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Appendix 1 (as supplied by the authors): Supplementary material 

 

I. Reservists in CFCAMS II Cohort 

Canadian Armed Forces (CAF) Reservists can combine a full-time civilian career or 

higher education pursuit while devoting a portion of their time to military training and 

military service. Reservists are classified as “A” (serving on a part-time basis with 

durations of less than 12 consecutive days a year; usually one evening a week and one 

weekend a month), “B” (full-time contractual basis, usually within Canada), and “C” (full-

time; either in a Regular Force position, or as part of contingency, routine, domestic or 

international operations) (1). Only Class C Reservists are remunerated through the 

Central Computerised Pay System (CCPS), similar to Regular Force personnel. 

Reserve A and B remuneration is managed through a different system (Reservist Pay 

System); this system is fraught with inaccuracies, in large part due to a high turnover of 

Class A Reservists, as well as the lack of an established and agreed upon definition of 

what defines a Reservist as “active,” (2). This system has also been in place for a much 

shorter period of time than the CCPS. As such, use of the Reservist Pay System could 

identify additional Reservist (A or B) cohort members, but establishing accurate in-

service person-time from the existing pay records would not be feasible. In addition to 

the methodological barriers to including A and B Reservists is the fact that they 

represent a very unique subpopulation, both within the CAF, but also within the 

Canadian general population. Research from Veterans Affairs Canada (VAC) suggested 

that, for many psychosocial factors, A and B Reservists were more similar to the 
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general population than the military population, whereas Reserve Class C veterans 

were more like their Regular Force counterparts than civilians (3).  

Given these factors, we elected to exclude Class A and B Reservists. We acknowledge 

that this may under-estimate the effect of exposure to military culture on adverse health 

outcomes, but accept that this is a compromise that must be made in order to maximize 

the quality and feasibility of this study. We also opted to retain Reserve C personnel 

within the cohort, despite the possibility that they may be different in some respects 

from the Regular Force subset of the cohort. In acknowledgment of this, for analyses 

where there is a sound rationale, Regular and Reserve Force C personnel will be 

stratified.   
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II. Data Quality Considerations 

CCPS Data Quality  

Prior to providing with STC with a cohort file, the extracted data from the CCPS were 

validated and cleaned. Broadly, the following steps were conducted on the data: 

screening, diagnosis and editing (4).  

Screening attempts to identify four types of data abnormalities: lack or excess of data, 

outliers, unexpected distributions, unexpected analysis results. Whenever possible, the 

data dictionary provided by the CCPS analysts was also used to establish the “in-range” 

values for the different variables of interest.  

To evaluate the possibility of misclassification, accuracy and completeness (the 

“diagnosis” phase), a random selection of records was selected and compared to data 

from other sources (including data from the Human Resources Management System 

[HRMS]). Whenever discordant findings were noted, logic rules and/or discussions with 

military experts and/or CCPS analysts were conducted to attempt resolving such 

discordances.   

The third and final data cleaning stage (“treatment”) includes making decisions on how 

to address data anomalies. In the case of the CFCAMS II data, more 

important/complicated changes/recoding to the data were discussed and agreed upon 

by the CFCAMS II epidemiology working group prior to changes being made. This 

included deciding on the suitability of HRMS data to fill in missing data within the 

developing cohort file.  
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Whenever changes were made to data, the original data were left uncorrected, and a 

new version of the variable was created. Furthermore, all changes were also 

documented both within the dataset and the data dictionary, so as to ensure clarity, 

transparency and consistency of the data cleaning process.  

In addition to the data cleaning that was conducted, Statistics Canada (STC) also 

applied their data cleaning filters to the cohort file (prior to linking it to the registry data) 

and communicated with the researchers to resolve any data anomalies. This secondary 

process added an additional level of data quality management.   

We were unable to identify recent evidence on the data quality of the CCPS, but a 2003 

audit of the CCPS by the Department of National Defence’s (DND) Chief of Review 

Services stated that “we are able to reliably conclude that salaries and wages, in 

calendar year 2001, were paid in an accurate and timely manner,” (5). The audit report 

further elaborated that this data quality was, in large part, due to the fact that much of 

the data handling has been automated, “which has reduced manual intervention and the 

risk of errors.” While acknowledging that this audit took place more than 10 years before 

the data were extracted for the purpose of this study, the CCPS infrastructure has 

remained virtually unchanged, making these observations still relevant to the data 

described here. Furthermore, given that the audit was conducted on a random sample 

of all types of pay transactions, we are confident that these observations were indeed, 

and continue to be, representative of the CCPS as a whole. Although these 

observations do not guarantee the absence of misclassification or error, they are 

nonetheless supportive of the CFCAMS II study team’s decision to build the cohort 

using CCPS, rather than HRMS data.  
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CVSD Data Quality 

All causes of death (CODs) are classified according to the World Health Organisation 

(WHO) International Statistical Classification of Diseases and Related Health Problems 

(ICD).  

In addition to the quality control that occurs at the provincial/territorial level before the 

data are given to STC, STC also conducts quality control on the mortality data before 

they are publically released (6). Firstly, verification tables with univariate and bivariate 

frequencies, stratified by province/territory, are generated for the majority of the 

captured variables. These tables are then sent to the provincial/territorial registrars for 

review and approval. The data are also checked for internal consistencies, and are 

compared to previous years to detect unusual data patterns or changes.  

In terms of data completeness, we estimate that the data coverage will be fairly 

complete, primarily because of the legislative requirement to report deaths. However, 

late or missing death registrations can occur (6). We expect that there will be a fairly 

systematic underestimate across all years.  

CCR Data Quality 

The responsibility to control the quality of the cancer incidence data befalls the 

provinces and territories that provide the data to STC for inclusion within the Canadian 

Cancer Registry (CCR). However, the data are provided in a standard format to STC, 

allowing for the use of validation edits to ensure that each captured field only includes 

valid entries. In addition, correlation edits are also run so as to ensure that relationships 

between patient and tumour records are coherent. Any recorded errors are sent back to 
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the provincial/territorial registrar for verification and/or correction. Other data control 

methods used by the CCR are described in more detail elsewhere (7).  

CAF Out-of-Country Deaths and Incident Cancers 

Among individuals with lengthy follow-ups, there is greater potential for them to have left 

Canada post-CAF release. If these individuals were to develop cancer and/or die 

outside of Canada, it is unlikely that this information would be captured by Canadian 

registries. This has implications on rate calculations, as these cases would be 

misclassified and would continue contributing person-years to the cohort. The relative 

importance of this is dependent on the frequency with which CAF personnel relocate 

outside Canada post-release, as is currently unclear.  

CAF does not track individuals post-release, but data from the Directorate of Force 

Health Protection’s comprehensive mortality database (which includes chart reviews for 

all CAF Regular Force deaths from 2004 onwards) will be included in the CFCAMS II 

study file to supplement the STC mortality data.   

With respect to the other gaps, discussions were held by the CFCAMS II investigators 

and STC to evaluate the feasibility and cost-benefit of also linking the cohort tile to the 

Alive Tax File to identify additional out-of-country deaths. While feasible, STC estimated 

that the cost-benefit ratio was strongly disadvantageous, and discouraged the CFCAMS 

II researchers from pursuing this approach.   
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III. Record Linkage Methods 

All source index files will be linked to the Derived Record Depository (DRD) either 

deterministically or probabilistically. Deterministic record linkage involves matching 

records based on unique identifiers shared by both files. Probabilistic record linkage 

works with non-unique identifiers (e.g. names, sex, date of birth, and postal code) and 

estimates the likelihood that records are referring to the same entity. The record linkage 

results, i.e., the association of the source index file identifiers and the DRD identifier 

referring to the same entity are stored in a Key Registry. 

 

Once a study requiring linked data has been defined and approved, the associated 

record identifiers from the Key Registry will be used to find the individual records in the 

source data files. These data files contain analysis variables without personal identifiers. 

 

Both the CFCAMS II cohort file and the DRD will contain the social insurance number 

(SIN), which is a unique identifier assigned by Employment and Social Development 

Canada (ESDC) to Canadian citizens, permanent residents and temporary residents as 

a requirement to work in Canada or to receive benefits and services from government 

programs, including the Canada Revenue Agency (CRA). All SDLE linkages preserve 

the uniqueness of SIN on the DRD so that no two people have the same SIN. Although 

rare, a person may have multiple SINs over their lifetime. A SIN is required for work in 

Canada, although people who have never worked, particularly young children, may not 

have been assigned a SIN. However, since the CFCAMS II cohort file includes only 
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members of the Canadian Forces, everyone in the population is expected to have been 

assigned a SIN.  

Given the high proportion of cohort records with a SIN, it is expected that the cohort file 

will be linked to the DRD using a hierarchical deterministic linkage that relies on the 

available SIN, names, date of birth and sex. 
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IV. Mortality and Cancer Incidence Projection Methods 

Below are presented projected mortality numbers, by duration of follow-up. As 

illustrated, cumulative mortality events increase over time, and do so in an accelerated 

fashion, as the cohort ages (Table IV.I). 

Table IV.I:  Projected Number of Deaths in Cohort by Duration of Follow-up 

Duration of Follow-

up (Yrs) 

Projected Number 

of Deaths 

5 168 

10 336 

15 503 

20 725 

25 1037 

30 1525 

35 1926 

 

There are a number of assumptions in these calculations. They are based solely on 

male mortality rates and utilize Canadian population rates for those over age 40. They 

also do not attempt to model changes in mortality rates over time, which have dropped 

dramatically over a 35-year period. These various assumptions will work in opposite 

directions so it is difficult to precisely estimate their net impact. It is likely that mortality 
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rate changes over time and an under-estimate of the actual number of recruits will have 

the greatest impact and produce a greater than projected number of events. However, 

the projections provide information for preliminary decision-making regarding the cohort.  

 

Assuming the same mortality-related assumptions and similar suicide-related ones 

(male rates, general population) one would expect about 1040 suicides (Table IV.II).  
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Table IV.II: Projected Number of Suicides in CF Cohort by Duration of Follow-up 

Duration of Follow-

up (Yrs) 

Projected Number 

of Suicides 

5 38 

10 75 

15 108 

20 146 

25 188 

30 231 

35 253 

 

Also using the 35-year mortality modelling described above as the base assumption, 

numbers of incident non-Hodgkin’s lymphoma (NHL) and chronic lymphocytic leukemia 

(CLL) were projected for the CF cohort over the same time period. Table IV.III provides 

the estimated number of incident cancer events by length of follow-up. Assuming the 

same mortality-related assumptions and similar cancer incidence related ones (male 

rates, general population rates), one would expect about 360 NHL cases and 29 CLL 

cases.  
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Table IV.III: Projected Number of Incident NHL and CLL Cancers in CF Cohort by 

Duration of Follow-up 

Duration of Follow-

up (Yrs) 

Projected Number 

of Incident NHL 

Cases 

Projected Number 

of Incident CLL 

Cases 

5 6 0 

10 12 1 

15 21 1 

20 36 1 

25 56 3 

30 87 9 

35 108 15 

 

These numbers are merely projections; while they appear to exceed 80% power, they 

do not factor in the additional observations that would be required to maintain the same 

power threshold once stratifications by component, age or serving status are 

introduced. For all outcomes of interest, power will have to be estimated as part of the 

analyses for each and every research outcome of interest.   
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V. Analytic Considerations 

In order to conduct the analyses described in the main paper, a number of data 

manipulation and/or editing steps will need to occur. These steps will include deriving 

military service variables; addressing and resolving temporal changes in ICD-coding 

and ICD-O coding in a systematic and evidence-based fashion; and establishing a 

suitable set of denominators and comparison population. Below is an inventory of these 

considerations and proposed mitigation strategies.  

Deriving Military Service Variables 

Several occupational variables are essential explanatory variables to the analysis of cancer and 

mortality events for military personnel. Explanatory variables that may be used and/or derived in 

the linked cohort file are grouped into categories and described in Table 3 of the main text. With 

the exception of person-years of service, all of the data elements described in Table 3 may be 

captured more than once, given the dynamic nature of a military career. Each iteration of a 

specific variable will be captured in a discrete field (e.g. multiple enrolment dates will be 

captured as “enroldat_1”, “enroldat_2”, etc.).  

We expect some categorization challenges specifically related to the occupational and 

posting/deployment variables that will be included in the CFCAMS II outcome file.  

For military occupations, the standardised coding (“Military occupation code” [MOC], or 

“Military Occupation Structure Identification” [MOSID]) will be used to create similar 

occupational exposure categories or groupings that will be more meaningful in 

analyses. Recognizing that individuals can change their classification over time is 

critical (e.g. a medic might become a search and rescue technician). In theory, there are 

a variety of ways in which analyses on occupation could be conducted and the most 
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relevant may depend on the study question: a) first job; b) last job; c) longest-held job; 

or d) most hazardous job. In discussing these options, Checkoway et al. (2004) favour 

item “c” and this is the most commonly used approach. Options “a” and “b” waste 

information and will ignore important histories of exposure. Option “d” requires 

investigator judgment regarding types and extent of exposures in different jobs.  

The mode of categorizing occupations for CFCAMS II will depend on the study question 

and will be adjusted accordingly for specific analyses. For example, analyses of suicide 

mortality or deaths from motor vehicle accidents may require last known MOC, while 

occupational investigations looking at cancer outcomes may require longest held job, 

most hazardous job, or occupation of interest for a given occupational exposure.  

Deployment as an explanatory variable is arguably one of the more difficult military 

occupation variables to define. Deployment is a term used to broadly refer to 

movements of military personnel and is used interchangeably to refer to heterogeneous 

mission types (peacekeeping [e.g. Rwanda, Kosovo], active combat [e.g. Afghanistan], 

disaster response missions [e.g. Tsunami in Southeast Asia, earthquake in the 

Philippines], Navy deployments), of different lengths, with different roles and different 

risks (both at the mission and at the individual levels). Lack of CAF population-wide data 

(and resultant statistical power issues) has historically prevented DND from 

investigating deployment beyond a dichotomous yes/no exposure, which ignores the 

heterogeneity of exposures related to deployment (2). It is our hope that part of the 

broader work on CFCAMS II, the analyses will include evaluations on a number of 

different approaches to defining deployment that will take direction from the existing 

literature. Alternate approaches in the literature to defining deployment have included 
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looking at the total number of deployments (8-10), length of first deployment (9), total 

duration of all deployments (9, 10), specific location(s) of deployment (9), isolation level 

of deployment(s) (8), occupation during deployment (8), and the categorization of 

combat exposure (8, 11). 

Changes in ICD-coding over time 

The time period covered by the linked mortality data will overlap three discrete ICD 

coding periods: 

 ICDA-8 used from 1969 to 1978 

 ICD-9 used from 1979 to 1999 

 ICD-10 used from 2000 to present (12).  

For chapter-level analyses, ICD-8 and ICD-9 chapters will be recoded to their ICD-10 

equivalent, using a number of Canadian (13) and international (14) sources. For cause-

specific analyses, changes in definition and coding will be investigated and taken into 

consideration prior to any analysis. Specialists at STC will also be consulted should 

there be a lack of evidence to direct the decision-making process.  

Changes in ICD-0 coding over time 

Cancer data are coded using an oncology-specific international classification of disease 

(ICD-O), currently in its third iteration. As with the mortality data, the classification 

overlaps three different coding periods:  

 ICD-O used from 1976 to 1989 

 ICD-O2 used from 1990 to 1999 

 ICD-O3 used from 2000 to present  
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The typography section of the third edition of the ICD-O is identical to the second 

edition; however, the morphology classification has changed substantially. In order to 

ensure classification and analytic consistency across the three iterations of ICD-O 

coding, recoding algorithms and resources (15) will be used, similarly to how it was 

described above for ICD-coding.   

Establishing the Denominators and a Comparator Population 

Any individual whose initial enrolment in the CAF occurred in 1976 or later will generate 

person-years of experience within the cohort; this includes individuals whose first 

enrolment was in 1976 or later but released and subsequently re-enrolled. These 

individuals are assumed to be alive or cancer-free until they appear in either the 

Canadian Vital Statistics database (CVSD) or the CCR, respectively. Both databases 

are high quality sources of information for mortality and cancer events occurring in 

Canada; such events occurring outside Canada are less reliably captured. More details 

on the quality of the CVSD and CCR are provided below.  

In order to generate standardised ratios (mortality [SMR] or incidence [SIR)]), there is a 

requirement for an external population against which the study population can be 

compared. Applying the rate for a condition in the reference population, the observed 

rate in the study population (in this case the CFCAMS II cohort) can be compared to the 

expected rate, should the study population behave in the same manner as the reference 

population.  

SMRs and/or SIRs are commonly found in the occupational epidemiology literature. 

Many of these studies remarked on the typically lower disease and mortality experience 

of employed populations as compared with the general population – the so-called 
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“healthy worker effect”. The healthy worker effect refers to the confounding created 

when comparing health outcomes of occupational populations with those of general 

populations because those who gain and maintain employment will tend to be healthier 

(16). Therefore, an occupational cohort is expected to report lower SMRs or SIRs 

compared to the general population; ideally, the use of a more relevant external 

comparison population is a consideration. However, obtaining outcome data for an 

employed population with the same decades of follow-up is a challenge. Of even 

greater concern is that, depending on the make-up of the population, it may have 

elevated risks due to occupational exposures that will impair detection of similarly 

elevated risks for diseases in the CAF population. Comparison with a military population 

of another country has the same problems with the additional concern that it will have 

many of the characteristics of the source population so that any differences observed 

may actually reflect differences in the national populations of the two countries. 

Given these limitations, two approaches will be used to conduct comparisons of the 

CFCAMS II cohort: 

1) The CFCAMS II cohort will be compared to the Canadian general population 

(CGP) for more general analyses (e.g. ICD chapter-level analysis of mortality 

burden), being cognizant that, because of the healthy worker/soldier effect, 

SMRs or SIRs below 1.0 may mask truly elevated rates;  

 

2) A group of workers defined by a common experience will be compared with 

another group of workers without that experience (an internal reference). This 

approach is “typical of analyses that are primarily directed at exploring 
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associations of disease rates with certain work areas, tasks, or exposure levels 

within the workplace,” (17). For the CAF, the most obvious approach would be to 

compare individuals grouped by occupational classifications or those deployed 

versus non-deployed.  

 

The latter approach reduces the healthy worker effect, but still needs to consider 

controlling for confounders such as employment status, time since first employment, 

length of follow-up, etc. 
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VI. Redundancies Implemented to Ensure Privacy and Data of CFCAMS II 

Cohort 

In addition to external IRB review and approval, all record linkages conducted by STC must be 

vetted through a formal application process with the Chief Statistical Officer of STC, in 

accordance with the rules and regulations of the Canadian Federal Statistics Act. Access to the 

linked data required further application to and approval by the Federal Research Data Centre 

(FRDC) at STC.  

The risk to participating subjects will be low to negligible. They will be exposed to no physical 

risk. The record linkage requires some degree of loss of privacy that is considered minimal.  

No microdata files will be externally released by STC. Analyses will take place with STC’s 

FRDC. All data will be anonymized by STC prior to providing access to DND and VAC. STC will 

only release aggregated data, once vetted using strict rules specific to this study. It should also 

be noted that epidemiological staff from DND and VAC will complete statistical analyses as 

deemed employees of STC and under specifications outlined in the Statistics Act (1970).  

In an effort to ensure that the needs and privacy of the subjects are maintained, all CFCAMS II 

consensus decisions will be made by a Steering Committee whose membership includes the 

CFCAMS II researchers (DND and VAC), researchers from other DND departments, STC 

representatives, and VAC and CAF Senior Leadership. In addition, representatives from both 

the VAC and the CAF Ombudsman Offices are also members of the Steering Committee, 

allowing them to advocate for still serving and released personnel, as well as allowing them to 

relay pertinent information back to their respective stakeholders.  
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