate, with some individuals identified by linkage
but not chart review and the reverse. This suggests that linkage may perform better
than chart review in terms of answering certain questions, especially those requiring
the actual date of a procedure. Of the 90 individuals identified with cholecystectomy
in the chart review, over 80% were missing date of cholecystectomy. Of those that
provided a date, over 90% only indicated the year of the procedure. When physicians
were contacted to resolve the presence or absence of cholecystectomy, charts could
not be found for 40% of the patients, and dates of procedures were no more readily
available, with 50% of the available charts having only some indication of the time
that cholecystectomy occurred.

These results suggest that a traditional retrospective chart review would not be

suitable to address the question of cholecystectomy as a risk for colon cancer.
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Indeed, charts from both the attending physicians and the Alberta Cancer Registry
were missing relevant information. This supports the assertion that linkage is of

particular value when data involve discrete exposures, such as surgeries.'*

C. Assessment of Risk

I Cholecystectomy as a Risk for Colon Cancer: Compared to the General

Population

a. All Colon Subsites Combined

The overall risk for colon cancer following cholecystectomy was close to unity
for all induction periods, ranging from a significantly high risk of 1.09 O5%
CI=1.01-1.19) when no induction was assumed to low, nonsignificant values of 0.92
(95% CI=0.78-1.07) and 0.93 (95% CI=0.69-1.21) for inductions of 10 and 15
years, respectively. A similar lack of an association was observed in the majority of
the previous cohort studies investigating this relationship.!"'? The significantly
increased risk when no induction was used is consistent with medical attention bias,
which may occur when cholecystectomy does not resolve abdominal complaints and
further investigation in the immediate post-surgical period reveals colon cancer.
Although risk estimates were not consistently statistically significant, the general trend
was for lower SIRs at later induction periods. This may result from long-term dietary
changes, such as decreased intake of dietary fat, or from continued medical follow-up,

including colonic screening and polypectomy, in the cholecystectomy cohort, such that
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the exposed group was actually protected from developing colon cancer. Early
detection of cancer resulting from increased post-surgical medical attention in the
cholecystectomy cohort would also lead to a decreased SIR in the short term.
However, it is unlikely that these practices occur frequently after surgical follow-up is
complete. Therefore, the SIRs associated with longer induction periods (especially 15
years), would be unaffected by such bias.

In addition to the biological influences, data quality may play a significant role
in the SIRs. Instability of the data in the earliest years of the cohort may have
contributed to overestimation of person-years at risk, resulting in inflated expected
values and risk estimates biased to sub-unity values.

The risk for colon cancer among the female members of the cholecystectomy
cohort was generally below the null value. The risk was highest with no induction
(SIR=1.03, not significant) and declined to a2 minimum at 15 years of induction
(SIR=0.69, not significant). With 10 years of induction, the risk was significantly
low (SIR=0.80, 95% CI=0.64-0.98). The lack of significance for the 15-year point,
despite a continued drop in the point estimate, was likely the result of insufficient
power to detect a risk of this magnitude, as only 26 cases remained at that time. As
with the overall risk, the reduced risk for females could be the result of either a
protective etiologic factor or poor data quality. Etiologic explanations include
changes in health care utilization and lifestyle factors, such as decreasing dietary fat
and increasing physical activity, which might be different for women with

cholecystectomy compared to women in the general population, resulting in lower
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colon cancer incidence in the cholecystectomy cohort. Unfortunately, there are no
data to test these hypotheses. Interestingly, the only other Canadian study of
cholecystectomy and colon cancer published to date reported a statistically significant
reduction in colon cancer risk for females.'” Although the biological explanation
remains unresolved, the previous study’s authors suggested that the results were
consistent with shorter fecal transit time associated with the increased cycling of the
enterohepatic circulation following cholecystectomy.

On the other hand, data quality would be expected to affect the risk estimate
for females more than the estimate for males, since females change key identifiers as
their marital status changes. This could contribute to underlinkage of AHCIP
registration number history, resulting in the same individual being represented several
times in the cholecystectomy cohort and in inflated person-years at risk.

The increased risk for males was unexpected, as the consensus from previously
published work is for increased risk for females but not for males. In this study, the
risk remained around 1.20, with all CIs excluding 1, for all induction periods up to
and including 5 years. The risk declined slightly to 1.13 at 10 years of induction and
rose to 1.36 at 15 years, but the CIs were not signficant and became very wide,
suggesting lack of statistical power resulting from few observed cases of colon cancer:
the number of individuals with cancer were 73 and 27 for 10 and 15 years of
induction, respectively. Moorehead et al® noted that power is typically too low to
assess risk of colon cancer following cholecystectomy for males, because relatively

few males undergo the procedure.
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These data may indicate lifestyle or medical care differences among males who
have had cholecystectomy, compared to males in the general population, but there are
no data to support or refute this assertion. As proposed in the study’s hypothesis, the
observed risk may result from exposure to unbuffered bile acids following
cholecystectomy, but this cannot be ascertained for individuals in this study.

Data quality issues were less likely to affect the risks for males compared to
females, because key identifiers that change for females with marital status likely
remained constant for males. Bias due to underlinkage, with concomitant
overestimation of person-years at risk and expected numbers of cases, is unlikely,
given the magnitude of the observed effects.

In summary, the overall SIRs represented a weighted average of the sex-
specific SIRs. However, the directions of the sex-specific risks were dissimilar. The
null values observed for males and females combined were the result of a decreased
risk for females being offset by an increased risk for males.

Although most studies reported a higher colon cancer risk for females
compared to males following cholecystectomy, a few observed a higher risk for
males. Three were small studies that may not have had sufficient power to detect a
difference: Kune et al’s'® Australian case-control study (odds ratio for males: 1.41,
95% CI=0.7-2.9; odds ratio for females: 1.07, 95% CI=0.2-7.0), Gudmundsson et
al's''® Swedish cohort study (relative risk for males: 2.86, p = 0.09; relative risk
for females: 0.49, p = 0.43), and Vobecky et al’s''? Canadian case-control study.

Only an assessment of statistical significance was provided in the last study: not
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significant for males and p = 0.05 for females. Goldbohm et al’s'® case-cohort study

in a Dutch population only had 5 years of follow-up at publication, but showed
elevated cancer risk for both sexes, with males at greater risk than females (relative
risk for males: 1.81, p = 0.02; relative risk for females: 1.47, p = 0.0S for
females). A study of an Icelandic population showed the greatest concordance with
the current study’s results, finding a significant increase in risk for males starting at
11 years post-cholecystectomy (relative risk for males: 2.73, 95% CI=1.25-5 19;
relative risk for females not provided). However, none of these studies offered any
rationale for the difference by sex. One would expect most dietary and other lifestyle
factors to be similar amongst all individuals with cholecystectomy, regardless of sex.
However, it is possible that, while all individuals make dietary changes, the protective
effect is more evident for women. This would fit with secular trends of colorectal
cancer that show larger decreases in incidence and mortality for women compared to
men,*'* in an era of lower consumption of dietary fat.'® There are no data available
for the current study’s population, but Goldbohm et al'® showed comparable risk
estimates even following adjustment for parity, obesity, alcohol intake and various
dietary factors.

Selection bias is also a possible explanation for the higher risk of colon cancer
observed for males alone. Because the profile of individuals at risk for gallstones, the
"five F's", focuses on females, women presenting with abdominal pain may be more
likely to undergo cholecystectomy than men presenting with similar symptoms.

Therefore, men who undergo cholecystectomy may be at extreme risk for both
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gallstones and colon cancer (in particular, they may be obese), while women who
undergo cholecystectomy may be more similar to their counterparts in the general
population. Thus, there would be bias associated with which individuals are selected
for gallbladder surgery based on gender.

The difference in the direction of the risk for males and females suggests that
there may be competing explanatory factors contributing unequally to the sex-specific
SIRs. It is possible that the true magnitude of the risk is reflected in the SIRs for
males, and that data quality problems or an underlying biological factors specific to
females result in their lower SIRs. While data on potential protective biological
characteristics are not available for individuals in this cohort, it is possible that
females who underwent cholecystectomy adopted lower fat, higher fibre diets and
undertook more physical activity. Hormonal effects may also contribute to an
observed protective effect, since parity, supplemental estrogen use and oral
contraceptives have been associated with increased gallstone disease,*? but decreased

risk of colonic cancer.!6%165

b. Risk by Colon Subsite

The trends observed for the colon persisted in the analysis of risk by colon
subsite. The explanations proposed for the patterns also apply to the subsite-specific
results. However, discussion of patterns by subsite are generally limited by
decreasing sample size and insufficient power.

In previous studies, the colonic subsite most at-risk for cancer following
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cholecystectomy was the right (ascending) colon. This was thought to result from
greater exposure to secondary bile acids. In the current study, no association was
seen when the general population was used as the comparison group. The pattern of
risk for females was similar to the risk for males and females combined, with a slight
but not significantly elevated risk at 0 years of induction (overall SIR: 1.12; SIR for
females: 1.06) and sub-unity risk for all other induction periods except for a
nonsignificant rise at 15 years of induction (overall SIR: 1.23: SIR for females:
1.00). The trend, although not significant, was different for males, however, with
elevated risk throughout, except for an unexplained decrease at 10 years of induction.
Interestingly, the magnitude of the risk at 15 years increased to 1.75; the 95% CI was
wide and lack of significance may have been simply due to inadequate sample size
and power, since only 10 males in the cholecystectomy cohort were diagosed with
right colon cancer following a 15-year interval.

The results for cancer of the mid-colon were unusual. Some of the previously
published studies divided the colon into only two subsites, proximal and distal, so
could not address cancer risk of the mid-colon. Overall, the risk estimates for the
mid-colon were increased for the 0-, 1-, 2- and 5-year induction periods, but only
significantly under the assumption of no induction (SIR: 1.23; 95% CI=1.01-1.49).
The overall SIR achieved significance largely due to the significant risk estimate for
males at O years of induction. The latter situation could result from medical attention
bias, but the significance of the mid-colon risk and lack of significance for either right

or left colon is difficult to explain and therefore may be attributed to chance. As with
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colon cancer risk overall, the direction of the risk for cancer of the mid-colon was
different for males and females. Bias due to differential data quality or biological
variations resulting in a relative increase in cancer risk for males and/or decreased
cancer risk for females could explain this variation, as discussed previously.
However, lack of significant risk due to diminishing sample size and power precludes
meaningful discussion of the sex-specific differences in risk for this colon subsite.

Overall, the risk for left colon cancer was not significant at any induction,
although the risk declined from 1.07 to 0.83 over time. A similar pattern was
observed for females, with a more substantial, but still nonsignificant, decrease in risk
(SIRs of 1.01 to 0.64 for 0 and 15 years of induction, respectively). A nonsignificant
elevation in risk (near 1.20) was observed for males for all induction periods. Again,
data quality and/or biological differences may contribute to the patterns of risk, but
are impossible to quantify in this study.

The general pattern by subsite was not expected under the hypothesis that
exposure to carcinogenic bile acids leads to increased rates of colon cancer. This
hypothesis would be supported by data showing a risk gradient with highest risk for
cancer of the right colon and lowest risk for cancer of the left colon. In fact, risk
appeared to be relatively constant at each induction point for all subsites. If anything,
the risk was slightly elevated for mid-colon cancer relative to right and left colon
cancer; possible explanations for this include an inappropriate choice of subsite
definitions, a chance occurrence or no relationship, under the proposed carcinogenic

mechanism. Since the subsite definitions were consistent with other studies where a
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left to right pattern was found, chance is a likely explanation. As noted, small sample
sizes limited the power of the subsite-specific analysis and constrained discussion,

beyond extrapolating arguments proposed for cancer risk for the colon as a whole.

2. Cholecystectomy as a Risk for Colon Cancer: Adjusting for Gastric

Procedures

Data on patients who had undergone gastric procedures were acquired to
compensate for potential confounding. Confounding was possible since many patients
were thought to undergo cholecystectomy and gastric procedures at the same time,
and gastric procedures have been associated with colon cancer risk. However, the
magnitudes of the adjusted and unadjusted risk estimates were very similar,
suggesting that gastric procedures are not an important confounder in the relationship
between cholecystectomy and colon cancer. In fact, less than 4% of the

cholecystectomy cohort had gastric procedures.

3. Cholecystectomy as a Risk for Colon Cancer: Compared 1o the Varicose Vein
Cohort
a. All Colon Subsites Combined

The cohort of individuals with varicose vein procedures was used as a
comparison group to compensate for any bias incurred by using record linkage to
determine the observed but not the expected values of the SIRs. The rates of colon

cancer in the varicose vein cohort incorporated any linkage effects, resulting in error
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but not bias in the SIR. Further, the varicose vein cohort was thought to be a more
suitable comparison group than the general population, because there are some
common risk factors for varicose veins and cholecystectomy that could be partially
controlled using the additional comparison group.

The risk for colon cancer for males and females combined was not statistically
significant except for a marginally significant increase under the assumption of no
induction (SIR: 1.15; 95% CI=1.06-1.24). This conclusion was also drawn when
the general population was used as the comparison group. However, the risk
estimates remained above unity even at 15 years of induction, suggesting that the
relative inflation of expected values may be corrected when a comparison group is
selected from the same source as the cohort of interest.

If females were more susceptible to underlinkage because of changing
identifiers, using an AHCIP-derived comparison cohort would decrease bias but
increase error. That is, underestimation of the observed and the expected numbers
would be anticipated to be at the same rates, leading to SIRs near unity. However,
risk remained below unity and even became significantly low for the shorter induction
periods (SIR for 1 year of induction: 0.86; 95% CI=0.76-0.96; SIR for 5 years of
induction: 0.82; 95% CI=0.71-0.95). The nonsignificant SIRs at 10 and 15 years
of induction may be attributed to inadequate power (n=88 and n=26 for 10 and 15
years of induction, respectively). The risk estimates for the more biologically
plausible induction periods (5, 10 and 15 years) ranged from 0.82 at 5 years (95 %

CI=0.71-0.95) to 0.72 at 15 years (95% CI=0.47-1.06). The direction of the
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apparent protective effect is consistent with the findings of the only previous Canadian
study,''? although the magnitude of the effect was considerably greater (odds
ratio=0.27, p = 0.05) in the previous study.

The risks for males were significantly increased for all induction periods. The
magnitude of the risk was consistently near 1.60 for O through 10 years of induction,
increasing to 2.67 for 15 years of induction. While this increase may reflect random
fluctuation, the pattem is consistent with an induction effect occurring at some point
after 10 years. Of previous publications, only Nielsen et al'* showed a significant
increase in risk (risk estimate=2.73; 95% CI=1.25-5.19) for males with at least 11
years follow-up post-cholecystectomy.

The sex-specific patterns of risk observed using the rates of colon cancer in an
alternative, AHCIP-derived comparison group were comparable with the previous
results, based on cancer rates in the general population. This suggests that data
quality issues did not bias the results substantially and that other factors were
responsible for the increased colon cancer risk following cholecystectomy for males
and the decreased risk for females. Plausible biological mechanisms for these
findings were described previously. Notably, females with cholecystectomy may
make more significant lifestyle changes that protect them from developing colon
cancer and/or males may be at increased risk because they are not protected from the
carcinogenic effect of bile acids by female hormones.

On the other hand, using the varicose vein cohort instead of the general

population as the comparison group may have replaced one set of biases with another.
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That is, the observed risks could result if the varicose vein cohort was an unsuitable
comparison group with biases and confounding leading to overestimated colon cancer
rates for females and underestimated colon cancer rates for males.

To investigate these possibilities, the risk of colon cancer in the varicose vein
cohort was calculated using the general population as the comparison group.
Unfortunately, the conclusions based on this analysis were limited because low
numbers of cases led to unreportable SIRs for 15 years of induction for all risk
estimates and for 10 years of induction for male estimates. For the induction periods
where stable SIRs could be calculated, the overall risk estimate for colon cancer in
the varicose vein cohort was very close to unity. Although non-significant, the risk
estimates were slightly over the null value. Lack of significance suggests a chance
finding, but the patterns in the risk estimates deserve some consideration.

One interpretation of these results centres around data quality. Critics of
record linkage, particularly when administrative data are used in cancer studies, may
suggest that low SIRs occur simply because of the methodology. AHCIP data for
females are thought to be particularly error-prone because of identifier changes
associated with changes in marital status. However, the slight excesses shown in the
varicose vein cohort’s SIRs suggested that this was not the case. The risk for colon
cancer in the varicose vein cohort showed an increased, though statistically
nonsignificant, risk for females, with SIRs near 1.20. Conversely, the risk for colon
cancer in the males of the varicose vein cohort was lower, though statistically

nonsignificant, compared to the general population, with a marked decline in risk
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estimates over time. These trends persisted in the subsite analysis, although many
SIRs were unreportable because of insufficient numbers of individuals with colon
cancer.

On the other hand, these data may be interpreted by examining varicose veins’
association with colon cancer. Although there is no evidence that varicose veins or
their treatment are directly associated with colon cancer, there are common risk
factors for the two conditions. Varicose veins are more prevalent in obese
individuals, with multiparous females at particular risk."*" Since increased dietary
fat intake, a correlate of obesity, is associated with increased risk of colon cancer, the
varicose vein cohort may have higher rates of colon cancer than the general
population. Conversely, if the females in the varicose vein cohort had higher rates of
supplemental estrogen use and were more likely to be multiparous than females in the
general population, there would be a decreased risk of colon cancer in the varicose
vein cohort. Therefore, the observed patterns could be explained if females with
varicose veins were more overweight as a result of consuming high levels of dietary
fat, offsetting any protection from hormone exposure. However, since obesity is also
a risk factor for cholecystectomy, SIRs for colon cancer risk in the cholecystectomy
cohort using the cancer rates in the varicose vein cohort would be expected to
moderate to near unity. The observed exaggeration of the protective effect shown
with the alternative comparison group argues against an explanation involving
common co-factors. This assumes, however, that the postulated common risk factors

for cholecystectomy, varicose veins and colon cancer are in effect in this population.
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For example, it is possible that decreased dietary fat is associated with the protective
effect observed for the cholecystectomy cohort while fat is not actually associated
with varicose veins. This would lead to a systematic difference between the two
AHCIP cohorts that could explain the observed patterns of risk.

The trend to reduced colon cancer risk for males in the varicose vein cohort
could not be explained by the obesity-dietary fat co-factor, since high intake of dietary
fat would result in an increased risk of colon cancer. Another unknown factor may
lead to the protective effect. Socioeconomic status (SES) may be a useful factor to
examine. Lower rates of colon cancer may be found in men who have undergone
varicose veins procedures if higher SES men are more likely to undergo varicose
veins procedures and to have lower-fat diets and higher levels of physical activity.
This effect may not occur for women since stripping and ligation of varicose veins
could be more universal for all social classes. Further, if men who undergo
cholecystectomy are more obese and of lower SES, then the varicose vein cohort
would be an unsuitable comparison group due to systematic differences associated
with SES.

The explanations for the risk patterns remain speculative because of the lack of
individual-level information regarding confounders. However, the SIR patterns were
similar regardless of the comparison group used. In summary, using the varicose
vein cohort as the comparison group allowed for estimation of colon cancer risk
following cholecystectomy with minimal methodologic bias, while using the general

population allowed for stability of rates and generalizability, given the larger
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population.

b. Risk by Colon Subsite

The patterns of risk by colon subsite were similar to those observed when the
general population was used as the comparison group, although the excess right and
mid-colon cancer risk for males and the excess mid-colon cancer risk overall became
significant. The general explanation for these trends is analogous to the discussion
for the trends described for the colon overall. Additional discussion of the findings is
limited by the paucity of individuals with cancer at each subsite, contributing to low
power. In addition, since the varicose vein group had few or no individuals with
cancer at certain subsites with the specified induction periods, the risk estimates were
often unstable because the rates for the expected numbers were missing for some age,
sex, year and subsite categories. For example, there were no males in the varicose
vein cohort contributing to the expected rates at 15 years of induction, leading to an
infinitely large SIR because the rates in the denominator were 0. Therefore, it is
assumed that the risk of right colon cancer was large for males at 15 years of
induction, as was the case where the general population was used as the comparison

group, but the precise magnitude of the risk was impossible to ascertain.

4. Influence of AHCIP Effective Date Quality on Risk Estimates
Approximately one-third of the study group did not have AHCIP effective

dates. For the majority of the analysis, it was assumed that these registrants were
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identified in the provincial insurance plan at its inception (July 1, 1969). A sensitivity
analysis, where only records with complete effective dates were included, showed
little difference in the general pattern of risk. As with the analysis using all records,
the overall risk for cancer using the records with complete dates alone remained close
to unity when the general population was used as the comparison group. Risk
declined over time for females and increased over time for males. However, the risk
estimates for earlier (0- to 5-year) induction periods for males became statistically
nonsignificant in the analysis of the records with complete dates alone, presumably
due to loss of power. The direction of risk also remained consistent with the original
analysis when the varicose vein cohort was used in the sensitivity analysis. However,
the statistically significantly low SIRs observed for females became nonsignificant and
the overall SIR became significant for the early (0- to 5-year) induction periods.

These results followed the predicted direction of bias. When SIRs for records
with complete dates were compared to all records and the general population was used
as the comparison group, the expected numbers were only slightly deflated, because
the rates of cancer stayed constant even though the observed and expected numbers
were reduced. However, the comparison of SIRs using the rates of cancer in the
varicose vein cohort were based on a larger reduction of expected values because the
rates were also affected by the complete date restriction. Thus, the sensitivity
analysis using the varicose vein cohort as the comparison group shows the effect of
date completeness more explicitly and suggests that there was an inflation of person-

years at risk and therefore, expected numbers, leading to underestimated SIRs.
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However, at biologically relevant induction periods, the conclusions did not differ by

clinically meaningful amounts.

D. Strengths and Limitations of the Current Study

1. Strengths

The design of this study incorporated several features that contributed to its
credibility. First, the study was a nonconcurrent cohort study, which allowed for
follow-up of exposed, cholecystectomized individuals with long induction, using
administrative data to minimize selection bias. Previous studies investigating the
association between cholecystectomy and colon cancer have been restricted because of
small sample sizes leading to low power, bias and lack of compensation for an
adequate induction period.

This study was the largest one to investigate the association between
cholecystectomy and colon cancer to date. Past case-control studies may have been
unable to find an association because cholecystectomy was a relatively rare exposure,
leading to few exposed cases in the study population. Some of the smaller cohort
studies may also have had limited power, because colon cancer was a relatively rare
outcome, and, given the moderate degree of risk, few cases would be detected in the
exposed group.

Power issues were exacerbated where insufficient induction was allowed; that

is, the interval between cholecystectomy and colon cancer would have to be fairly
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long to achieve the number of endpoints necessary. In two of the previously
published cohort studies,'”'® follow-up was very short and would likely lead to no
observable increase in risk because of insufficient induction. Power may have been a
particular problem for determining risks by age- and subsite-specific subgroups in
other studies, as well as in this study. For example, other studies’ observations that
cancer risk was increased for females with cholecystectomy but not for males could
result because cholecystectomy was considerably more prevalent in females, leading
to adequate power to find a difference in this group only.

Risk estimates calculated using various induction periods allowed investigation
of bias as well as possible etiology. Of note, Hyvirinen and Partinen showed peak
levels of colorectal cancer at 15 and 23 years.” However, some previous studies did
not consider the interval between cholecystectomy and colon cancer. For example,
many of the retrospective studies, including formal case-control studies and simple
chart reviews, could have documented an increased risk because they did not consider
induction. This possibility was supported by the current study, in which the SIRs
were significant when no induction was assumed, but often became nonsignificant
over time. Adami et al also observed steady declines in risk from significant levels
(risk estimate of 2.86; 95% CI=1.56-4.79) in the first post-operative year to
nonsignificantly decreased levels (risk estimate of 0.80) at 12 to 15 years post-
operatively.''® The phenomenon was demonstrated again in a study of diabetes as a
risk for pancreatic cancer, where the odds ratio dropped from 3.04 (95% CI=2.21-

4.17) to 1.43 (95% CI=0.98-2.07), when only patients with diabetes for more than
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three years’ duration were considered.'® Further, the risk estimates declined as
induction increased, from 3.04 at baseline (0 years of induction) to 0.73 when at least
15 years of induction was assumed. Therefore, increased risk estimates with very
short induction periods are suggestive of increased medical attention post-
cholecystectomy as symptoms are investigated more closely after surgery.

Biases inherent in many of the retrospective medical record reviews were
avoided by using health care insurance plan data. In their meta-analysis, Giovannucci
et al'* pointed out that many of the record reviews may not have been blind and that
information on cholecystectomy may be more complete in the records of cancer
patients, which could lead to an apparent, but false, increase in risk. In this study,
reviewers of both the linkage results and the medical charts were blind to exposure
status, ensuring that their conclusions were not influenced by knowledge of an
individual's surgical history. The use of AHCIP data also minimized selection bias,
compared to studies that used convenience samples, or direct contact with subjects.

Generalizability was limited in previous studies investigating cholecystectomy
and colon cancer because relative incidence by subsite was used instead of external
population controls. In contrast, this study used the Alberta population as its main
comparison group, which maximized the generalizability of the results, particularly to

residents of the province.

2. Limitations

Giovannucci et al'** suggested that there may not be any increase in colon
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cancer risk until 10 to 15 years post-cholecystectomy. Although this study allowed
for calculation of SIRs using these induction periods, there were fewer subjects
available for the later induction periods, leading to lower statistical power. In
addition, the greatest data quality concerns were for AHCIP data before 1983, which
coincides with the group a‘vailable for 10 or more years’ induction. Therefore,
nonsignificant SIRs at the later induction periods may not be indicative of a true lack
of risk, but of small numbers and poor data quality, leading to underestimated SIRs
with wide confidence intervals.

Two comparison groups were used in this study. As discussed, there are
limitations to the conclusions derived from either of them: the varicose vein cohort
had few individuals contributing to the age-, sex-, and year-specific rates, while the
general population potentially introduced methodologic bias associated with record
linkage. Regardless of the comparison group used, some individuals with
cholecystectomy would have been included; for example, some individuals would
have had cholecystectomy elsewhere, or before the inception of the provincial health
care insurance plan in 1969. Although the effect of this contamination was probably
minimal, it could result in SIRs biased toward unity.

The influence of potential confounders, such as dietary fat, obesity, hormones
and presence of gallstones, were not addressed in this study because of the
unavailability of suitable information to apply to the cohort. Assuming that dietary fat
and obesity are positively associated with both cholecystectomy and colon cancer,

adjusted SIRs would likely decrease. Conversely, assuming that female hormones



162

protect against colon cancer, the adjusted SIRs would likely increase, except for
males’ SIRs_, which would remain constant.

However, there is little consensus about the relevance of these factors in the
literature and studies that have investigated the influence of both cholecystectomy and
dietary factors on colon cancer risk suggest that they may be relatively unimportant.
Initially, the largest concern for this study was the confounding effects of dietary fat,
but the protective effects of cruciferous vegetables and fibre were more important in
altering colon cancer risk than the risk imposed by dietary fat in several studies.®'®
In the case-cohort study by Goldbohm et al'?, adjustment for parity, obesity, alcohol
intake and other dietary factors relevant to colon cancer made very little difference in
risk; adjustment decreased the risk between cholecystectomy and colon cancer from
1.81 to 1.78 for males and increased the risk from 1.47 to 1.51 in females.

An issue that remains unresolved by this study is whether cholecystectomy or
simply the presence of gallstones might be the more important risk factor. If
cholecystectomy patients are already at risk for colon cancer due to gallstone disease,
adjusting for gallstones would decrease the risk estimates. However, since some
individuals may have asymptomatic gallstones, the expected numbers may also be
slightly inflated. Therefore, true adjustment for gallstones would require screening of
both the exposed cohort and the comparison groups, as attempted by Mannes et al.'s’
These authors found an association between adenomas and cholecystectomy but not
adenomas and galistones.

Data quality was a potentially limiting factor in this study. Even though
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agreement between variables was found to be comparable with other published work,
data availability does not imply validity and the magnitude of the validity issue
remained largely unresolved in this study. Further, variables such as tumour stage
that were potentially useful in discriminating between individuals found to have both
cholecystectomy and colon cancer and those with only one factor were not available
for the majority of the individuals in the study.

Although the results of this study may be applied to the Alberta population,
they cannot be extended further. As noted by Moorehead and McKelvey, 's® the
difference in conclusions between this and other studies may be partly due to the
underlying rates of colon cancer in populations. Recent statistics for 1983 to 1987
showed that Sweden’s incidence rate for colon cancer (adjusted to the world standard
population) was 17.5 per 100,000 while Alberta’s incidence rate was 21.8 per
100,000.' The similarity of rates suggest that an association may not be documented
in either population because of relatively low rates compared to areas where an
increased risk following cholecystectomy was reported, and therefore insufficient
numbers of individuals with colon cancer in the study group contribute to low
statistical power. Further, different populations have different risk factor prevalences,
which may influence the rates of both colon cancer and gallstones and may act as
confounders.

There were many analyses incorporated into this study, with risk estimates
calculated for the sexes separately and combined, for colon subsites separately and

combined and for six induction periods. The level of statistical significance was not
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adjusted to compensate for multiple testing. This adjustment would be difficult to
carry out given the interdependence of a large number of the analyses performed in

the course of this study.

E. Conclusions and Recommendations

The primary objectives of this study were to examine the risk of colon cancer
following cholecystectomy, for both genders combined, for both genders separately
and for each tumour site (left, right and mid-colon), and to evaluate the effectiveness
of two types of record linkage as methods for cohort follow-up using Alberta data.

The study did not establish an overall increased risk for colon cancer following
cholecystectomy for Albertans. A possible increase in the risk for males may have
been obscured by decreasing numbers of study subjec.:ts and diminishing power at
biologically relevant induction periods. No right-left gradient was observed in the
analysis by subsite, as might be expected from previous research, although there was
a trend to a significantly increased mid-colon cancer risk, which remains unexplained.

These results do not support the hypothesized mechanism of increased risk
resulting from altered bile acids in the colon. However, the results could be
explained if bile acids were carcinogenic in the colon, but the presence of protective
factors, such as exposure to female hormones through exogenous estrogen use or
pregnancy, masked the effect in females.

Record linkage, using either the deterministic or the probabilistic approach,
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was found to be suitable for addressing the question of colon cancer risk following

cholecystectomy using AHCIP and Alberta Cancer Registry data. Data deficiencies

were identified, which may have limited the ability to link individuals, but overall
record linkage compared favourably with traditional chart review.
The recommendations from this study are:

I. The data should be analyzed again in 5 years and in 10 years, when a higher
proportion of the cohort has achieved suitable induction and the power of the
study to detect a true difference in risk will be higher. A truly nested case-
control study could also be undertaken to investigate the role of diet and other
confounders on the relationship between cholecystectomy and colon cancer,
although obtaining a sufficient number of exposed cases to allow detection of
this moderate effect may be problematic. Statistical modelling using Poisson
regression should be investigated in future analysis.

2. Future linkage studies using AHCIP data and the Alberta Cancer Registry
should use probabilistic linkage. Although this method tended to
underestimate risk slightly, the differences were not clinically significant and
the gains made using deterministic linkage required substantially more human
resources.

3. Data from AHCIP, particularly before 1983, remain questionable. Further
review and specification of data validity is required before other nonconcurrent

cohort studies using this data source are initiated.
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APPENDIX A. ALBERTA HEALTH CARE INSURANCE PLAN FEE CODES
FOR PROCEDURES

(Procedure, Effective Years, and Feecode)

L. Biliary Tract Procedures
a. Cholecystectomy
Cholecystectomy 1973-1976

1977-1992

b. Other Procedures, "With or Without Cholecystectomy"”

Transduodenal 1972-1976
Sphincteroplasty 1977-1993
(with or without 1986-1993
cholecystectomy)
Choledocho- 1972-1976
enterostomy 1977-1993
1986-1993
Choledochostomy 1972-1976
1977-1993
1986-1993

C. Cholecystostomy

Cholecystostomy 1972-1976
1977-1993

2. Stripping and Ligation of Varicose Veins

Ligation of deep 1973-1976
vein and stripping

saphenous

Radical multiple 1973-1976
ligation of

incompetent

K-114
K-114A
K-389
K-390

K-117A
K-393
K-393A

K-118
K-394
K-394A

K-117
K-392
K-392A

K-115
K-388

K-106

K-108



communicating veins
of lower leg

Superficial femoral
- ligation

Post-phlebitic leg,
lation of deep vein
and stripping of
saphenous

Saphenous ligation,
bilateral

Ligation and
stripping of long
saphenous,
bilateral

Ligation and stripping
of long and short
saphenous veins, bilateral

Saphenous ligation,
unilateral

Ligation and
stripping of long
saphenous, unilateral

Ligation and
stripping of long and
short saphenous
veins, unilateral

Ligation and
stripping of short
saphenous vein

Varicose veins
(complicated)

Radical multiple
ligation of

1973-1976

1977-1987

1977-1989

1977-1989

1977-1989

1977-1993

1977-1993

1977-1993

1977-1993

1977-1993

1977-1993

K-109

K-541

K-533

K-535

K-537

K-532

K-534

K-536

K-538

K-539

K-540

180



incompetent
communicating veins
of lower leg -
excludes stripping of
long saphenous vein

3. Gastric Procedures

Epigastric hernia

Anti-reflux procedure

Anti-reflux procedure
for recurrent
esophagitis following a
previous repair

Vagotomy: transthoracic
or abdominal

Vagotomy: selective,
for denervation of
parietal cells

Pyloroplasty

Gastroenterostomy

1972-1976
1977-1993

1972-1976

1976-1978

1979-1993

1972-1979
1980-1993

1972-1976
1977-1983
1984-1993
1972-1976
1977-1993
1972-1976
1977-1987
1988-1993

1972-1976
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K-209
K-368

K-69 (oesophagus: cardioplasty)
K-143 (esophago-gastric
reconstruction)

K-426 (cardioplasty)

K-427 (esophago-gastric
reconstruction)

K-426 (anti-reflux procedure)
K-427 (esophago-gastric
reconstruction)

NA
K-426A

K-164 (thoracic)
K-165 (abdominal)
K-430 (transthoracic)
K-431 (transabdominal)
K-430

NA
K-432

K-147 (adult)

K-148 (adult with vagotomy)
K-439 (adult without vagotomy)
K-440 (adult with vagotomy)
K-439

K-127 (without vagotomy)
K-128 (with vagotomy)



1977-1987
1988-1993
Gastrectomy, sub-total 1972-1976

1977-1982

1983-1987

1988

1989-1993

Gastrectomy, total 1972-1976

1977-1993

182

K-441 (without vagotomy)
K-442 (with vagotomy)
K-441

K-125 (with or without vagotomy)
K-125A

K-125B

K-125D

K-443 (with or without vagotomy)
K-444

K-445

K-446

K-443A (without vagotomy)
K-443B (with vagotomy)

K-444

K-445

K-446

K-443 (without vagotomy ONLY)
K-444

K-445

K-446

K-443

K-444

K-445

K-446

K-125E
K-125F
K-447
K-448
K-449

Note: Fee codes and full descriptions can be found in the general surgery section of
the Alberta Health Care Insurance Plan Handbook for Claim Submissions,

Edmonton: Alberta Health, 1972-1993.
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APPENDIX B. MEASURES OF INFORMATION, AHCIP AND COLON

CANCER COHORTS
== = =
Colon Cancer Cohort AHCIP Cohorts TI
Pocket Shannon Discrim. Pocket Shannon Discrim.
size entropy | power size entropy power”

Soundex, both 1.000 13.650 13.649 1.001 16.973 16.972
initials,
birthyear and
birthmonth
Soundex, both 1.003 13.645 13.642 1.011 16.953 16.942
initials, and
birthyear I
Soundex, first 1.012 13.627 13.617 1.085 16.808 16.728
initial, and
birthyear
Soundex, 1.018 13.614 13.598 1.109 16.766 16.672
birthyear and
birthmonth
Birthyear, 1.102 13.448 13.347 1.371 16.314 16.009
birthmonth,
both initials
and sex
Soundex and 1.172 13.323 13.171 1.921 15.602 15.056
birthyear
Birthyear, 1.170 13.324 13.168 1.539 16.075 15.691
birthmonth and
both initials
Birthdate 1.381 13.042 12.872 4.701 14.418 14.166
Birthyear, 1.383 13.013 12.794 4.043 14.421 13.983
birthmonth,
first initial and
sex
Birthyear, 1.686 12.658 12.395 6.483 13.746 13.407
birthmonth and
first initial
Last name 1.668 12.284 10.965 3.264 13.768 11.486
Soundex 5.497 10.170 9.276 31.833 10.449 9.475
AHCIP 1.093 12.789 7.088 1.000 16.976 16.976
number
Both initials 25.359 7.207 5.843 204.163 7.918 7.025
First initial 494.500 4.176 3.947 4771.370 4.214 4.024
Middle initial 494.500 3.087 1.953 4954.885 3.744 3.070
Birthyear 127.297 5.879 5.660 1091.754 6.174 6.021
Birthday 401.781 4.976 4.963 4025.844 4,988 4.976
Birthmonth 1071.417 3.583 3.580 9909.769 3.591 3.585
Sex 6428.500 1.000 1.000 64413.500 0.909 0.832

* Discrim. power = discriminating power
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APPENDIX C. DETERMINISTIC LINKAGE RESULTS

et — s

Variables Records Number Number of Match Ratio
Used in (Individuals of Individuals _ (ULI:ACB¥#)
Merge Available for Merge | Matched | Respresented in

Pairs Matched Pairs

—
o] B A

—

128,827 | 12,857 915 915 915 l1:1

AHCIP#,
lastname,
first initial,
middle
initial,
birthdate,
sex

AHCIP#,
alternative
lastname,
first initial,
middle
initial,
birthdate,
sex

127,912 11,942 5 5 5 1:1

AHCIP#
only

127,907 11,937 673 673 673 1:1

Soundex’, 127,234 | 11,264 43 43 43 1:1
first initial,
middle
initial,
birthdate,
sex

Alternative 127,191 11,221 0 0 0 I:1
soundex?,
first initial,
middle
initial,
birthdate,
sex

Soundex, 127,191 11,221 24 24 24 I:1
first initial,
middle
initial,
birthyear,
birthmonth,
sex
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Altemnative
soundex,
first lmtlal
middle
initial,
blrthyear
blrthmonth,
sex

127,167

11,197

24

13

14

1:1.08

Soundex,
first mmal
middle
initial,
bmhyear
birthmonth

127,153

11,184

1:1

Alternative
soundex,
first mmal
middle
initial,
blrthyear
birthmonth

Soundex,
first mmal
middle
initial,
birthyear,
sex

127,149

11,180

10

1.20:1

127,144

11,174

139

132

139

1:1.05

Altemative
soundex,
first mmal
middle
initial,
bmhyear
sex

127,005

11,042

175

92

75

1.23:1

Soundex,
first mmal
middle

lmtlal
blrthyear

126,930

10,950

71

69

71

1:1.03

Alternative
soundex,
first lmual
middle
initial,

| birthyear

126,859

10,881

50

37

35

1.06:1

Soundex,
first mmal
birthyear,
sex

126,824

10,844

629

553

621

1:1.12
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Alternative
soundex,
first mmal
birthyear,
sex

126,203

10,291

458

263

253

1.04:1

Soundex,
alternative
first initial,
birthyear,
sex

125,950

10,028

I:1

Alternative
soundex,
alternative
first initial,
birthyear,
sex

125,943

10,021

1:1

Soundex,
bmhyear
blrthmonth,
sex

125,942

10,020

615

571

604

1:1.06

Alternative
soundex,
bmhyear
bmhmonth
sex

125,338

9,449

243

179

181

1:1.01

Soundex,
first mmal

birthyear

125,157

9,270

320

297

320

1:1.08

Alternative
soundex,
first lmtla.l

birthyear

124,837

8,973

80

61

68

1:1.11

Soundex,
altematlve
first initial,

birthyear

124,769

8,912

<

1:1

Alternative
soundex,
alternative
first initial,

[_birthyear

124,762

8,905

1:1

Soundex,
bmhyear
birthmonth

124,762

8,905

481

445

475

1:1.07

Alternative
soundex,
blrthyear
birthmonth

124,287

8,460

119

96

98

1:1.02
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First initial,
middle
initial,
birthyear,
birthmonth,
sex

124,189

8,364

5941

2878

5099

1:1.77

Soundex,
birthyear,
X

Alternative
soundex,
birthyear,
sex

119,090

5,486

2196

1362

2098

1:1.54

116,992

4,124

460

223

391

1:1.75

First initial,
middle
initial,
birthyear,
birthmonth

116,601

3,901

886

559

836

1:1.50

Soundex,
birthyear

115,765

3,342

745

525

727

1:1.38

Alternative
soundex,
birthyear

115,038

2,817

91

77

90

1:1.17

Birthdate,
sex

114,948

2,740

2058

1070

1987

1:1.86

Birthdate

112,961

1,670

527

312

514

1:1.65

First initial,
birthyear,
birthmonth,
sex

112,447

1,358

390

242

372

1:1.54

Alternative
first initial,
birthyear,
birthmonth,
sex

112,075

1,116

12

12

1:2.00

First initial,
birthyear,
birthmonth

112,063

1,110

151

108

137

1:1.27

Alternative
first initial,

birthyear,

! Soundex = soundex code for last n
° Alternative soundex =

|Lbirthmonth ||

111,926

1,002

1:2.00

ame using soundex algorithm in LinkPro
soundex code for altemnative last name from the Alberta
Cancer Registry using soundex algorithm in LinkPro
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APPENDIX D. PROBABILISTIC RESULTS: LINKPRO OUTPUT

Variable abbreviations:
BTH_YR Birthyear
SEX Sex
AHCIPNO  AHCIP registration number
SOUNDEX Soundex code for last name
LSTNAME Last name
FSTINIT First initial
MIDINIT Middle initial
BTH MO  Birthmonth

BTH DY  Birthday
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APPENDIX E. PROBABILISTIC LINKAGE THRESHOLDS

Phase I. Block on Birthyear Only

Column abbreviations:

OBS
AGREE
CONSTRCT
MCOUNT
MPERCENT
_WGT
UCOUNT
UPERCENT
MCUMFREQ

UCUMFREQ

Observation number (from SAS)

Number of variables that agree in candidate pair
Construct of variables that agree

Number of observations in M

Percent of all observations in M

Probabilistic weight

Number of observations in U

Percent of all observations in U

Cumulative frequency of M

| - cumulative frequency of U



Constructs for Phase I of Probabilistic Linkage

Merge of MATCHED and UNMATCHED
(U based on sample of n=136,000)
CONSTRUCT: BYR/SEX/ARCIP#/SNDX/LST/FST/MID/BMO/BDY

0BS AGREE CONSTRCT MCOUNT MPERCENT

LOW (EXCLUZE from review;

i o] 0600000000
2 1 003000001
ki L 003000010
1 2 000000011
S i 600000100

6 2 000000L0L
7 2 000000110
8 2 000000111

9 i 000001000
10 2 000001001
11 2 000001010
12 3 00go0lL01L
13 2 Q00001100
14 3 0Qgo001LLOL
1S 3 000001119
16 1 000100000
17 2 000100001
18 2 000100010
19 2 000100100
20 2 000101000
21 3 000101001
22 2 000110000
23 3 0060110001
24 3 Q00110010
25 3 000:10100
26 3 000111000
217 1 010000000
28 2 010000001
29 2 010000010
30 3 010000011
31 2 010000100
32 3 01000010t
33 3 010900110
34 4 010000111
35 2 010001000
36 3 010001001
37 3 010001010
38 4 010001011
39 3 010001100
40 4 a10001101
41 4 010001110
42 S 01000111t
43 2 gioi00000
44 3 010100001
45 3 010100010
46 3 010100100
47 3 010101000
48 4 010101001
49 3 010110000
50 4 010110001
51 4 0101100190
52 4 010110100
53 4 010111000
54 S cloli1i00
5SS 1 100000000
56 2 100000001
57 2 160000010
58 3 100000011
59 2 100000100
60 3 100000101

EXCLUDE from dataset)

. -9999.99
. -999%.99
. -9993.93
. -9993.93
. ~-999%.5%9
- -9999.93
- -9999.5%9
. ~9293.93
. -9999%.99
. -9993.93
. -993%.99
. -9999.99
- -9993.99
. -9999.99
. -999%.99
. -9999.99
- -9999.99
- ~9999.99
. -9999.99
. -9999.99
. ~9999.99
. -99939.99
. ~9999.99
. ~9999.99
. -9999.99
- ~3999.99
. -9999.99
- ~9999.99
. -9939.99
. -9999.99
. -9999.99
. -9993.99
. -9999.99
. ~9999.99
. -9999.99
. ~9999.99
. ~-9999.99
. -9992.99
. ~-9999.99
. -9999.99
- -9999.99
- -9939.99
- -9999.99
. -9999.99
. -9999.99
- -9999.99
. -9999.99
. -9999.99
. -9939.99
. -9929.99
- -993¢9.99
. -9939.99
. -9999.99%
. -9999.99
. -9999.99
. -9999.99
. -3939.99
. -9999.99
. -9999.99
. -9999.99

43274
14405
3832

125
6509
217

~—
NN O~ JONN

&
[+ ] W=y
LT I .

w

*+ OO O KON e~
.

Q< uanDmom

0

. . L] . .
N G N A e

Pt W U0 W W e
DO N

<

1.9037

0.2044
0.3212
0.0031
0.0287
0.0301
0.001S
0.0037
0.0039
0.0022
0.0007
0.0154
0.0007
0.0022
0.0007
0.0007
38.7301
1.2237
3.5088
0.1176
6§.9169
0.2257
0.6346
0.0154
2.7250
c.07¢7
0.2471
0.0L10
0.5353
0.0140
0.0507
0.0029
0.0449
0.0015
0.0015
0.0066
0.0051
0.0007
0.0125
0.0007
0.002¢9
0.0915
0.0015
0.0015
0.3326
0.0103
0.032¢6
0.0007
0.0825
0.0029

_HGT UCOONT UPEPCENT MCUMFIEQ UCUMERESD

58.1809
67.1478
54.2565%
84.1533
$5.2794
59.219¢%
53.7233
Sg.7728
56.8721
56.819:1
53.58456
55.641L
558.3199
56.3118
56.2831
56.252¢%
56.2515
$6.2478
56.2419
56.2397
56.2390
56.2235
56.2223
56.22086
$6.2199
56.2191
17.4890
16.2603
12.751S
12.6338
5.7169
5.4912
4.8565
4.8412
2.1162
2.037S
1.7904
1.7794
1.2441
1.2301
1.1794
1.1765
1.1316
1.1301
1.1287
1.1221
1.1169
1.1162
1.1037
1.1029
1.1000
1.0985
1.0971
1.0956
0.7529
0.7426
0.7000
0.6993
0.6368
0.6338
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Constructs for Phase I of Probabilistic Linkage (continued)

muuc\mmu\u‘uuumuu\u‘hhhamwwumuhmu‘huhnumanaaaaaAAJ-»»A»hhhuuwwNuquuwu

100000110
100001000
100001001
100001010
100001100
1001000G0
100100001
110000C00
110000001
110000010
110000100
110001000
110000101
110001100
110000110
109001101
100000111
10GO01LLLO
110001001
110000011
110001010
100001011
110100100
100100101
100101100
100100110
110100001
110101000
110100010
110001101
110000111
100101001
100100011
110001110
100101010
100001111
110001011
100110100
110100101
110101100
110100110
100101101
100100111
100101110
110110000
100110001
100111000
100110010
110101001
110100011
110101010
110001111
100101011
110110100
100110101
100111100
100110110
110101101
110100111
110101110
110110001
110111000
110110010

0.1503
¢.2111
0.5427
0.09%05
6.1508
0.3618
0.6332
1.4172
5.3520
2.4122
1.3418
0.0754
0.C603
0.2111
0.5427
1.1156
1.67235
2.1710
4.4022
0.06905
0.0603
11.4729
0.2412
1.2315
6.9953
1.5981
0.6483
1.3287
1.7941
0.0302
0.0302
0.0905
8.2014
0.4975
0.8895
1.5528
0.2412
0.3015
0.6483
2.5829
0.0302
3.0303
0.2111
0.1508
0.5126
0.0151
0.0754
0.2714
0.6935
2.3820
2.8946

~9999.99
-~9999.99
-9999.99
-9999.99
-9999.99
-9999.99
—-9999.99
-9999.99
-3999.99
-9939.99
-9999.99
-9999.99
~-1.48
-1.27
-1.27
-1.01L
-1.01
-0.80
1.03
1.04
1.25
1.50
2.32
2.57
2.78
2.79
4.62
4.83
4.84
4.93
1.93
5.09
5.09
5.14
5.30
5.40
7.45
8.14
8.52
8.72
8.73
8.98
8.99
2.19
10.19
10.44
10.65
10.66
11.03
11.02
11.24%
11.34
11.50
14.08
14.34
14.55
14.55
14.92
14.93
15.13
16.39
16.59
16.60

0.0022
0.0184
0.00G7
0.0037
0.0044
0.00Q07
0.c007
0.3385
0.0:32
0.0390C
0.09483
0.0331
0.0022
0.006%6
0.0044%

Q.00Q1L5
0.0007
0.0044

0.0007

0.0007

0.0007

34.239
34.73!
36.C352
4£43.037
44.835
45.304
46.632
48.325
48.453

48.4335

0.0000
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Constructs for Phase I of Probabilistic Linkage (continued)

REVIEW:
124 5 100111001 8 0.1206 16.85 73.5353 0.30¢C0
125 5 100110011 [ 0.0905 16.3¢6 T3.33¢ 0.0000
126 5 100111010 10 0.1508 17.06 74.239 0.0000
127 6 110101011 2 0.0302 17.44 74.12% 0.0000
128 6 110110101 3 0.1206 2¢.29 73.253 0.0Q00
129 6 110111100 3é G.5427 20.49 74.7332 0.0600
130 [ 110110110 32 0.4324 20.49 75.275% 0.080GC
131 (1 100111101 1 G.0151 20.74 75.220 G.0Ca0
132 6 100110111 b4 0.0151 20.75 75.345 ¢.caac
133 [ 100111110 L G.0151 20.96 78.326 0.8000
134 7 110101111 1 0.0151 21.33 75.335 0.00CC
135 [ 110111001 12 0.1809 22.79 IE.S1é 0.0090
138 6 LL1011001L 7 €.1055 22.80 75.€22 0.0000
137 [ 110111010 25 0.3769 23.00 7S.933 0.0Q00
138 4 101110000 1 0.01S51 25.58 78.014 0.0G00
129 S 111100010 2 0.0302 26.17 76.044 0.0000
140 6 111001110 1 6.0151 26.47 75.059% 0.0000
141 7 110110111 L 0.0151 26.69 756.074 ¢.0000
142 7 110111110 11 0.1658 26.90 76.2453 0.0000
143 6 111001011 i 0.0151 28.78 76.255 0.0000
144 7 110111011 17 0.2563 29.20 76.511 0.0000
HIGH (EXCLUDE from review; IMCLUDE in dataset)
145 6 111100011 1 0.0151 32.36 76.526 0.0000
146 7 111001111 [ 0.0905 32.67 76.617 0.0G00
147 8 110111111 44 0.6633 33.10 77.280 0.0000
148 7 111101110 1 0.0151 36.47 717.295 0.0000
149 € 111111000 4 0.0603 37.92 77.356 0.0000
150 6 101110011 1 0.0151 38.19 77.371 0.0000
151 6 101111010 1 0.0151 33.39 77.386 0.0000
152 7 111101011 9 0.1357 38.77 77.521 0.0000
153 7 111111100 18 0.2714 41.82 77.793 0.0000
154 8 11110111} is 0.2261 42.66 78.0L9 0.0000
155 7 111111001 2 0.0302 44.12 78.C49 0.0000
156 7 111110011 23 0.4221 44.13 78.471 0.0000
157 7 111111010 43 0.6483 44.34 79.120 0.0000
158 7 101111011 2 0.0302 44.59 79.150 0.0000
159 8 111111101 10 0.1508 48.02 79.300 0.0000
160 8 111110111 4 0.0603 43.02 79.361 0.0000
161 8 111111110 125 1.8845 48.23 81.245 0.0000
162 3 101111111 3 0.0452 48.49 81.231 0.0000
163 8 111111011 322 4.8545 50.83 86.145 0.0000
164 9 111111111 919 13.8550 54.43 100.000 0.0000

195



196

Phase II. Block on First Initial and Sex

Column abbreviations:

OBS Observation number (from SAS)

AGREE Number of variables that agree in candidate pair
CONSTRCT Construct of variables that agree

MCOUNT Number of observations in M

MPERCENT Percent of all observations in M

_WGT Probabilistic weight

UCOUNT Number of observations in U

UPERCENT Percent of all observations in U

MCUMFREQ Cumulative frequency of M

UCUMFREQ 1 - cumulative frequency of U



Constructs for Phase II of Probabilistic Linkage
Merge of MATCRED and UNMATCHED

(U based on sample of n=74,000)

CONSTRUCT: SEX/FST/BYR/AHCIP#/SNDX/LST/MID/BMO/BDY

OBS AGREE CONSTRCT MCOUNT MPERCENT _WGT UCOUNT UPERCENT
LOW (EXCLUDE from review; EXCLUDE from dataset)

1 0 000000000 . . -9999.99 22408 30.22811
2 1 goQaooQo0L . . -9993.99 770 1.0405
3 1 000000010 . . -9999.99 2013 2.7202
4 2 0000Go0oLL . . -9999.99 80 0.1081
5 i 0004000100 . . ~9999.93 4122 5.5703
6 2 000C00101 . . -9999.99% 1443 Q.1345
7 2 000000110 . . -9999.99 363 0.4983
8 3 000000111 . . -9999.99 Ii 0.0143
9 b4 000010000 . . ~-9999.99 33 6.035%2
10 2 Q009104910 . . ~-9999.99 3 0.0041
11 2 0Qg0oL0100 . . -999%.99 5 0.0068
12 2 000011000 . . -9999.993 10 ¢.013s
13 3 oQogL10L0 . . -9999.99 3 0.0041
14 3 000011100 . . -99399.99 1 0.0014
15 L 001000000 . . -9999.99 299 0.2824
16 2 001000001 . . -9999.99 13 0.0176
17 2 0o0L00001r0 . . -9999.99 20 0.0270
18 3 001000011 . . -9999.99 L 0.0014
19 2 co0Lr000100 . . ~-9999.99 50 0.0676
20 3 001000101 . . ~9999.99 5 g.0068
21 3 001000110 . . ~-9999.99 7 0.0095
22 1 010000000 - . -9999.99 1321 1.7851
23 2 010000001 . . -9999.99 47 0.0635
24 2 010000010 . . -9999.99 127 0.1716
25 3 010000011 . . ~-9999.99 6 0.0081
26 2 010000100 . . -9999.99 275 0.3716
27 3 010000101 . . ~9999.99 10 0.0135
28 3 010000110 . . -9999.99 33 0.0446
29 2 010010000 . . -99989.99 3 0.0041
30 3 010011000 . . -9999.99 1 0.0014
31 2 011000000 . . ~9999.99 16 0.0216
32 3 011000001 . . -9999.99 2 0.0027
33 3 011000010 . . -9999.99 3 0.0041
24 3 011000100 . . -9999.99 5 0.0068
35 4 011000101 . . -9999.99 L 0.0014
36 L 100000000 . . -9999.99 28583 33.6324
37 2 100000001 . . -9999.99 963 1.3014
38 2 100000010 . . -9999.99 253g 3.4297
39 3 100000011 . . -9999.99 98 0.1324
40 2 100000100 . . -9999.99 5625 7.6014
41 3 100000101 . . -9999.99 196 0.2549
42 3 100000110 . . -9999.99 463 0.6257
43 4 100000111 . . -9999.99 17 0.0230
44 2 100010000 . . -9999.99 36 0.0486
45 3 100010010 . . -9999.99 2 0.0027
46 3 100010100 . . -2999.99 8 0.0108
47 4 100010101 . . -9999.99 1 0.0014
48 4 100010110 . . -9999.99 2 0.0027
49 3 100011000 . . -9999.99 9 0.0122
50 4 100011010 . . -9999.99 1 0.0014
51 4 100011100 . . -9999.99 1 0.0014
52 2 101000000 . . ~9999.99 280 0.3784
53 3 101000001 . . -9999.99 11 0.0149
54 3 101000010 . . -9999.99 23 0.0311
55 4 101000011 . . ~9999.99 1 0.0014
56 3 101000100 . . -9939.99 68 0.0919
57 4 101000101 . . -9999.99 2 0.0027
58 4 101000110 . . ~9999.99 ] 0.0068
59 2 110000000 . . -9999.99 2164 2.9243
60 3 110000001 . . ~-9999.99%9 68 0.0918

QOO

vy .
260 O 63 Cr a4y

QAT OO
OOQUOLUOUVLOOUVOS

.
QOO UV

QOO NDNOO0Nn
"

G3

69.7L89
53.6784
85.9381
€5.85C0
50.2797
60.085;
$9.535S
$9.5716
592.5257
59.521¢
59.514%
52.5014
59.4973
59.43953%
59.2135
59.195¢%
59.1689
5%.1676
59.1006G
5$9.0932
59.0338
57.298%
57.2351
57.0835
57.0554
56.6838
56.6703
56.6257
56.6216
56.6203
56.5986
56.5959
56.5919
56.5851
56.5838
17.9514
16.6500
13.2203
13.0878
5.4865
5.2216
4.5959
3.5730
4.5243
4.5216
4.5108
4.5095
4.5068
4.4946
4.4922
4.4919
4.1135
4.09386
4.0676
4.0662
3.9743
3.9716
2.9849
1.0405
0.%4386
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Constructs for Phase II of Probabilistic Linkage (coat:inued)

ULV VLLUUVAED WD WAL D WS W

110000010
110000011
110000100
110000101
110000110
110010000
110010010
111000000
111000010
111000100
111000110
111000101
11100001t
111010100
110000111
111000111
110010110
110010101
110010011
111011000
L100L1100

13
32
4

2
608
i
254
96
59
1
343

¢.6092
1.4995
0.1874
0.0937
28.4911
0.0469
11.9025
4.4986
2.7648
0.0469
16.0731

-9999%.59
~9999.99
~9999.39
~9999.99
~-9993.99
~9999.99
-99%93.99
-999%.93
-9999.939
-9999.99
3.57
4.12
4.99
7.42
8.43
9.76
11.73
12.28
13.15
13.86
17.30

201

7
410
16
31
4

i
25

0.2716
0.0035
0.5541
0.0216
0.0419
0.0054
0.0014
0.0351
0.0G14
0.0027

0.0027

0.6770
0.6676
0.11:35
0.09:3
0.0500
0.0%45
0.0432
0.003:
0.60838
0.004%
0.004:
G.004:
0.004:
0.004:
0.0014
¢.0014
0.0014
0.00t4
0.00:4
0.0014
-0.0000
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Constructs for Phase II of Probabilist:c Linkage (continued)

REVIEW:
82 6 110010111 12 0.5623 17.93 66.776 -0.0000
83 5 110011010 323 15.1359 18.17 81.%:2 -0.0000
84 5 110011001 164 7.6851 18.72 8%.527 -G.0000
85 [] 110011110 87 4.0769 22.94 93.67% -0.0800
86 6 110011101 57 2.6710 23.50 96.3245 -0.0000
87 6 110011011 36 1.6370 24.37 95.522 -0.0CC0
88 7 110011111 5 0.2343 29.14 $8.236 -0.0000

HIGH (EXCLUDE from review; INCLUDE i1n datasaet)
89 & 110110110 1 0.0469 32.31 $8.3:13 -0.0000
90 S 110111000 1 0.0469 33.11 93.33% -0.0000
91 6 110111100 4 0.1874 37.83 9€.54% -0.00900
92 6 110111010 2 0.0937 38.75 98.64% ~0.0000
93 7 110111110 6 0.2812 43.52 958.922 -0.0000
94 7 110111011 5 0.2343 44.94 99.157 -0.0000
95 8 110111111 18 0.8435 49.72 100.532 -0.000C
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APPENDIX F. PERSON-YEARS AT RISK FOR THE CHOLECYSTECTOMY

COHORT (5 YEARS INDUCTION): INDIVIDUALS IDENTIFIED BY EITHER

TYPE OF LINKAGE
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APPENDIX G. COLON CANCER RATES IN THE ALBERTA POPULATION,

1969-1993

Note: Population figures from the Electronic Data Dissemination Division, Statistics

Canada. Ottawa, Ont:STATSCAN, CANSIM disc, 1993.
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