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Sex-specific differences in physical health and health
services use among Canadian Veterans: a
retrospective cohort study using healthcare

administrative data
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ABSTRACT

Introduction Military occupations have historically
been, and continue to be, male dominated. As such,
female military Veteran populations tend to be under-
studied, and comparisons of the physical health status
and patterns of health services use between male and
female Veterans are limited outside of US samples. This
study aimed to compare the physical health and health
services use between male and female Veterans residing
in Ontario, Canada.

Methods A retrospective cohort of 27058 male and
4701 female Veterans residing in Ontario whose military
service ended between 1990 and 2019 was identified
using routinely collected administrative healthcare data.
Logistic and Poisson regression models were used to
assess sex-specific differences in the prevalence of select
physical health conditions and rates of health services
use, after multivariable adjustment for age, region of resi-
dence, rurality, neighbourhood median income quintile,
length of service in years and number of comorbidities.
Results The risk of rheumatoid arthritis and asthma was
higher for female Veterans compared with male Veterans.
Female Veterans had a lower risk of myocardial infarction,
hypertension and diabetes. No sex-specific differences
were noted for chronic obstructive pulmonary disease.
Female Veterans were also more likely to access all types
of health services than male Veterans. Further, female
Veterans accessed primary, specialist and emergency
department care at greater rates than male Veterans. No
significant differences were found in the sex-specific rates
of hospitalisations or home care use.

Conclusions Female Veterans residing in Ontario,
Canada have different chronic health risks and engage
in health services use more frequently than their male
counterparts. These findings have important healthcare
policy and programme planning implications, in order to
ensure female Veterans have access to appropriate health
services.

INTRODUCTION

Military populations tend to be male dominated.
Consequently, female military Veterans are an
insufficiently studied and, as a result, potentially
medically underserved subpopulation of many
ex-serving armed forces communities. In the UK,
women make up approximately 11% of the Veteran
population,! while in Canada, women represent
14% of all Veterans.” In the USA, women repre-
sent approximately 10% of all Veterans,” and
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Key messages

= Women serving in the Canadian Armed Forces
became eligible to serve in all military roles,
including combat, several decades earlier than
their UK and US counterparts.

= This study builds on existing research by
exploring sex-specific differences in chronic
health risk and health services use among
Veterans residing in Canada’s largest province.

= We found notable sex-specific differences in the
risk of chronic conditions and health services
use within the first 5 years following military
release.

= These findings suggest that female Veterans
may benefit from the planning and provision of
targeted health services within the first 5years
following their release.

women make up an estimated 11% of Australian
Veterans.” Until recently, sex determined eligibility
for a number of defence roles across the military.
In Canada, women were historically restricted to
roles in medicine, communication and administra-
tion. In 1988, women became eligible to serve in
any role in the Canadian Armed Forces (CAF), with
the exception of submarine service; by 2001, the
submarine restriction was lifted and women could
serve in all roles.” The provision of equal oppor-
tunities to women in CAF occurred notably earlier
than in other comparable national military: women
were not eligible to serve in all roles in the US and
British armies until 2016° and 2018,” respectively.
This may mean that the military experiences and,
potentially, health outcomes of contemporary
female Veterans in Canada are notably different
than those of female Veterans of the US and UK
military forces.

Comparisons of physical health outcomes and
patterns of health services use between male and
female Veterans are scarce outside of US Veteran
samples.® Some US studies have demonstrated
higher rates of hypertension and diabetes’ and
cardiovascular concerns, including myocardial
infarction (MI),'° among male Veterans. Conversely,
women appear to have higher rates of asthma'' and
arthritis,'? and are also more likely to seek health-
care than male Veterans."® Given that contemporary
female Veterans in Canada are likely to have similar
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occupational exposures and experiences as male Veterans, it
is possible that the sex-specific differences in health outcomes
documented in US samples are attenuated in Canadian samples.
However, there is little evidence about sex-specific differences in
Canadian military samples to inform defence and health policy
in this area, as much of the existing research in Canada is limited
by small numbers of women and other methodological concerns,
such as reliance on convenience samples or self-report data.

A clear understanding of whether sex-specific differences in
physical health and health services use exist in Veteran popula-
tions outside the USA is required to prioritise, target and deliver
appropriate health services to female Veterans following their
release from the military. Further, research exploring the possi-
bility of sex-specific differences in physical health outcomes and
patterns of health services use at the population-level from a
public health system could generate valuable information that
could be used to inform planning and policy. The objectives of
this study are to describe: (1) the prevalence of asthma, chronic
obstructive pulmonary disease (COPD), diabetes, hypertension,
MI and rheumatoid arthritis (RA); and (2) rates of medical
services use (primary care, specialist, emergency department
(ED), home care visits and hospitalisations) among Canadian
Veterans residing in Ontario using routinely collected adminis-
trative healthcare data.

METHODS

Study design and location

This study employed a retrospective cohort design of Veterans
residing in Ontario, Canada, using routinely collected adminis-
trative healthcare data at ICES (formerly the Institute for Clin-
ical Health Sciences), a not-for-profit health services and policy
research institute that holds Ontario’s health-related administra-
tive data.

Study population

The study population consisted of Veterans, defined as former
members of the CAF or Royal Canadian Mounted Police (RCMP)
who provided evidence of their service to the Ministry of Health
and Long Term Care (MOHLTC) at the time of enrolment into
the Ontario Health Insurance Plan (OHIP). In Canada, health
insurance coverage transitions from federal to provincial over-
sight at the time of departure from the CAF and RCMP; and,
in Ontario, the standard 3-month waiting period for provincial
health insurance is waived when evidence of CAF or RCMP
service is provided. An administrative CAF/RCMP code is then
linked to the provincial health card, as well as service start and
end dates. For this study, the MOHLTC provided an anonymised
list of individuals with an administrative CAF/RCMP code. Data
anonymisation and linkage to the unique encoded identifier
(ICES Key Number (IKN)) were performed according to stan-
dard ICES protocol by the ICES Data Acquisition team prior to
the research team accessing the data.

Veteran inclusion/exclusion criteria

Veterans were included in this study if they registered for OHIP
between 1 April 1990 and 31 December 2019. As of 1 April
2013, RCMP members no longer receive federal health coverage
and so were not captured after this date. The date of OHIP regis-
tration is a close approximation of the Veteran’s release date
from the CAF or RCMP."* We excluded Veterans who had OHIP
coverage while still engaged in CAF or RCMP service, as indi-
cated by OHIP billing record dates, or who were younger than
16 years of age at time of enrolment (see online supplemental

table 1 for number of participants excluded at each step). Indi-
viduals were followed until death, end of OHIP coverage (eg,
moved out of province) or until the end of the study period (31
December 2019).

Data sources

The study linked multiple administrative datasets at the indi-
vidual level using the IKN. The Registered Persons Database
provided age, sex, residential geography and neighbourhood
median income data. The OHIP database provided informa-
tion on eligibility for provincial health services, while the ICES
Physician Database was used to identify physician specialty. The
Canadian Institute of Health Information Discharge Abstract
Database provided information on hospitalisations and the
National Ambulatory Care Reporting System provided diag-
nostic and service information on ED visits.

Statistical analysis

Exposure variable

Sex was the primary exposure variable. This information is
collected primarily from the OHIP application form, which
requests sex as a dichotomous variable (male/female).

Outcome variables

This study had two primary outcomes: (1) health outcomes,
including risk of asthma, COPD, diabetes, hypertension, MI and
RA; and (2) health services use, including primary care physician
visits, specialist physician visits, ED visits, hospitalisations and
home care visits within the first 5years of follow-up following
release from their service. All health outcomes were identified
using standard algorithms™ ™" and diagnosis dates in disease-
specific derived cohorts held at ICES, and were dichotomised
as S-year prevalence (yes/no). Primary care visits were defined
as visits to doctors with specialties in family medicine or family
medicine/emergency medicine, while specialist visits included
visits with any other specialist. ED visits included all non-
scheduled visits to hospital EDs, while hospitalisations included
all inpatient stays, with the exception of those in rehabilitation
facilities. All home care visits were included. Each health services
use outcome variable was measured as a dichotomous (yes/no)
and a count variable.

Covariates

Covariates for models assessing chronic disease risk were held at
their baseline status, and included: age (in years), sex, residential
geography, neighbourhood median income quintile, rurality of
residence and length of military service (in years). Covariates
for models assessing health services use additionally included
the presence of the health outcomes identified in the first objec-
tive. Neighbourhood median income quintile (1=lowestto
5S=highest) was determined using census data linked to postal
codes. The Rurality Index of Ontario (RIO) assigns munici-
palities a score (range: 0—100) based on their total population,
population density and travel times to healthcare centres.!
Using participants’ postal codes, we categorised RIO scores as
major urban centres (0-9), non-major urban areas (10-30), rural
areas (31-50) and rural-remote areas (51+).

Crude prevalence risk ratios (RRs) and 95% Cls were esti-
mated using logistic regression for asthma, COPD, diabetes,
MI and RA; and modified Poisson regression with robust error
variance for hypertension. These models were then adjusted for
baseline age, length of service, neighbourhood median income
quintile and rurality. Crude RRs of (1) primary care visits, (2)
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specialist visits, (3) ED visits, (4) hospitalisations, and (5) home
care visits were estimated using logistic regression and modified
Poisson regression with robust error variance. Crude rate ratios
of each health services visit type, among Veterans with at least
one visit, were estimated using Poisson regression. These models
were then adjusted for baseline age, length of service, neighbour-
hood median income quintile, rurality, and presence of asthma,
COPD, diabetes, hypertension, MI, and RA. For all analyses,
two-sided hypothesis tests were completed, and p values less
than 0.05 were considered statistically significant. Analyses were
performed using SAS V.9.4.

Sensitivity analyses

We restricted the cohort to those who had at least 1year of
follow-up (ie, released from the CAF or RCMP prior to 1
January 2019), and repeated the analytical plan described above.

RESULTS

Participants

A total of 36163 Veterans were identified in the administrative
data cohort. After removing individuals who did not meet inclu-
sion criteria (see online supplemental table 1), 31759 Veterans
were included in the analyses; 14.8% (n=4701) were female.
The average age of all Veterans was 41.80 years (SD=10.32).
Veterans had an average of 4.19 years of follow-up (SD=1.47)
within the first 5years following their release from the CAF or
RCMP. Table 1 below compares the baseline characteristic distri-
bution between male and female Veterans.

Female Veterans were, on average, slightly younger than male
Veterans at the time they transitioned from military service back
to civilian life. Notably, significantly fewer female Veterans
served for 30+ years than male Veterans (7.8% of female vs
22.6% of male Veterans).

Risk of chronic disease

Table 2 compares the crude and adjusted prevalence RRs of
asthma, COPD, hypertension, diabetes, MI, and RA between
male and female Veterans, within the first 5years of follow-up
following release from the CAF or RCMP.

Statistically significant differences between male and female
Veterans were observed for all adjusted prevalence RRs, with
the exception of COPD. The adjusted risks of RA and asthma
were 135% and 20% higher, respectively, among female
Veterans compared with male Veterans within the first § years of
follow-up after transitioning from the CAF or RCMP. However,
the adjusted risk of hypertension and diabetes within the first
Syears of follow-up was approximately 35% less for female
Veterans than male Veterans. The risk of MI was 90% lower for
female than male Veterans.

Health services use
Table 3 displays the proportion of Veterans who had a healthcare
encounter at least once within the first 5 years following release
from the military, and the RRs for each type of healthcare visit.
The majority of Veterans had at least one visit with a primary
care provider, and over half of all Veterans had at least one visit
with a specialist, regardless of sex. However, female Veterans
were more likely than male Veterans to access each type of health
service within the first 5 years following release; and were much
more likely to be hospitalised (adjusted RR=2.52, 95% CI=2.30
to 2.75, p<0.0001).

Table 4 displays the median number of primary care,
specialist, ED, hospitalisations, and home care visits for male

Table 1 Baseline characteristics of male and female Veteran cohorts,
standardised differences

N Veterans (%)
Male (n=27058)

Demographic
characteristic

Female (n=4701) Std diff VR

Average age in years 42.24 (10.39) 39.25 (9.50) 0.3 1.2
(SD)
Age
<30years 4280 (15.8) 872 (18.5) 0.07 6.53
30-39years 5580 (20.6) 1447 (30.8) 0.23 7.49
40-49years 9002 (33.3) 1653 (35.2) 0.04 5.91
>50years 8196 (30.3) 729 (15.5) 0.36 3.57
Local Health
Integration Network
Missing 908 (3.4) 176 (3.7) 0.02 6.4
Erie St Clair 445 (1.6) 52 (1.1) 0.05 3.89
South West 1095 (4.0) 109 (2.3) 0.1 3.36
Waterloo 415 (1.5) 48 (1.0) 0.05 3.85
Wellington
Hamilton Niagara 809 (3.0) 99 (2.1) 0.06 4.09
Haldimand Brant
Central West 203 (0.8) 25 (0.5) 0.03 4.09
Mississauga Halton 339(1.3) 48 (1.0) 0.02 4.7
Toronto Central 252 (0.9) 43 (0.9) 0 5.65
Central 547 (2.0) 75 (1.6) 0.03 4.56
Central East 668 (2.5) 79 (1.7) 0.06 3.95
South East 5369 (19.8) 1054 (22.4) 0.06 6.29
Champlain 12916 (47.7) 2333 (49.6) 0.04 5.77
North Simcoe 1999 (7.4) 381 (8.1) 0.03 6.27
Muskoka
North East 962 (3.6) 157 (3.3) 0.01 5.42
North West 131(0.5) 22 (0.5) 0 5.56
Rurality Index of
Ontario
0-9 15243 (56.3) 2481 (52.8) 0.07 5.83
10-30 4875 (18.0) 834 (17.7) 0.01 5.69
31-50 3378 (12.5) 603 (12.8) 0.01 5.89
51+ 3562 (13.2) 783 (16.7) 0.1 6.99
Income quintile
Missing 991 (3.7) 192 (4.1) 0.02 6.39
1 (lowest) 2838 (10.5) 520 (11.1) 0.02 6.03
2 4497 (16.6) 884 (18.8) 0.06 6.34
3 5638 (20.8) 1004 (21.4) 0.01 5.86
4 6791 (25.1) 1123 (23.9) 0.03 5.57
5 (highest) 6303 (23.3) 978 (20.8) 0.06 5.31
Length of service
<5years 4873 (18.0) 968 (20.6) 0.07 6.37
5-9years 3594 (13.3) 785 (16.7) 0.1 6.95
10-19years 4219 (15.6) 1101 (23.4) 0.2 7.84
20-29years 8247 (30.5) 1481 (31.5) 0.02 5.86
30+ years 6125 (22.6) 366 (7.8) 0.42 2.36
Year of transition
1990-1995 4768 (17.6) 718 (15.3) 0.06 5.13
1996-2000 5055 (18.7) 817 (17.4) 0.03 5.44
2001-2005 4014 (14.8) 679 (14.4) 0.01 5.63
2006-2010 4582 (16.9) 840 (17.9) 0.02 6.01
2011-2015 4378 (16.2) 851 (18.1) 0.05 6.29
2016 or later 4261 (16.7) 796 (16.9) 0.03 6.1

Std diff, standardised difference; VR, variance ratio.

and female Veterans (restricted to Veterans who had at least one
visit during the follow-up period); and summarises the crude
and adjusted relative rate ratios for each type of health service
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Table 2 Crude and adjusted prevalence risk ratios (RRs) of chronic disease, female versus male (reference group) Veterans

N events (%)

Male Veterans Female Veterans Crude RR (95% CI) P value aRR* (95% Cl) P value
Asthma 1272 (4.7) 305 (6.5) 1.41 (1.24 10 1.60) <0.0001 1.21 (1.07 to 1.39) 0.004
COPD 416 (1.5) 61(1.3) 0.84 (0.64 to 1.10) 0.21 1.02 (0.78 to 1.35) 0.86
Hypertension 3518 (13.0) 299 (6.4) 0.45 (0.40 to 0.51) <0.0001 0.58 (0.51 to 0.66) <0.0001
Diabetes 1310 (4.8) 116 (2.5) 0.50 (0.41 to 0.60) <0.0001 0.64 (0.53 t0 0.78) <0.0001
M 134 (0.5) Suppressed due to small cell size 0.10 (0.02 to 0.40) 0.001
RA 79(0.3) 27 (0.6) 1.97 (1.27 t0 3.06) 0.0024 2.35(1.51 to 3.66) 0.0002

*Adjusted for age, region of residence, rurality, income quintile and length of service.

COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; RA, rheumatoid arthritis.

encounter. Rates of primary care, specialist and ED visits were
higher among female Veterans compared with male Veterans;
these differences remained after adjusting for age, region of resi-
dence, rurality, neighbourhood median income quintile, asthma,
COPD, diabetes, hypertension, MI and RA. There were no
notable differences in the rates of hospitalisations or home care
visits between female and male Veterans.

Sensitivity analyses

The findings of the sensitivity analyses are presented in online
supplemental tables 2—4. After restricting the cohort to those
who had at least 1 full year of follow-up (N=30548), our find-
ings remained unchanged.

DISCUSSION

Our study found that female Veterans had a greater risk of
asthma and RA than male Veterans in the first 5 years following
military release, while their risk of diabetes, hypertension and
MI was lower. No sex-specific differences were noted in the
prevalence of COPD. We also found that most Veterans had
at least one encounter with a primary care provider in the first
S years following their release, regardless of sex, but that female
Veterans were more likely than male Veterans to have at least one
encounter across each health service type. Additionally, female
Veterans accessed primary, specialist and ED care at higher rates
than male Veterans within the first 5 years following release from
military service. We did not observe notable differences in the
rates of hospitalisations or home care.

The sex-specific differences in risk of chronic disease among
Veterans residing in Ontario are similar to those reported
within US Veteran samples,”'® despite probable differences in
the military experiences of female Veterans in Canada and the
USA. Similar sex-specific differences in the risks of arthritis,*
hypertension,” diabetes and cardiovascular disease** have also

been reported in the Canadian general population (see online
supplemental table 5). The sex-specific differences in health
services use we observed support existing research from studies
of US Veterans, as well as the Canadian civilian population.”
Unfortunately, there is a dearth of research examining sex-
specific differences in the physical health outcomes and health
services use within active-duty CAF members or Veterans in
the UK or Australia; and there are no other population-level
studies comparing sex-specific risks of chronic disease or health
services use between male and female Veterans in other Cana-
dian jurisdictions. Given that the occupational exposures and
experiences of male and female Veterans in our sample are likely
more similar to each other than those of the aforementioned US
studies, the similarities in the findings between countries may
be more attributable to sex-specific differences in healthcare-
seeking behaviours, rather than differences in military occupa-
tions and experiences. Women are generally believed to engage
in healthcare-seeking behaviours more frequently than men.?
However, these differences may be attenuated among Veteran
populations, as routine contact with health services is common
in military populations. This is exemplified in the current study
by the high proportion of male and female Veterans who have
at least one primary care encounter within the first 5years of
follow-up after release from the CAF (83.9% and 86.3%,
respectively).

Strengths and limitations

This is the first study to explore sex-specific differences in
the prevalence of select physical health conditions and health
services use among Canadian Veterans at the population level.
Ontario’s size, military presence (eight CAF bases, the Royal
Military College, and the RCMP and Department of National
Defence headquarters), and the availability of routinely

Table 3 Health services use and risk ratios (RRs) of health service encounters within the first 5years of follow-up, female versus male (reference

group) Veterans, by visit type

N events (%)

Visit type Male Female Crude RR (95% CI) P value aRR* (95% Cl) P value aRRt (95% Cl) P value
Primary care 22708 (83.9) 4059 (86.3) 1.21(1.11 10 1.23) <0.0001 1.34(1.22 t0 1.48) <0.0001 1.44 (1.31 10 1.58) <0.0001
Specialist 15696 (58.0) 3088 (65.7) 1.39(1.30 to 1.48) <0.0001 1.55 (1.45 to 1.66) <0.0001 1.64 (1.53 t0 1.75) <0.0001
ED visit 11081 (41.0) 1978 (42.1) 1.05(0.98 to 1.12) 0.15 0.98 (0.92 to 1.05) 0.55 1.01 (0.95 to 1.08) 0.71
Hospitalisation 2453 (9.1) 846 (18.0) 2.20 (2.02 to 2.40) <0.0001 2.25 (2.06 to 2.45) <0.0001 2.52 (2.30t0 2.75) <0.0001
Home care 751 (2.8) 165 (3.5) 1.27 (1.07 to 1.51) 0.0056 1.41 (1.19 10 1.68) 0.0001 1.48 (1.25 0 1.77) <0.0001
*Adjusted for age, region of residence, rurality, income quintile and length of service.
tAdjusted for age, region of residence, rurality, income quintile, length of service and select chronic comorbidities.
ED, emergency department; RR, Relative Risk.
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Table 4 Crude and adjusted rate ratios of health service encounters, female versus male (reference group) Veterans, by visit type

Median # visits (IQR) Crude RR aRR* aRRt
Visit type Male Female (95% Cl) P value (95% Cl) P value (95% Cl) P value
Primary care 8 (4-15) 12 (6-21) 1.43 (1.39 10 1.48) <0.0001 1.47 (1.42 10 1.52) <0.0001 1.51 (1.46 to 1.56) <0.0001
Specialist 4(2-9) 6(2-12) 1.45 (1.36 to 1.54) <0.0001 1.54 (1.45 to 1.64) <0.0001 1.56 (1.47 to 1.66) <0.0001
ED 2(1-3) 2 (1-4) 1.17(1.10t0 1.23 <0.0001 1.11 (1.05t0 1.18) 0.0002 1.11 (1.051t0 1.18) 0.0003
Hospitalisation 1(1-2) 1(1-2) 1.01 (0.95 to 1.07) 1.00 (0.92 to 1.08) 0.96 1.00 (0.92 to 1.09) 0.99
Home care visits 9 (5-26) 8 (4-21) 0.81 (0.43 to 1.50) 0.94 (0.49 to 1.80) 0.85 1.03 (0.54 to 1.96) 0.94

*Adjusted for age, region of residence, rurality, income quintile and length of service.

tAdjusted for age, region of residence, rurality, income quintile, length of service and select chronic comorbidities.

ED, emergency department; IQR, Interquartile range; RR, Rate Ratio.

collected administrative healthcare data make it an ideal loca-
tion to explore sex-specific differences in chronic disease risk
and health services use patterns of Veterans. Second, our study
population includes most of the Veterans residing in Ontario.
Veterans Affairs Canada (VAC) estimates that approximately
1050 Veterans release from the CAF and take up residence in
Ontario each year'® ; the number, age and sex distribution of
Veterans entering our cohort annually are similar. Our cohort
has slightly fewer Veterans under 25years of age and slightly
more Veterans 50years of age and older than expected. This
is likely explained by the inclusion of RCMP Veterans who
were released between 1 April 1990 and 31 March 2013 in our
cohort. Finally, this study adds much-needed international data
about the health and health services use of female Veterans. A
scoping review conducted in 2018 found 108 studies explored
some domain of sex, gender, gender norms or gender differences
in relation to Veteran health outcomes or health services use;
of these studies, only four were conducted outside of the USA
(UK=2, Australia=1, Canada=1).

There are some limitations to our study. We were
unable to separately study CAF and RCMP Veterans as the
MOHLTC includes both under a single Veteran status iden-
tifier. However, we estimate that approximately 85% of our
cohort are Veterans of the CAF, as fewer than 200 RCMP
Veterans take up residence in Ontario per year'* and after 31
March 2013, only CAF Veterans were included in the cohort.
Second, the administrative healthcare data used in the current
study do not capture healthcare-related visits covered under
private insurance or VAC supplemental health benefits. As
such, we may have underestimated the true rates of health
services use among Veterans residing in Ontario; however, we
do not anticipate that this potential underestimation would
differentially affect women versus men. Third, we did not
exclude healthcare visits associated with reproductive care
or sex-specific conditions. This may be driving some of the
sex-specific differences in health services use observed in this
study, and a more granular exploration of these details may
further inform healthcare policy and planning. Finally, infor-
mation about military-specific variables that may lay on the
causal pathway between military service and chronic condi-
tions or health services use, such as military occupation and
deployment history, was not available.

Policy implications and future research

The current study provides much-needed information about
the physical health and health services needs of female Veterans
residing in Ontario, which have not been studied inde-
pendently of male Veterans to date. This information could
be used to inform federal and defence programme planning

and resource allocation to ensure that female Veterans are well
supported during the transition from military to civilian life.
Future longitudinal research examining the stability of these
needs over time would further assist with the long-term plan-
ning and allocation of healthcare resources at the local and
federal levels.
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