
1St.Cyr K, et al.  Occup Environ Med 2023;0:1–7. doi:10.1136/oemed-2022-108772

Original research

Mental health service use among Canadian veterans 
within the first 5 years following service: 
methodological considerations for comparisons with 
the general population
Kate St.Cyr    ,1,2 Paul Kurdyak,3,4 Peter M Smith    ,1,5 Alyson L Mahar6

Methodology

To cite: St.Cyr K, 
Kurdyak P, Smith PM, et al. 
Occup Environ Med Epub 
ahead of print: [please include 
Day Month Year]. doi:10.1136/
oemed-2022-108772

 ► Additional supplemental 
material is published online 
only. To view, please visit the 
journal online (http:// dx. doi. 
org/ 10. 1136/ oemed- 2022- 
108772).

1Dalla Lana School of Public 
Health, University of Toronto, 
Toronto, Ontario, Canada
2MacDonald Franklin OSI 
Research Centre, St Joseph’s 
Health Care London, London, 
Ontario, Canada
3ICES, Toronto, Ontario, Canada
4Institute of Health Policy, 
Management and Evaluation, 
University of Toronto, Toronto, 
Ontario, Canada
5Institute for Work & Health, 
Toronto, Ontario, Canada
6School of Nursing, Queen’s 
University, Kingston, Ontario, 
Canada

Correspondence to
Kate St.Cyr, Dalla Lana School 
of Public Health, University of 
Toronto, Toronto, ON M5S 1A1, 
Canada;  
 kate. stcyr@ mail. utoronto. ca

Received 6 December 2022
Accepted 9 May 2023

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Introduction Previous research comparing veteran 
and civilian mental health (MH) outcomes often assumes 
stable rates of MH service use over time and relies on 
standardisation or restriction to adjust for differences in 
baseline characteristics. We aimed to explore the stability 
of MH service use in the first 5 years following release 
from the Canadian Armed Forces and the Royal Canadian 
Mounted Police, and to demonstrate the impact of 
using increasingly stringent matching criteria on effect 
estimates when comparing veterans with civilians, using 
incident outpatient MH encounters as an example.
Methods We used administrative healthcare data from 
veterans and civilians residing in Ontario, Canada to 
create three hard- matched civilian cohorts: (1) age and 
sex; (2) age, sex and region of residence; and (3) age, 
sex, region of residence and median neighbourhood 
income quintile, while excluding civilians with a history 
of long- term care or rehabilitation stay or receipt of 
disability/income support payments. Extended Cox 
models were used to estimate time- dependent HRs.
Results Across all cohorts, time- dependent analyses 
suggested that veterans had a significantly higher hazard 
of an outpatient MH encounter within the first 3 years of 
follow- up than civilians, but differences were attenuated 
in years 4–5. More stringent matching decreased 
baseline differences in unmatched variables and shifted 
the effect estimates, while sex- stratified analyses 
revealed stronger effects among women compared with 
men.
Conclusions This methods- focused study demonstrates 
the implications of several study design decisions that 
should be considered when conducting comparative 
veteran and civilian health research.

INTRODUCTION
Previous research suggests that military veterans are 
more likely to report mental health (MH) conditions 
and increased MH service use than their civilian 
counterparts. Research from male US veterans1 and 
male and female Canadian Armed Forces (CAF) 
veterans2 found that veterans were more likely to 
report a mood or anxiety disorder than civilians. 
Another study comparing health service use of 
Canadian veterans with members of the general 
population found that male and female veterans 
were more likely to seek mental healthcare from 
a family doctor, psychiatrist, psychologist, nurse 

or social worker than civilians.3 Taken together, 
these findings may suggest that veterans may have a 
greater need for MH services, greater access to MH 
services or both.

To date, research has been limited in two 
important areas, precluding a complete under-
standing of the differences in MH service use 
between veteran and civilian populations. First, 
most studies report a single effect estimate of 
health outcomes over a period of follow- up (eg, 
ref 4), which assumes a constant risk or rate over 
time.5 Given that previous research suggests that 
the military- to- civilian transition can be stressful 
for some individuals,6 7 it is possible that MH 
needs are greater in the period immediately 
following release from the forces. As such, research 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Canadian veterans are more likely to self- report 
a mental health condition than members of 
the Canadian general population and are more 
likely to seek mental healthcare than civilians.

 ⇒ Most existing research has assumed a constant 
risk or rate over time and often does not 
account for the potential healthy soldier effect.

WHAT THIS STUDY ADDS
 ⇒ We demonstrated variability in the hazard of 
an outpatient mental health encounter over 
the first 5 years of release from the Canadian 
Armed Forces and the Royal Canadian Mounted 
Police, with veterans having a significantly 
higher hazard within the first 3 years of release 
compared with civilians, with no notable 
differences observed for years 4–5.

 ⇒ Effect estimates were further influenced by sex 
and matching approach.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Our study uses outpatient mental health 
encounters as an example of how 
methodological decisions, such as matching 
strategy and analytic approaches, influence 
effect estimates in comparative veteran health 
research, and provides guidance for future 
research in this field.  on June 2, 2023 by guest. P
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comparing veteran and civilian MH service use should strive to 
consider potential differences over time. Second, when making 
comparisons between veterans and the Canadian general popu-
lation, it is important to consider their sociodemographic differ-
ences. Approximately 14% of Canadian veterans are female8 
versus approximately 50% of Canadian civilians,9 while 2021 
census data indicated that 42% of veterans were over the age 
of 6510 versus approximately 19% of civilians.11 Previous work 
also demonstrates that veterans tend to reside in higher- income 
communities and particular geographical regions,12 which 
could determine local access to MH services.13 14 Some research 
comparing veteran and civilian health outcomes has attempted 
to account for differences in the age and sex distribution of 
veteran populations using standardisation (eg, ref 15), stratifi-
cation (eg, ref 2) or restriction (eg, refs 16 17). Matching is 
another strategy that can prevent confounding of crude effect 
estimates by the matching variables and increase efficiency when 
the matched variables are related to the exposure and outcome 
of interest.18 19 Matching may be particularly advantageous in 
veteran–civilian comparisons using administration healthcare 
data, as it does not significantly increase costs or time. To date, 
the creation of a veteran cohort in routinely collected adminis-
trative data holdings in Ontario, Canada20 has allowed veteran 
health researchers to conduct matched cohort studies directly 
comparing non- fatal self- harm emergency department visits 
among male veterans and civilians21 and death by suicide among 
veterans and civilians.22

While the availability of administrative healthcare data facili-
tates direct comparisons between veterans and civilians, compar-
isons may be complicated by the presence of the ‘healthy soldier 
effect’ (HSE).23 The HSE is akin to the healthy worker effect and, 
when present, can result in selection bias or confounding.24 25 
Accounting for the HSE becomes increasingly complex when 
working with veteran populations, as it may vary according to 
a number of factors, including length of time between military 
service and timing of the study, and the health outcomes of 
interest.26 Further, not all members of the general population are 
well enough to be employed, and including these individuals in 
a comparator cohort could therefore exacerbate the HSE. Some 
research has aimed to reduce the HSE by excluding civilians 
who report health conditions that would typically render them 
ineligible for recruitment into the CAF (eg, ref 16); however, 
the feasibility of this approach using administrative healthcare 
data has not been widely explored. As such, using an outpatient 
MH encounter in the first 5 years following release from active 
service as an example, the objectives of this methods paper are 
to (1) examine whether the rate of an outpatient MH encounter 
varies over the first 5 years of follow- up; (2) explore whether 
sex- based differences in the estimated rates between veterans 
and civilians exist; and (3) demonstrate the impact of increas-
ingly stringent matching criteria of veterans to the general popu-
lation on effect estimates.

METHODS
Study design
This study employed a matched, retrospective cohort design 
of veterans and civilians residing in Ontario, Canada using 
administrative healthcare data held by ICES (formerly known 
as the Institute for Clinical Evaluative Sciences), a not- for- profit 
institute whose legal status under Ontario’s health information 
privacy law allows it to collect and analyse healthcare and demo-
graphic data, without consent, for health system evaluation and 
improvement.

Study population
The study population consisted of CAF or Royal Canadian 
Mounted Police (RCMP) veterans and civilians residing in 
Ontario. In Canada, health insurance coverage is overseen by 
the federal government for active- duty members of the CAF 
and RCMP and by the provinces for civilians and veterans. The 
standard 3- month waiting period for Ontario Health Insur-
ance Plan (OHIP) coverage is waived when evidence of military 
service is provided and a veteran administrative code is linked 
to the provincial health card, along with military service start 
dates. For this study, the Ministry of Health and Long- Term Care 
(MOHLTC) provided an anonymised list of individuals with a 
veteran administrative code, which was linked to ICES key 
number (IKN), a unique encoded identifier.

Veteran inclusion/exclusion criteria
Veterans were included in the current study if they registered 
for OHIP between 1 April 1991 and 31 March 2020 (for CAF 
veterans), or between 1 April 1991 and 31 December 2013 (for 
RCMP veterans). Previous research indicates that ≥85% of the 
cohort consists of CAF veterans.12 The date of OHIP registration 
was used to approximate CAF/RCMP release dates.12 Veterans 
who held OHIP coverage while serving or who were ≤16 years 
of age at the time of recruitment into the forces were excluded 
from this study (see figure 1 for the flow diagram of exclusions). 
A total of 31 759 veterans were identified for inclusion in this 
study.

Civilian matching approaches
Civilians were eligible for inclusion in this study if they were 
alive at the time of the study index date (ie, the date of OHIP 
registration for the matched veteran). A total of three civilian 
comparator cohorts were created, with the matching approach 
for each cohort building on the previous one. The first compar-
ator cohort was hard- matched on age at index (using birth year) 
and sex; the second additionally matched on region of resi-
dence (one of Ontario’s 14 local health integration networks; 
assigned using census postal code data); and the third addition-
ally matched on median neighbourhood income quintile, which 
was also determined using census postal code data. This third 

Figure 1 Flow diagram of exclusions in the creation of initial veteran 
cohort. OHIP, Ontario Health Insurance Plan.
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cohort also excluded civilians who (1) had a long- term care or 
rehabilitation facility stay; or (2) received disability or income 
support payments prior to their assigned index date, in efforts to 
reduce the potential of an HSE.

Data sources
The current study relied on provincial healthcare administrative 
databases, which were linked using IKNs and analysed at ICES. 
The Registered Persons Database was used to determine demo-
graphic information, while the OHIP database provided physi-
cian billing data for outpatient MH encounters.

Study variables
Exposure variable
The primary exposure was a dichotomous variable for veteran 
status (eg, veteran/civilian), which was ascertained using the 
veteran administrative code supplied by the MOHLTC.

Outcome variable
The outcome variable was the first outpatient MH encounter 
(primary care or psychiatric visit) within the first 5 years of 
follow- up after the index date. Outpatient MH- related primary 
care visits were identified using an existing ICES validated algo-
rithm that uses physician specialty, OHIP diagnostic code and 
service location to identify outpatient MH- related visits;27 all 
visits with a psychiatrist were included.

Covariates
In addition to the matching variables, we considered three addi-
tional covariates: rurality and the number of major and minor 
comorbidities. Rurality was assessed at the index date using 
Rurality Index for Ontario (RIO) 2008 scores, which take into 
consideration the population size, density and access to health-
care services of communities in Ontario.28 RIO scores range from 
0 to 100, with lower scores indicating more urban communities 
and higher scores representing more rural communities. We 
employed the same categories used by Lucas et al,29 which group 
communities using the following RIO scores: 0–3 (large, urban 
centres with access to advanced referral centres; eg, Toronto), 
4–14 (large, urban centres with access to basic referral centres; 
eg, Kitchener), 15–39 (smaller urban centres; eg, Brockville), 
40–74 (small, rural communities located primarily in southern 
Ontario; eg, Goderich) and 75+ (remote, rural communi-
ties located primarily in northern Ontario; eg, Kapuskasing). 
The number of major and minor comorbidities was assessed at 
1 year following index date using the Johns Hopkins Adjusted 
Clinical Groups (ACG) system for categorising illnesses using 
International Classification of Disease (ICD) codes. ICD codes 
are assigned to one of 32 ACG system’s aggregated diagnosis 
groups (ADGs), based on the aetiology, duration and severity of 
the condition, diagnostic certainty, and involvement of specialty 
care.30 31 For this study, we excluded three psychosocial ADGs 
to reduce artificial inflation with the outcome and created 
two count variables: one for the number of major comorbidi-
ties in the first year of follow- up (range=0–7) and one for the 
number of minor comorbidities within the first year of follow- up 
(range=0–22).

Analytic approach
To describe the baseline characteristics of the cohorts, means 
with SD were estimated for continuous variables, while frequen-
cies and proportions were used for categorical variables. Stan-
dardised differences, which assess the balance of covariate 

distribution between two groups without being influenced by 
sample size,32 33 were used to compare the veteran and civilian 
cohorts.

For each matched cohort, we obtained survival and hazard 
curves using the actuarial method due to the large number of 
distinct event times. The proportional hazards (PH) assump-
tion was assessed by graphically examining the survival, hazard 
and log(- log) survival curves, including a time*veteran status 
interaction term in the regression model, and statistical testing 
using Schoenfeld residuals. Visual inspection of the survival and 
log(- log) survival curves did not suggest that the PH assumption 
had been violated. However, the statistical testing approaches, 
which are highly sensitive to sample size, did indicate a potential 
deviation from the PH assumption. As such and to account for 
right censoring (ie, individuals who did not have an outpatient 
MH encounter within the first 5 years of follow- up), we used 
extended Cox models with a Heaviside function34 to estimate 
the HRs of an outpatient MH encounter for two distinct inter-
vals: one for the first 3 years of follow- up (HR1) and one for the 
fourth and fifth years of follow- up (HR2). This time point was 
selected based on the appearance of the hazard functions (see 
figure 2). We used the word ‘hazard’ throughout the manuscript 
as a statistical term, which should not necessarily impart a nega-
tive connotation.

For each matched cohort, we first ran unadjusted regression 
models. The second model adjusted for the matching variables 
(ie, cohort 1 models were adjusted for age and sex, while cohort 
2 models were adjusted for age, sex, region of residence, etc). 
The third model adjusted for all remaining matching variables. 
The fourth model additionally adjusted for rurality, while the 
fifth model adjusted for all matching variables and the number of 
major and minor comorbidities. The final model for each cohort 
adjusted for all matching variables, rurality and the number of 
major and minor comorbidities. We also included an interaction 
term between veteran status and sex to assess for potential effect 
measure modification by sex. For all analyses, we used two- sided 
hypothesis tests, and p values of less than 0.05 were considered 
statistically significant. Analyses were carried out using SAS V.9.4 
statistical software.35

Figure 2 Hazard functions, by cohort and veteran status. Cohort 1 is 
matched on age and sex; cohort 2 on age, sex and region of residence; and 
cohort 3 on age, sex and region of residence and median neighbourhood 
income quintile. Cohort 3 also excludes civilians with a history of long- 
term care/rehabilation stay and/or receipt of disability/ income support 
payments.
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RESULTS
Participant characteristics
Online supplemental table 1 compares the baseline characteris-
tics of each matched veteran–civilian cohort. Only one veteran 
could not be matched in the creation of the first cohort (see 
figure 1), and the use of increasingly stringent matching criteria 
did not result in a significant loss of veteran participants. For 
unmatched variables, differences in the distribution of major and 
minor comorbidities decreased with more stringent matching 
criteria, although minor differences remained for rurality.

Outpatient MH service use
Approximately one- third of veterans had at least one 
outpatient MH visit within the first 5 years of follow- up 

(range=32.5%–33.2% across cohorts), compared with 30.3%–
32.8% of civilians. Table 1 shows the actuarial life table output 
for each matched cohort. Across all cohorts, the cumulative 
survival probability (ie, the probability of not having an outpa-
tient MH encounter within the first 5 years of follow- up) was 
higher for civilians than veterans.

Regression models
The hazard functions and fully adjusted effect estimates for each 
matched cohort are presented in figure 2 and table 2, respec-
tively (see online supplemental table 2 for comparison with 
the unadjusted effect estimates). Across all cohorts, the overall 
(average) HR and the HR for the first 3 years of follow- up (HR1) 
were higher for veterans than civilians; these differences were 

Table 1 Actuarial life table, by cohort and veteran status

Veteran 
status

Interval 
(years)

Had an outpatient 
MH visit during the 
interval (n)

Censored 
during the 
interval (n)

Effective 
sample size

Conditional probability 
of an outpatient MH 
visit in the interval

Probability of not having 
had an outpatient MH visit 
at the start of the interval

Probability of having had 
an outpatient MH visit at 
the start of the interval

Cohort 1 (matched on age and sex)

Veterans 0, 1 4831 2118 30 700.0 0.157 1.000 0.000

1, 2 2113 1533 24 043.5 0.088 0.843 0.157

2, 3 1416 1215 20 556.5 0.069 0.769 0.231

3, 4 1033 1084 17 991.0 0.057 0.716 0.284

4, 5 912 785 16 023.5 0.057 0.675 0.325

5+ 0 14 719 7359.5 0.000 0.636 0.364

Civilians 0, 1 17 577 3856 125 085.0 0.141 1.000 0.000

1, 2 8097 5332 102 914.0 0.079 0.860 0.140

2, 3 6007 4901 89 700.5 0.067 0.792 0.208

3, 4 4653 4790 78 848.0 0.059 0.739 0.261

4, 5 3858 3624 69 988.0 0.055 0.695 0.305

5+ 0 64 318 32 159.0 0.000 0.657 0.343

Cohort 2 (matched on age, sex and region of residence)

Veterans 0, 1 4777 1508 29 921.0 0.160 1.000 0.000

1, 2 2074 1483 23 648.5 0.088 0.840 0.160

2, 3 1401 1199 20 233.5 0.069 0.767 0.233

3, 4 1025 1055 17 705.5 0.058 0.714 0.286

4, 5 898 778 15 764.0 0.057 0.672 0.328

5+ 0 14 477 7238.5 0.000 0.634 0.366

Civilians 0, 1 18 203 3605 120 857.5 0.151 1.000 0.000

1, 2 8081 5282 98 211.0 0.082 0.849 0.151

2, 3 5872 4710 85 134.0 0.069 0.780 0.220

3, 4 4515 4732 74 541.0 0.061 0.726 0.274

4, 5 3543 3699 65 810.5 0.054 0.682 0.318

5+ 0 60 418 30 209.0 0.000 0.645 0.355

Cohort 3 (matched on age, sex, region of residence and neighbourhood median income quintile)*

Veterans 0, 1 4757 1502 29 825.0 0.160 1.000 0.000

1, 2 2068 1479 23 577.5 0.088 0.840 0.160

2, 3 1399 1198 20 171.0 0.069 0.767 0.233

3, 4 1019 1049 17 648.5 0.058 0.714 0.286

4, 5 898 774 15 718.0 0.057 0.672 0.328

5+ 0 14 433 7216.5 0.000 0.634 0.366

Civilians 0, 1 15 261 3686 120 444.0 0.127 1.000 0.000

1, 2 7753 5412 100 634.0 0.077 0.873 0.127

2, 3 5690 4862 87 744.0 0.065 0.806 0.194

3, 4 4665 4861 77 192.5 0.060 0.754 0.246

4, 5 3635 3708 68 243.0 0.053 0.708 0.292

5+ 0 62 754 31 377.5 0.000 0.671 0.329

*Cohort 3 also excludes civilians with a history of long- term care/rehabilitation stay and/or receipt of disability/income support payments.
MH, mental health.
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statistically significant. The HRs for years 4 and 5 of follow- up 
(HR2) suggested no significant differences in the hazard of an 
outpatient MH encounter within the first 5 years of follow- up, 
provided they had not had an encounter prior to this time period. 
Additionally, the interaction term between veteran status and 
sex was statistically significant, suggesting effect measure modi-
fication by sex (see table 2 for output from the sex- stratified 
models). χ2 tests of equality indicated that the time- dependent 
HRs (HR1 and HR2) were significantly different overall and for 
women in cohort 1, women only in cohort 2, and overall and 
for men and women in cohort 3 (p<0.001). Together, these 
findings suggest that the HR of an outpatient MH encounter is 
not constant over time; rather, the hazard is significantly greater 
among veterans compared with civilians in the first 3 years of 
follow- up compared with years 4 and 5, and this difference is 
further influenced by sex and matching approach.

Impact of matching approaches on effect estimates
Including additional matching variables beyond age and sex 
resulted in slight differences in the effect estimates produced. 
The inclusion of region of residence as a matching variable 
shifted the magnitude of the association between veteran status 
and an outpatient MH encounter within the first 5 years of 
follow- up towards the null, although the overall HR and HR for 
the first 3 years of follow- up remained statistically significant. 
Additionally including median neighbourhood income quintile 
as a matching variable resulted in the effect estimate moving 
away from the null, above and beyond what was observed for the 
cohort matched on only age and sex (eg, overall fully adjusted 
HRcohort 3=1.18 (95% CI 1.15 to 1.20) vs HRcohort 1=1.11 (95% 
CI 1.08 to 1.14)). The effects of matching were noticeable 
overall and for the first 3 years of follow- up but not on the effect 
estimates for years 4 and 5.

DISCUSSION
This methods paper offers novel contributions to our under-
standing of the implications of design choices, including 
matching and analytic approaches, on comparative veteran–
civilian health research. Importantly, we found that the HR of 
an outpatient MH encounter within the first 5 years of follow- up 

after release varies over time, which may have important impli-
cations for future veteran health outcomes research. Specifi-
cally, we found that the average adjusted HR of an outpatient 
MH encounter, which can be interpreted similarly to a relative 
rate,36 was 9%–22% higher for veterans than civilians within the 
first 3 years of follow- up, and only 2%–4% higher than civil-
ians at 4 and 5 years of follow- up. It is possible that the much 
higher rates among veterans earlier in the follow- up period are 
a cultural reflection of proactive healthcare- seeking behaviours 
in military populations that then attenuate over time. Impor-
tantly, the use of Heaviside functions to estimate time- dependent 
health outcomes has not been widely used in existing veteran–
civilian comparisons, which have instead used Cox PH models 
and a single period of follow- up (eg, refs 4 37). The differences 
observed in the example used here demonstrate the importance 
of considering the timing of visits when examining patterns of 
MH service use between veterans and civilians.

We also found similar trends in MH service use between 
male and female veterans and civilians, although the difference 
between veterans and civilians was more pronounced among 
women overall and for the first 3 years of follow- up. Among 
men, the overall adjusted HR was between 7% and 19% higher 
for veterans compared with civilians during the first 3 years of 
follow- up, and 4%–5% higher for veterans during years 4–5. 
Among women, the overall adjusted HR was 13%–26% higher 
during the first 3 years of follow- up, with no notable difference 
in the HR observed for women during years 4–5. This expands 
on findings from the Life After Service Survey, which demon-
strated that male and female veterans were more likely to self- 
report accessing MH care from a family doctor or psychiatrist 
than their civilian counterparts,3 by providing additional data 
about how these differences vary over time in the 5- year period 
immediately following release from the forces and by high-
lighting the heterogeneity that exists between male and female 
veterans and civilians.

Examination of the overall and time- dependent HRs indi-
cates some variability across the cohorts as a result of differing 
matching approaches. Matching on age and sex alone likely 
produces biased estimates, given the known differences in region 
of residence between veterans and civilians. Indeed, veteran 

Table 2 Fully adjusted HR of an outpatient mental health encounter within the first 5 years of follow- up for the three cohorts, overall, and at 3 or 
fewer years of follow- up and at 4–5 years of follow- up, by sex and veteran status

Cohort
Overall adjusted HR 
(95% CI) P value Adjusted HR1 (95% CI) P value Adjusted HR2 (95% CI) P value

Overall (men and women combined)

  Veteran 1 (ref=civilian 1) 1.11 (1.08 to 1.14) <0.001 1.13 (1.10 to 1.17) <0.001 1.03 (0.98 to 1.08) 0.311

  Veteran 2 (ref=civilian 2) 1.08 (1.05 to 1.10) <0.001 1.09 (1.06 to 1.11) <0.001 1.04 (0.99 to 1.09) 0.142

  Veteran 3 (ref=civilian 3) 1.18 (1.15 to 1.20) <0.001 1.22 (1.19 to 1.25) <0.001 1.02 (0.98 to 1.08) 0.262

Men only

  Veteran 1 (ref=civilian 1) 1.10 (1.07 to 1.14) <0.001 1.12 (1.08 to 1.15) <0.001 1.05 (1.00 to 1.11) 0.074

  Veteran 2 (ref=civilian 2) 1.06 (1.04 to 1.09) <0.001 1.07 (1.04 to 1.10) <0.001 1.04 (0.99 to 1.10) 0.131

  Veteran 3 (ref=civilian 3) 1.16 (1.13 to 1.18) <0.001 1.19 (1.16 to 1.22) <0.001 1.04 (0.98 to 1.10) 0.184

Women only

  Veteran 1 (ref=civilian 1) 1.14 (1.07 to 1.2) <0.001 1.19 (1.12 to 1.27) <0.001 0.90 (0.79 to 1.03) 0.902

  Veteran 2 (ref=civilian 2) 1.13 (1.08 to 1.19) <0.001 1.16 (1.10 to 1.22) <0.001 1.00 (0.88 to 1.14) 0.997

  Veteran 3 (ref=civilian 3) 1.26 (1.20 to 1.32) <0.001 1.32 (1.25 to 1.39) <0.001 0.97 (0.85 to 1.10) 0.968

Cohort 1 is matched on age and sex; cohort 2 on age, sex and region of residence; and cohort 3 on age, sex, region of residence and median neighbourhood income quintile. 
Cohort 3 also excludes civilians with a history of long- term care/rehabilitation stay and/or receipt of disability/income support payments.
Fully adjusted models included age, sex, region of residence, median neighbourhood income quintile, rurality and number of major and minor aggregated diagnosis groups.
HR1, HR for first 3 years of follow- up; HR2, HR for years 4 and 5; overall HR, average HR over the full period of follow- up (ie, not time- dependent).
ref, reference.
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health research from Scotland has consistently matched on age, 
sex and region of residence (eg, refs 4 38 39). In this study, the 
inclusion of region of residence as a matching variable resulted 
in an unanticipated shift of the effect estimate towards the null, 
while the addition of median neighbourhood income quintile as a 
matching variable and exclusion of civilians who were less likely 
to be employed due to health conditions resulted in a correction 
of the previous effect estimate. These findings suggest that the 
use of more stringent matching criteria combined with efforts 
to mitigate the HSE results in more accurate effect estimates. 
However, if researchers face constraints in matching beyond age 
and sex, the inclusion of other sociodemographic characteristics 
as covariates will help minimise bias in the effect estimates.

This study had a number of strengths. First, it used population- 
level data and likely includes most veterans residing in Ontario.12 
This offers an advantage over existing Canadian research, which 
has generally relied on smaller, nationally representative surveys 
(eg, refs 3 40) to draw inferences about patterns of MH service 
use, as it allows for direct comparisons between veterans and 
civilians. It also provides guidance about creating comparable 
civilian cohorts for use in veteran health outcome and health 
service use research. Importantly, the finding that rates of MH 
service use vary within the period of time following transition 
from the forces could be used to help inform healthcare planning 
and policy at the Veterans Affairs Canada (VAC) and provin-
cial healthcare system levels. However, there are also some 
limitations worth noting. Due to limitations with administra-
tive healthcare data, we were unable to exclude some civilians 
with health conditions that may preclude service in the CAF 
(eg, Crohn’s disease, chronic bronchitis, etc), meaning we were 
unable to create a truly equivalent occupational cohort of civil-
ians. Despite this limitation, the standardised differences for 
the number of major and minor comorbidities indicate that the 
groups were well balanced, particularly for the third matched 
cohort. Further, the administrative healthcare data capture only 
provincially funded healthcare visits, meaning that any services 
accessed via private insurance or VAC benefits are not included 
in these data and our effect estimates are likely underestima-
tions of the true rate of MH service use in the first 5 years of 
follow- up. It is also possible that unmeasured variables, such 
as adverse childhood experiences, could partially explain the 
associations observed in this study. Additionally, the inability to 
exclude RCMP veterans may limit comparability with research 
from other countries, as their occupational experiences may vary 
from those of military veterans. Finally, we acknowledge that 
the index date used in this study carries importance for veterans, 
but is relatively meaningless for civilians. For many of these 
individuals, and indeed for some veterans, the first outpatient 
MH encounter following the index date represents a prevalent 
episode of care, versus an incident one, due to the left- censored 
nature of the data.

CONCLUSIONS
This research provides valuable methodological contributions 
for conducting comparative veteran health outcome research. 
In the example presented here, we demonstrated variability in 
the rates of MH service use over time, indicating the impor-
tance of considering timing of MH visits in future research. We 
also observed differences based on sex, which highlights the 
importance of treating sex as a potential effect measure modi-
fier in veteran MH service use research. Additionally, our find-
ings provide a demonstration of how varying approaches to 
creating civilian comparator cohorts affects the magnitude of 

effect estimates. Interestingly, we found that matching on region 
of residence resulted in a shift of the effect estimate towards 
the null, while additionally including median neighbourhood 
income quintile as a matching variable shifted the effect esti-
mate away from the null. We also found that matching approach 
impacted the overall effect estimate and for the first 3 years of 
follow- up, but not for years 4 and 5, which further emphasises 
the importance of considering time when making design choices 
and interpreting findings.

Acknowledgements This document used data adapted from the Statistics 
Canada Postal CodeOM Conversion File, which is based on data licensed from 
Canada Post Corporation, and/or data adapted from the Ontario Ministry of Health 
Postal Code Conversion File, which contains data copied under licence from Canada 
Post Corporation and Statistics Canada. Parts of this material are based on data 
and/or information compiled and provided by the MOH and CIHI. The analyses, 
conclusions, opinions and statements expressed herein are solely those of the 
authors and do not reflect those of the funding or data sources; no endorsement is 
intended or should be inferred. We thank IQVIA Solutions Canada for use of their 
Drug Information File.

Contributors KS, PK, ALM and PMS conceptualised the study and contributed to 
the study design, analytical plan and interpretation. ALM, PK and KS contributed to 
data collection. KS conducted the statistical analyses. KS drafted the manuscript. All 
authors reviewed and approved the final version of the manuscript. KS acts as the 
guarantor of the manuscript.

Funding KS received funding for her doctoral research from a Canadian Institutes 
of Health Research Doctoral Research Award, the Wounded Warriors Canada 
Doctoral Scholarship and a PEO International Scholar Award. This research is part 
of a larger project that received funding from True Patriot Love and the Canadian 
Institute for Military and Veteran Health Research through the CIMVHR TPL Research 
Initiative. This study was supported by ICES, which is funded by an annual grant from 
the Ontario Ministry of Health (MOH) and the Ministry of Long- Term Care (MLTC).

Competing interests None declared.

Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by 
the University of Toronto Research Ethics Board (protocol #00039511). ICES is 
an independent, non- profit research institute funded by an annual grant from the 
Ontario Ministry of Health (MOH) and the Ministry of Long- Term Care (MLTC). As a 
prescribed entity under Ontario’s privacy legislation, ICES is authorised to collect and 
use healthcare data, without consent, for the purposes of health system analysis, 
evaluation and decision support. Secure access to these data is governed by policies 
and procedures that are approved by the Information and Privacy Commissioner of 
Ontario.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are 
not publicly available. The data set from this study is held securely in coded form at 
ICES. While legal data sharing agreements between ICES and data providers (eg, 
healthcare organisations and government) prohibit ICES from making the data set 
publicly available, access may be granted to those who meet prespecified criteria for 
confidential access, available at www. ices. on. ca/ DAS (email:  das@ ices. on. ca).

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 
is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Kate St.Cyr http://orcid.org/0000-0002-5858-7612
Peter M Smith http://orcid.org/0000-0001-8286-4563

 on June 2, 2023 by guest. P
rotected by copyright.

http://oem
.bm

j.com
/

O
ccup E

nviron M
ed: first published as 10.1136/oem

ed-2022-108772 on 25 M
ay 2023. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5858-7612
http://orcid.org/0000-0001-8286-4563
http://oem.bmj.com/


7St.Cyr K, et al. Occup Environ Med 2023;0:1–7. doi:10.1136/oemed-2022-108772

Methodology

REFERENCES
 1 Hoerster KD, Lehavot K, Simpson T, et al. Health and health behavior differences: U.S. 

military, veteran, and civilian men. Am J Prev Med 2012;43:483–9. 
 2 Hall AL, Sweet J, Tweel M, et al. Comparing negative health indicators in male 

and female veterans with the Canadian general population. BMJ Mil Health 
2022;168:82–7. 

 3 MacLean MB, Sweet J, Mahar AL, et al. Health care access and use among male 
and female Canadian armed forces veterans, report no.: 82- 003- X [Online]. 2021. 
Available: https://www150.statcan.gc.ca/n1/en/pub/82-003-x/2021003/article/ 
00002-eng.pdf?st=5o9dlR4D [Accessed 25 May 2022].

 4 Bergman BP, Mackay DF, Smith DJ, et al. Long- term mental health outcomes of 
military service: national linkage study of 57,000 veterans and 173,000 matched 
Nonveterans. J Clin Psychiatry 2016;77:793–8. 

 5 Kleinbaum DG, Klein M. Survival analysis. In: Kleinbaum DG, Klein M, eds. The Cox 
proportional hazards model and its characteristics. 3rd ed. New York, NY: Springer, 
2012: 97–159. 

 6 Blackburn D. Out of uniform: psychosocial issues experienced and coping mechanisms 
used by veterans during the military–civilian transition. J Mil Veteran Fam Health 
2017;3:62–9. 

 7 Morgan NR, Aronson KR, Perkins DF, et al. Reducing barriers to Post- 9/11 veterans’ 
use of programs and services as they transition to civilian life. BMC Health Serv Res 
2020;20:525. 

 8 Veterans Affairs Canada. Info brief: fast facts on female and male veterans in Canada. 
Veterans Affairs Canada Research Directorate. 2018. Available: https://www.veterans. 
gc.ca/eng/about-vac/research/research-directorate/info-briefs/female-and-male- 
veterans [Accessed 23 Aug 2022].

 9 Statistics Canada. Population estimates on July 1ST, by age and sex [online]. 2021. 
10.25318/1710000501- eng

 10 Statistics Canada. On guard for thee: serving in the Canadian armed forces [online]. 
2022. Available: https://www150.statcan.gc.ca/n1/daily-quotidien/220713/ 
dq220713c-eng.pdf [Accessed 19 Aug 2022].

 11 Statistics Canada. Census profile [online]. 2021. Available: https://www12.statcan.gc. 
ca/census-recensement/2021/dp-pd/prof/index.cfm?Lang=E [Accessed 23 Aug 2022].

 12 Mahar AL, Aiken AB, Kurdyak P, et al. Description of a longitudinal cohort to 
study the health of Canadian veterans living in Ontario. J Mil Veteran Fam Health 
2016;2:33–42. 

 13 Kurdyak P, Stukel TA, Goldbloom D, et al. Universal coverage without universal 
access: a study of psychiatrist supply and practice patterns in Ontario. Open Med 
2014;8:e87–99.

 14 Kurdyak P, Zaheer J, Cheng J, et al. Changes in characteristics and practice patterns of 
Ontario psychiatrists. Can J Psychiatry 2017;62:40–7. 

 15 Thompson J, MacLean MB, Van Til L, et al. Survey on transition to civilian life: 
report on regular force veterans. 2011. Available: https://publications.gc.ca/ 
collections/collection_2011/acc-vac/V32-231-2011-eng.pdf [Accessed 9 Sep 
2022].

 16 Rusu C, Zamorski MA, Boulos D, et al. Prevalence comparison of past- year mental 
disorders and suicidal behaviours in the Canadian armed forces and the Canadian 
general population. Can J Psychiatry 2016;61:46S–55S. 

 17 Fikretoglu D, Liu A, Zamorski MA, et al. Do investments in mental health systems 
result in greater use of mental health services? National trends in mental health 
service use (MHSU) in the Canadian military and comparable Canadian civilians, 
2002- 2013. Can J Psychiatry 2018;63:602–9. 

 18 Greenland S, Morgenstern H. Matching and efficiency in cohort studies. Am J 
Epidemiol 1990;131:151–9. 

 19 Rothman KJ, Lash TLL. Epidemiologic study design with validity and efficiency 
considerations. In: Lash TL, Vanderweele TG, Haneuse S, et al., eds. Modern 
epidemiology. 4th ed. New York, NY: Wolters Kluwer, 2021: 105–40.

 20 Mahar AL, Aiken AB, Cramm H, et al. A new resource to study the health of military 
families in Ontario. J Mil Veteran Fam Health 2015;1:3–4. 

 21 Mahar AL, Cramm H, Aiken AB, et al. A retrospective cohort study comparing non- fatal 
self- harm emergency department visits between Canadian veterans living in Ontario 
and matched civilians. Int Rev Psychiatry 2019;31:25–33. 

 22 Mahar AL, Aiken AB, Whitehead M, et al. Suicide in Canadian veterans living in 
Ontario: a retrospective cohort study linking routinely collected data. BMJ Open 
2019;9:e027343. 

 23 Kang HK, Bullman TA. Mortality among U.S. veterans of the Persian Gulf war. N Engl J 
Med 1996;335:1498–504. 

 24 Choi BC. Definition, sources, magnitude, effect modifiers, and strategies of reduction 
of the healthy worker effect. J Occup Med 1992;34:979–88.

 25 McMichael AJ. Standardized mortality ratios and the "healthy worker effect": 
scratching beneath the surface. Journal of Occupational and Environmental Medicine 
1976;18:165–8. 

 26 McLaughlin R, Nielsen L, Waller M. An evaluation of the effect of military service on 
mortality: quantifying the healthy soldier effect. Ann Epidemiol 2008;18:928–36. 

 27 Steele LS, Glazier RH, Lin E, et al. Using administrative data to measure ambulatory 
mental health service provision in primary care. Med Care 2004;42:960–5. 

 28 Kralj B. Measuring rurality - RIO 2008_basic: methodology and results. Canadian 
Electronic Library. 2009. Available: https://policycommons.net/artifacts/1227502/ 
measuring-rurality/1780574/ [Accessed 22 Aug 2022].

 29 Lucas G, Bielska IA, Fong R, et al. Rural- urban differences in use of health 
care resources among patients with ankle sprains in Ontario. Can J Rural Med 
2018;23:7–14.

 30 Starfield B, Weiner J, Mumford L, et al. Ambulatory care groups: a categorization of 
diagnoses for research and management. Health Serv Res 1991;26:53–74.

 31 Weiner JP, Starfield BH, Steinwachs DM, et al. Development and application 
of a population- oriented measure of ambulatory care case- mix. Med Care 
1991;29:452–72. 

 32 Austin PC. Using the standardized difference to compare the prevalence of a binary 
variable between two groups in observational research. Communications in Statistics 
- Simulation and Computation 2009;38:1228–34. 

 33 Austin PC. Balance diagnostics for comparing the distribution of baseline covariates 
between treatment groups in propensity- score matched samples. Stat Med 
2009;28:3083–107. 

 34 Kleinbaum DG, Klein M. Survival analysis. In: Kleinbaum DG, Klein M, eds. Extension 
of the Cox proportional hazards model for time- dependent variables. 3rd ed. New 
York, NY: Springer, 2012: 241–88. 

 35 SAS Institute Incorporated. Base SAS® 9.4 procedures guide. Cary, NC: SAS Institute 
Inc, 2015.

 36 Sutradhar R, Austin PC. Relative rates not relative risks: addressing a widespread 
misinterpretation of hazard ratios. Ann Epidemiol 2018;28:54–7. 

 37 Bergman BP, Mackay DF, Smith DJ, et al. Non- fatal self- harm in Scottish military 
veterans: a retrospective cohort study of 57,000 veterans and 173,000 matched non- 
veterans. Soc Psychiatry Psychiatr Epidemiol 2019;54:81–7. 

 38 Bergman BP, Mackay DF, Pell JP. Long- term consequences of alcohol misuse in Scottish 
military veterans. Occup Environ Med 2015;72:28–32. 

 39 Bergman BP, Mackay DF, Pell JP. Suicide among Scottish military veterans: follow- up 
and trends. Occup Environ Med 2022;79:88–93. 

 40 Thompson JM, VanTil LD, Zamorski MA, et al. Mental health of Canadian armed forces 
veterans: review of population studies. J Mil Veteran Fam Health 2016;2:70–86. 

 on June 2, 2023 by guest. P
rotected by copyright.

http://oem
.bm

j.com
/

O
ccup E

nviron M
ed: first published as 10.1136/oem

ed-2022-108772 on 25 M
ay 2023. D

ow
nloaded from

 

http://dx.doi.org/10.1016/j.amepre.2012.07.029
http://dx.doi.org/10.1136/bmjmilitary-2020-001526
https://www150.statcan.gc.ca/n1/en/pub/82-003-x/2021003/article/00002-eng.pdf?st=5o9dlR4D
https://www150.statcan.gc.ca/n1/en/pub/82-003-x/2021003/article/00002-eng.pdf?st=5o9dlR4D
http://dx.doi.org/10.4088/JCP.15m09837
http://dx.doi.org/10.1007/978-1-4419-6646-9
http://dx.doi.org/10.1007/978-1-4419-6646-9
http://dx.doi.org/10.3138/jmvfh.4160
http://dx.doi.org/10.1186/s12913-020-05320-4
https://www.veterans.gc.ca/eng/about-vac/research/research-directorate/info-briefs/female-and-male-veterans
https://www.veterans.gc.ca/eng/about-vac/research/research-directorate/info-briefs/female-and-male-veterans
https://www.veterans.gc.ca/eng/about-vac/research/research-directorate/info-briefs/female-and-male-veterans
https://www150.statcan.gc.ca/n1/daily-quotidien/220713/dq220713c-eng.pdf
https://www150.statcan.gc.ca/n1/daily-quotidien/220713/dq220713c-eng.pdf
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/prof/index.cfm?Lang=E
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/prof/index.cfm?Lang=E
http://dx.doi.org/10.3138/jmvfh.3721
http://dx.doi.org/25426177
http://dx.doi.org/10.1177/0706743716661325
https://publications.gc.ca/collections/collection_2011/acc-vac/V32-231-2011-eng.pdf
https://publications.gc.ca/collections/collection_2011/acc-vac/V32-231-2011-eng.pdf
http://dx.doi.org/10.1177/0706743716628856
http://dx.doi.org/10.1177/0706743718760291
http://dx.doi.org/10.1093/oxfordjournals.aje.a115469
http://dx.doi.org/10.1093/oxfordjournals.aje.a115469
http://dx.doi.org/10.3138/jmvfh.1.2.002
http://dx.doi.org/10.1080/09540261.2019.1580685
http://dx.doi.org/10.1136/bmjopen-2018-027343
http://dx.doi.org/10.1056/NEJM199611143352006
http://dx.doi.org/10.1056/NEJM199611143352006
http://dx.doi.org/1403198
http://dx.doi.org/10.1097/00043764-197603000-00009
http://dx.doi.org/10.1016/j.annepidem.2008.09.002
http://dx.doi.org/10.1097/00005650-200410000-00004
https://policycommons.net/artifacts/1227502/measuring-rurality/1780574/
https://policycommons.net/artifacts/1227502/measuring-rurality/1780574/
http://dx.doi.org/1901841
http://dx.doi.org/10.1097/00005650-199105000-00006
http://dx.doi.org/10.1080/03610910902859574
http://dx.doi.org/10.1080/03610910902859574
http://dx.doi.org/10.1002/sim.3697
http://dx.doi.org/10.1007/978-1-4419-6646-9
http://dx.doi.org/10.1007/978-1-4419-6646-9
http://dx.doi.org/10.1016/j.annepidem.2017.10.014
http://dx.doi.org/10.1007/s00127-018-1588-9
http://dx.doi.org/10.1136/oemed-2014-102234
http://dx.doi.org/10.1136/oemed-2021-107713
http://dx.doi.org/10.3138/jmvfh.3258
http://oem.bmj.com/


Supplemental Table 1. Baseline characteristics and standardized differences of Veteran and matched civilian cohorts 
Variable Veteran 

cohort 1 

N = 31,759 

Civilian cohort 1 

N = 127,031 

Std. 

diff 

Veteran 

cohort 2 

N = 30,675 

Civilian cohort 2 

N = 122,688 

Std. 

diff 

Veteran 

cohort 3 

N = 30,576 

Civilian cohort 3 

N = 122,293 

Std. 

diff 

Age at index 
41.8 (10.3) 41.8 (10.3) 0.0 41.9 (10.3) 41.9 (10.3) 0.0 41.9 (10.3) 41.9 (10.3) 0.0 

Person years of 

follow-up 

11.7 (8.2) 12.9 (8.0) 0.15 11.9 (8.1) 12.7 (8.0) 0.10 11.9 (8.1) 12.8 (8.0) 0.11 

Sex 

   Male 

   Female 
27,058 (85.2) 

4,701 (14.8) 

108,227 (85.2) 

18,804 (14.8) 

0.0 

0.0 

26,150 (85.3) 

4,525 (14.8) 

104,589 (85.3) 

18,099 (14.8) 

0.0 

0.0 

26,067 (85.3) 

4,509 (14.8) 

104,262 (85.3) 

18,031 (14.7) 

0.0 

0.0 

Income quintile 

   Missing 

   1 (lowest) 

   2 

   3 

   4 

   5 (highest) 

 

1,183 (3.7) 

3,358 (10.6) 

5,381 (16.9) 

6,642 (20.9) 

7,914 (24.9) 

7,281 (22.9) 

 

1,687 (1.3) 

25,413 (20.0) 

25,071 (19.7) 

24,873 (19.6) 

25,190 (19.8) 

24,797 (19.5) 

 

0.15 

0.26 

0.07 

0.03 

0.12 

0.08 

 

99 (0.3) 

3,358 (10.9) 

5,381 (17.5) 

6,642 (21.7) 

7,914 (25.8) 

7,281 (23.7) 

 

686 (0.6) 

24,394 (19.9) 

23,621 (19.3) 

24,481 (20.0) 

24,916 (20.3) 

24,590 (20.0) 

 

0.04 

0.25 

0.04 

0.04 

0.13 

0.09 

 

0 (0.0) 

3,358 (11.0) 

5,381 (17.6) 

6,642 (21.7) 

7,914 (25.9) 

7,281 (23.8) 

 

0 (0.0) 

13, 430 (11.0) 

21,522 (17.6) 

26,567 (21.7) 

31,655 (25.9) 

29,119 (23.8) 

 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

LHIN 

   Missing 

   Erie St. Clair 

   South West 

   Waterloo -   

   Wellington 

   HNHB 

   Central West 

   Mississauga- 

   Halton 

   Toronto Central 

   Central 

   Central East 

   South East 

   Champlain 

   North Simcoe-   

   Muskoka 

   North East 

   North West 

 

1,084 (3.4) 

497 (1.6) 

1,204 (3.9) 

463 (1.5) 

 

908 (3.0) 

228 (0.7) 

387 (1.3) 

 

295 (1.0) 

622 (2.0) 

747 (2.4) 

6,423 (20.9) 

15,249 (49.7) 

2,380 (7.8) 

 

1,119 (3.7) 

153 (0.5) 

 

1,059 (0.8) 

6,182 (4.9) 

8,762 (7.0) 

6,906 (5.5) 

 

13,055 (10.4) 

7,782 (6.2) 

10,910 (8.7) 

 

13,113 (10.4) 

16,336 (13.0) 

14,658 (11.6) 

4,382 (3.5) 

11,939 (9.5) 

3,853 (3.1) 

 

5,677 (4.5) 

2,417 (1.9) 

 

0.18 

0.19 

0.14 

0.22 

 

0.30 

0.30 

0.35 

 

0.42 

0.43 

0.37 

0.54 

0.94 

0.20 

 

0.05 

0.13 

 

0 (0.0) 

497 (1.6) 

1,204 (3.9) 

463 (1.5) 

 

908 (3.0) 

228 (0.7) 

387 (1.3) 

 

295 (1.0) 

622 (2.0) 

747 (2.4) 

6,423 (20.9) 

15,249 (49.7) 

2,380 (7.8) 

 

1,119 (3.7) 

153 (0.5) 

 

0 (0.0) 

1,988 (1.6) 4,816 

(3.9) 

1,852 (1.5) 

 

3,632 (3.0) 

912 (0.7) 

1,548 (1.3) 

 

1,180 (1.0) 

2,488 (2.0) 

2,988 (2.4) 

25,690 (20.9) 

60,988 (49.7) 

9,519 (7.8) 

 

4,475 (3.7) 

612 (0.5) 

 

0.0 

0.0 

0.0 

0.0 

 

0.0 

0.0 

0.0 

 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

 

0.0 

0.0 

 

0 (0.0) 

497 (1.6) 

1,199 (3.9) 

462 (1.5) 

 

904 (3.0) 

227 (0.7) 

387 (1.3) 

 

295 (1.0) 

621 (2.0) 

746 (2.4) 

6,382 (20.9) 

15,215 (49.8) 

2,374 (7.8) 

 

1,115 (3.7) 

152 (0.5) 

 

0 (0.0) 

1,996 (1.6) 

4,796 (3.9) 

1,848 (1.5) 

 

3,616 (3.0) 

908 (0.7) 

1,548 (1.3) 

 

1,180 (1.0) 

2,483 (2.0) 

2,984 (2.4) 

25,523 (20.9) 

60,856 (49.8) 

9,495 (7.8) 

 

4,460 (3.6) 

608 (0.5) 

 

0.0 

0.0 

0.0 

0.0 

 

0.0 

0.0 

0.0 

 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

 

0.0 

0.0 

Rurality 

Missing 

1 (most urban) 

2 

 

1,211 (3.8) 

15,396 (48.5) 

5,207 (16.4) 

 

2,459 (1.9) 

73,647 (58.0) 

23,968 (18.9) 

 

0.11 

0.19 

0.06 

 

127 (0.4) 

15,396 (50.2) 

5,207 (17.0) 

 

1,051 (0.9) 

63,176 (51.5) 

15,465 (12.6) 

 

0.06 

0.03 

0.12 

 

107 (0.4) 

15,350 (50.2) 

5,195 (17.0) 

 

743 (0.6) 

63,985 (52.3) 

14,732 (12.1) 

 

0.04 

0.04 

0.14 
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Variable Veteran 

cohort 1 

N = 31,759 

Civilian cohort 1 

N = 127,031 

Std. 

diff 

Veteran 

cohort 2 

N = 30,675 

Civilian cohort 2 

N = 122,688 

Std. 

diff 

Veteran 

cohort 3 

N = 30,576 

Civilian cohort 3 

N = 122,293 

Std. 

diff 

3 

4 

5 (most rural) 

5,631 (17.7) 

4,205 (13.2) 

109 (0.3) 

17,740 (14.0) 

7,879 (6.2) 

1,338 (1.1) 

0.10 

0.24 

0.09 

5,631 (18.4) 

4,205 (13.7) 

109 (0.4) 

26,218 (21.4) 

16,083 (13.1) 

695 (0.6) 

0.08 

0.02 

0.03 

5,618 (18.4) 

4,198 (13.7) 

108 (0.4) 

27,216 (22.3) 

14,873 (12.2) 

744 (0.6) 

0.10 

0.05 

0.04 

# major ADGs 

0 

1 

2+ 

 

25,423 (80.1) 

5,283 (16.6) 

1,053 (3.3) 

 

100,356 (79.0) 

21,272 (16.8) 

5,403 (4.3) 

 

0.03 

0.00 

0.05 

 

24,402 (79.6) 

5,227 (17.0) 

1,046 (3.4) 

 

96,823 (78.9) 

20,785 (16.9) 

5,080 (4.1) 

 

0.02 

0.00 

0.04 

 

24,327 (79.6) 

5,210 (17.0) 

1,039 (3.4) 

 

98,814 (80.8) 

19,393 (15.9) 

4,086 (3.3) 

 

0.03 

0.03 

0.00 

# minor ADGs 

0 

1-2 

3-5 

6+ 

 

10,465 (33.0) 

12,887 (40.6) 

7,266 (22.9) 

1,141 (3.6) 

 

38,169 (30.1) 

48,614 (38.3) 

32,871 (25.9) 

7,377 (5.8) 

 

0.06 

0.05 

0.07 

0.10 

 

9,699 (31.6) 

12,638 (41.2) 

7,205 (23.5) 

1,133 (3.7) 

 

38,900 (31.7) 

49,083 (40.0) 

29,148 (23.8) 

5,557 (4.5) 

 

0.00 

0.02 

0.01 

0.04 

 

9,659 (31.6) 

12,612 (41.2) 

7,175 (23.5) 

1,310 (4.3) 

 

39,720 (32.5) 

49,414 (40.4) 

28,301 (23.1) 

4,858 (4.0) 

 

0.02 

0.02 

0.01 

0.01 

Reason for end of 

follow-up 

   Death 

   Loss of OHIP  

   eligibility 

   End of study  

   period 

 

 

1,076 (3.4) 

8,481 (26.7) 

 

22,202 (69.9) 

 

 

6,662 (5.2) 

24,864 (19.6) 

 

95,515 (75.2) 

 

 

- 

 

 

1,052 (3.4) 

7,578 (24.7) 

 

22,045 (71.9) 

 

 

6,721 (5.5) 

23,552 (19.2) 

 

92,415 (75.3) 

 

 

- 

 

 

1,046 (3.4) 

7,519 (24.6) 

 

22,011 (72.0) 

 

 

5,590 (4.6) 

23,102 (18.9) 

 

93,601 (76.5) 

 

 

 

- 

NB: percentages may not add up to 100% due to rounding 

LHIN = Local Health Integration Network; HNHB = Hamilton Niagara Haldimand Brant; ADG = Aggregated Disability Group; OHIP = Ontario Health 

Insurance Plan 

Cohort 1 is matched on age and sex; cohort 2 on age, sex, and region of residence; and cohort 3 on age, sex, region of residence, and median neighbourhood 

income quintile. Cohort 3 also excludes civilians with a history of long-term care/rehabilitation stay, and/or receipt of disability/income support payments. 
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Supplemental Table 2. Unadjusted and fully adjusted hazard ratios (HR) of an outpatient mental health encounter within the first five 

years of follow-up for the three cohorts, overall and at 1) three or fewer years of follow-up; and 2) four to five years of follow-up, by 

sex and Veteran status 

Overall (males and females combined) 

 

Cohort 

Unadjusted (crude) models Fully adjusted models 

Overall 

crude HR 

(95% CI) 

p Crude HR1 

(first three 

years of 

follow-up) 

(95% CI) 

p Crude HR2 

(years four 

to five of 

follow-up) 

(95% CI) 

p Overall 

adjusted 

HR (95% 

CI) 

p Adjusted 

HR1 (first 

three years 

of follow-

up)  

(95% CI) 

p Adjusted 

HR2 (years 

four to five 

of follow-

up)  
(95% CI) 

p 

Veteran 1 

(ref = 

civilian 1) 

1.09 (1.06-

1.11) 

<0.001 1.11 (1.08-

1.14) 

<0.001 1.00 (0.95-

1.05) 

0.984 1.11 (1.08-

1.14) 

<0.001 1.13 (1.10-

1.17) 

<0.001 1.03 (0.98-

1.08) 

0.311 

Veteran 2 

(ref = 

civilian 2) 

1.04 (1.02-

1.07) 

<0.001 1.05 (1.03-

1.08) 

<0.001 1.00 (0.95-

1.05) 

0.956 1.08 (1.05-

1.10) 

<0.001 1.09 (1.06-

1.11) 

<0.001 1.04 (0.99-

1.09) 

0.142 

Veteran 3 

(ref = 

civilian 3) 

1.16 (1.13-

1.19) 

<0.001 1.21 (1.18-

1.24) 

<0.001 1.01 (0.96-

1.06) 

0.759 1.18 (1.15-

1.20) 

<0.001 1.22 (1.19-

1.25) 

<0.001 1.02 (0.98-

1.08) 

0.262 

Males only 

 

Cohort 

Unadjusted (crude) models Fully adjusted models 

Overall 

crude HR 

(95% CI) 

p Crude HR1 

(first three 

years of 

follow-up) 

(95% CI) 

p Crude HR2 

(years four 

to five of 

follow-up) 

(95% CI) 

p Overall 

adjusted 

HR (95% 

CI) 

p Adjusted 

HR1 (first 

three years 

of follow-

up)  

(95% CI) 

p Adjusted 

HR2 (years 

four to five 

of follow-

up)  
(95% CI) 

p 

Veteran 1 

(ref = 

civilian 1) 

1.08 (1.05-

1.10) 

<0.001 1.09 (1.06-

1.12) 

<0.001 1.03 (0.97-

1.08) 

0.333 1.10 (1.07-

1.14) 

<0.001 1.12 (1.08-

1.15) 

<0.001 1.05 (1.00-

1.11) 

0.074 

Veteran 2 

(ref = 

civilian 2) 

1.04 (1.01-

1.06) 

0.006 1.04 (1.01-

1.07) 

0.005 1.01 (0.96-

1.07) 

0.607 1.06 (1.04-

1.09) 

<0.001 1.07 (1.04-

1.10) 

<0.001 1.04 (0.99-

1.10) 

0.131 
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Veteran 3 

(ref = 

civilian 3) 

1.15 (1.12-

1.18) 

<0.001 1.19 (1.15-

1.22) 

<0.001 1.03 (0.97-

1.08) 

0.343 1.16 (1.13-

1.18) 

<0.001 1.19 (1.16-

1.22) 

<0.001 1.04 (0.98-

1.10) 

0.184 

Females only 

 Unadjusted (crude) models Fully adjusted models 

 Overall 

crude HR 

(95% CI) 

p Crude HR1 

(first three 

years of 

follow-up) 

(95% CI) 

p Crude HR2 

(years four 

to five of 

follow-up) 

(95% CI) 

p Overall 

adjusted 

HR (95% 

CI) 

p Adjusted 

HR1 (first 

three years 

of follow-

up)  

(95% CI) 

p Adjusted 

HR2 (years 

four to five 

of follow-

up)  
(95% CI) 

p 

Veteran 1 

(ref = 

civilian 1) 

1.16 (1.10-

1.21) 

<0.001 1.21 (1.15-

1.28) 

<0.001 0.90 (0.79-

1.02) 

0.096 1.14 (1.07-

1.2) 

<0.001 1.19 (1.12-

1.27) 

<0.001 0.90 (0.79-

1.03) 

0.902 

Veteran 2 

(ref = 

civilian 2) 

1.09 (1.04-

1.15) 

<0.001 1.12 (1.08-

1.18) 

<0.001 0.95 (0.84-

1.08) 

0.453 1.13 (1.08-

1.19) 

<0.001 1.16 (1.10-

1.22) 

<0.001 1.00 (0.88-

1.14) 

0.997 

Veteran 3 

(ref = 

civilian 3) 

1.24 (1.18-

1.30) 

<0.001 1.31 (1.24-

1.38) 

<0.001 0.94 (0.82-

1.07) 

0.325 1.26 (1.20-

1.32) 

<0.001 1.32 (1.25-

1.39) 

<0.001 0.97 (0.85-

1.10) 

0.968 

HR = hazard ratio; overall HR = average HR over full period of follow-up (i.e., not time-dependent); HR1 = HR for first three years of follow-up; HR2 = HR for 

years four and five  

Cohort 1 is matched on age and sex; cohort 2 on age, sex, and region of residence; and cohort 3 on age, sex, region of residence, and median neighbourhood 

income quintile. Cohort 3 also excludes civilians with a history of long-term care/rehabilitation stay, and/or receipt of disability/income support payments. 

Unadjusted models did not include any covariates; fully adjusted models included age, sex, region of residence, median neighbourhood income quintile, rurality, 

and number of major and minor ADGs. 
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