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Abstract

Purpose Like most Western armies, obesity affects Canadian Armed Forces (CAF) personnel. Bariatric surgery is an effective
treatment for obesity. However, this is not yet accepted for active-duty soldiers in most countries. The CAF have approved
bariatric surgery since 2005. Our aim is to assess weight loss, resolution of obesity-related comorbidities, and impacts of
bariatric surgery on military careers.

Materials and Methods We retrospectively reviewed the perioperative data, long-term bariatric results, and military outcomes
of 108 CAF active-duty military personnel who underwent bariatric surgery in Canada over a 61-month period.

Results The cohort was predominantly male (66.7%) with a mean preoperative body mass index (BMI) of 43.6 +5.8 kg/
m?. Roux-Y gastric bypass was performed in 59 patients, sleeve gastrectomy in 29, and gastric banding in 20. All the sur-
geries were performed laparoscopically. The total body weight loss at the last follow-up visit was 22.5 +11.0%. Remission
or improvement of hypertension was observed in 91.2%, diabetes in 85.7%, gastroesophageal reflux disorder (GERD) in
43.6%, sleep apnea in 43.1%, and dyslipidemia in 42.9%. One patient (0.9%) was medically released due to postoperative
complications. Fifteen patients (13.9%) were deployed postoperatively. The combined deployable and possibly deployable
statuses increased from 35.4% preoperatively to 47.9% postoperatively.

Conclusion This is the largest series of bariatric surgeries performed in active-duty military personnel. Bariatric surgery is
effective and safe and improves deployability without impairing military careers. These results are relevant to the military
of many industrialized countries. Bariatric surgery should be considered for all active-duty military personnel who meet
surgical criteria for the treatment of obesity.
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Introduction

Obesity has become a global epidemic. Over 650 million

Ke};’ Points _ borised £ eduty soldi people meet or exceed the body mass index (BMI) thresh-
e Bariatric surgery is not authorized for most active-duty soldiers 2 , .

worldwide. old of 30 kg/m~ [1]. In 2017, 35.8% of Canada’s population
o Bariatric surgery is safe and effective in the military population. was reported to be overweight and 26.5% were obese [2].
o Bariatric surgery does not impair military careers and improves As a strain on the Canadian economy, obesity is estimated
deployability. to cost 1.27 to 11.08 billion dollars a year, with diabetes

o Bariatric surgery should be considered for all active-duty
military personnel.
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and hypertension costing 10,023 and 2341 dollars a year,
respectively [3-5].

This obesity epidemic has reached the military population
as well and is not limited to the civilian population. Most
Western militaries report an obesity rate ranging from 10 to
20%, and annual obesity-related costs are reaching billions
of dollars [6—12]. The Canadian Armed Forces (CAF) per-
sonnel are no exception and show a trend similar to that of
the Canadian civilian population. As much as 49.0% of regu-
lar force personnel are classified as overweight and 25.0%
as obese [13].

Bariatric surgery is recognized as the most effective and
durable treatment for severe obesity and its comorbidities
in the civilian population [14]. In the military population,
bariatric surgery has been poorly studied. A literature search
performed by the investigators has identified a single study
published on active-duty soldiers who underwent bariatric
procedures [15, 16]. Although bariatric surgery appears to
be an effective treatment option for active-duty soldiers and
would logically not compromise their future ability to deploy
or meet the universality of service requirements, there is
insufficient data to reach a firm conclusion. This lack of data
is partially explained by the fact that many occidental armed
forces do not allow bariatric procedures for their active-duty
personnel [17]. Indeed, bariatric procedures are often con-
sidered conditions for potential release [18]. However, the
CAF approved bariatric surgery for its active personnel more
than a decade ago [19, 20].

Herein, we report the outcomes of a CAF cohort of
active-duty military personnel who underwent bariatric sur-
gery. Our hypothesis is that bariatric surgery is at least as
effective in military population as in the literature on civilian
populations and that it favorably impacts military careers.
Our primary objective was to assess weight loss and the
resolution of obesity-related comorbidities such as sleep
apnea, hypertension, GERD, dyslipidemia, and diabetes.
Secondly, we evaluated the impact of surgery on military
careers through deployability and personnel retention.

Materials and Methods

This study was approved by the Canadian Surgeon General
Health Research Program and the Quebec Heart and Lung
Institute Research Ethics Committee protocol number
2021-3587,22024. We retrospectively reviewed all files of
CAF active-duty military personnel who underwent bari-
atric surgery between January 2014 and February 2019.
All patients met the indications for bariatric surgery [14,
21]. Clinical and perioperative data were obtained from
the electronic medical records and the Canadian Force
Health Information System (CFHIS). The CAF Blue Cross

Registry was consulted for financial and surgical data. To
evaluate obesity-related comorbidities, the American Soci-
ety for Metabolic and Bariatric Surgery outcome reporting
standards were used. We employed subjective assessment
for sleep apnea and GERD. It was also used to record com-
plications [22].

We also reviewed military data such as rank, postop-
erative deployment, and medical categories using the
CFHIS. Canadian medical categories are a numeric pro-
file composed of six factors assigned to each individual
CAF member. It summarizes key information about a
member’s employability, deployability, and medical fit-
ness [23]. We recorded the preoperative and postoperative
geographic (G) and occupational (O) factors. These are
the only factors that may be affected by bariatric surgery.
The geographic factor is defined as being in relation to
the environment that a member can or cannot tolerate.
This definition has evolved based on the required prox-
imity to medical care. This includes the requirement for
scheduled medical care as well as an assessment of the
risk of recurrence or exacerbation of the medical condition
and the level of medical care that would be required. The
occupational factor is defined as the physical and mental
activity and the stress associated with employment within
a specific military occupational structure identification
code (MOSID); although often difficult to describe and
measure in an objective and reproducible manner, it is an
important aspect in the grading of the occupational factor.
The demands on the member may vary with the MOSID as
well as with the geographical location. To assess deploy-
ability for members who did not deploy postoperatively,
we created four deployability statuses based on a com-
bination of G and O factors [(1) deployable (< G3/02),
(2) Possibly deployable (< G4/03), (3) non-deployable
(=G5/>04), and (4) non-assessable (e.g., on other med-
ical restrictions)]. We used the Medical Risk Matrix to
define the first three categories [24]. The non-assessable
category included patients on temporary categories, which
is defined as a non-permanent G and O factor, which are
reassessed usually every 3—9 months.

Continuous variables were reported as mean + standard
deviation. Normal distribution was assessed with the Sha-
piro—Wilk statistical test using a significance threshold of
p <0.05 for non-normality. We performed Student’s #-tests
to compare normally distributed variables between groups.
Non-normally distributed variables were analyzed using the
non-parametric Wilcoxon test. Preoperative and postopera-
tive measurements were compared in a paired fashion using
paired -tests. Categorical data were reported as frequen-
cies and comparisons were performed using Fisher’s exact
test. All statistical analyses were performed using the JMP
statistical software (SAS Institute Inc., Cary, NC, USA).
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Results

The study group comprised 108 patients. The cohort was
predominantly male (66.7%). The mean age of the patients
was 42 years, and the mean preoperative BMI was 43.6 kg/
m?. A minority of patients were officers (N=9, 8.3%). Char-
acteristics are presented in Table 1.

The operative data are summarized in Table 2. Three
types of surgeries were performed. Roux-Y gastric bypass
(RYGB) was the most frequent operation (n=59), followed
by sleeve gastrectomy (SG) (n=29) and adjustable gastric
band (AGB) (n=20). The last AGB was conducted in 2016.
All the surgeries were performed laparoscopically. Sur-
geries were performed by seven (7) surgeons from seven
(7) clinics (five private and two public) in three provinces
of Canada (Ontario, Québec, and British Columbia). The
patients underwent surgery mainly in private clinics (106)
and the average cost was 18,062$CAD. Revision surgery
was performed in five patients. Three patients had their
AGB removed and transformed into RYBG (2) or SG (1).
Two SG were converted to a RYGB. No revision surgery
was performed for weight gain. There was no mortality.
Seven (6.5%) patients had early major complications within
30 days of surgery, and all underwent RYBG. Two patients
required laparoscopic drainage for anastomotic leaks. We
found that nine patients (8.7%) had late major complica-
tions, most of which were related to AGB. Minor early and
late complications occurred in 11 (10.2%) and 22 (20.4%)
patients, respectively.

Postoperative characteristics are listed in Table 3.
Data was available for 106 patients. Follow-up ranged

Table 1 Preoperative demographics (n=108)

Gender
e Male 72
o Female 36
Age (years) 422+4.8
Preoperative weight (kg) 131.2+23.7
Preoperative body mass index (kg/m?) 43.6+5.8
Smoking 26 (24.1%)
Abdominal surgery history 39 (36.4%)
Officers 9
Comorbidities
e Musculoskeletal disorders 94 (87.0%)
o Sleep apnea 68 (63.0%)
e Hypertension 47 (43.9%)
¢ GERD 39 (36.1%)
e Dyslipidemia 35 (32.4%)
e Diabetes 31 (28.7%)

Data presented as mean + standard deviation or number of patients
(percentage of sample)
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Table 2 Operative characteristics (n=108)

Surgical procedures

e Roux-Y gastric bypass 59 (54.6%)
o Sleeve gastrectomy 29 (26.9%)
o Adjustable gastric band 20 (18.5%)
Laparoscopic approach 108 (100%)
Conversion 0
Revision procedure 5
Complications
Mortality 0
Early major complications (<30 days) 7 (6.5%)
o Upper GI bleeding 3
o Anastomotic leaks 2
® Deep vein thrombosis/pulmonary embolism 2
Early minor complications (<30 days) 11 (10.2%)
o Superficial site infection 7
o Nausea 3
Late major complications (> 30 days) (n=103) 9 (8.7%)
e Gastric band complications 4
® Perforated anastomotic ulcer 1
o Gastro-gastric fistula 1
o Incisional hernia 1
e Undiagnosed eating disorder 1
o Intractable vomiting requiring surgical conversion 1
Late minor complications (>30 days) (n=104) 22 (20.4%)

Data presented as number of patients (percentage of sample)

from 4 to 60 months, with a mean last follow-up of
31.3+18.5 months. All bariatric procedures significantly
reduced body weight (101.3 +22.5 kg, p <0.0001) and
BMI (33.7 + 6.3 kg/m?, p <0.0001). Hypertension remis-
sion or improvement was observed in 91.2%, diabetes in
85.7%, sleep apnea in 43.1%, and dyslipidemia in 42.9% of
cases. In 43.6% of patients, GERD subjectively resolved or
improved, while 6 (8.7%) developed GERD. Among them
were three RYGB, one SG, and two AGB, of which one
was converted to RYGB. Medication use was significantly
reduced for all comorbidities.

Data specific to military personnel are summarized in
Table 4. For medical categories, the geographic factors were
improved or unchanged in 33.3% and 48.0% of the patients,
respectively. Occupational factors improved or remained
unchanged in 24.5% and 57.8% of the patients, respectively.
Fifty-one patients (47.2%) were released from service on
medical grounds. Of these, 16 patients were released before
their surgery. The main causes for medical releases were
post-traumatic stress disorder (PTSD), musculoskeletal
disorders, and mental health issues. Only one patient was
directly released because of postoperative complications,
which was an anastomotic leak complicated by a gastro-
gastric fistula.
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Table 3 Postoperative outcomes Weight loss (1= 106)
o Last follow-up (month) 31.3+18.5
o Weight at last follow-up (kg) 101.3+22.5
o Weight loss at last follow-up (kg) 29.6+15.8
e Body mass index (kg/m?) 33.7+6.3
e Total body weight loss (TBWL) (%) 22.5+11.0
e Excess weight loss (EWL) (%)* 49.3+25.0
Co-morbidities
e Sleep apnea (n=065)
o Improvement 28 (43.1%)
o Unchanged 37 (56.1%)
e Hypertension (n=41)
o Complete remission 4(9.8%)
o Partial remission 15 (36.5%)
o Improvement 18 (43.9%)
o Unchanged 4 (9.8%)
e GERD (n=39)
o Complete resolution 16 (41.0%)
o Improvement 1(2.6%)
o Unchanged 22 (56.4%)
o New onset (n=69) 6 (8.7%)
e Dyslipidemia (n=21)
> Remission 3(14.3%)
o Improvement 6 (28.6%)
o Unchanged 12 (57.1%)
e Diabetes (n=28)
o Complete remission 15 (53.6%)
o Partial remission 3 (10.7%)
o Improved 6 (21.4%)
o Unchanged 3 (10.7%)
o Recurrence 1(3.6%)
Medication use Preoperative Postoperative
e Hypertension (n=47) 1.4+0.8 0.5+0.8 (p<0.0001)
e GERD (n=39) 09+0.4 0.6+0.5 (p<0.0001)
¢ Dyslipidemia (n=35) 0.8+04 0.3+0.5 (p<0.0001)
e Diabetes (n=31) 1.4+1.0 0.4+0.8 (p<0.0001)

Data presented as mean =+ standard deviation or number of patients (percentage of sample)

*With BMI 23 kg/m? as reference

Fifteen patients (13.9%) were deployed postoperatively.
Deployed personnel had a significantly greater weight loss
at their last follow-up (37.5+15.6 kg, p<0.05) and a ten-
dency for higher TBWL (27.3 +9.1%, p=0.06) than those
who were not deployed (28.1 +15.6 kg and 21.5+11.1%).
Based on medical categories (G/O factors), the combined
deployable and possibly deployable status increased from
35.4% before surgery to 47.9% postoperatively. The non-
assessable status decreased from 42.1 to 6.9%. Compared to
deployable and possibly deployable, undeployable patients
did not differ in major complications, both early and late (1
vs. 3, NS; 7 vs. 1, p=0.0615), as well as in minor complica-
tions, both early and late (4 vs. 5, NS; 12 vs. 6, NS).

Discussion

To the best of our knowledge, this is the largest series of
bariatric surgeries performed on active-duty military per-
sonnel, and the second one reported to date. Brounts et al.
reported in 2009 on a series of 27 active military patients
who underwent open RYGB [16]. The mean age was 34.2
with a mean perioperative BMI of 40.6 kg/m?. This went
down to 25.6 kg/m? postoperatively. A total of 24 patients
maintained or achieved a deployable status after surgery.
Only one patient could not remain in active duty because of
chronic complications related to bariatric surgery. From a
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Table 4 Military outcomes

Medical categories (n=102)

Geographic (G) factor modification

e Improved 34 (33.3%)
e Unchanged 49 (48.0%)
e Deteriorated 19 (18.6%)
Occupational (O) factor modification
e Improved 25 (24.5%)
e Unchanged 59 (57.8%)
e Deteriorated 18 (17.6%)
Military release 53 (49.1%)
e Retirement/voluntary 2
o Medical 51
o Post-traumatic stress disorder 18
o Musculoskeletal disorder 17
o Mental health issues 9
o Cardiovascular disease 3
o Bariatric postoperative complications 1
o Complicated diabetes 1
° Vertigo 1
o Unavailable 1
o Released before surgery 16
Deployability
o Postoperative deployment (n=108) 15 (13.9%)
Deployability by medical categories
e Preoperative (n=107)
o Deployable 30 (28.0%)
° Possibly deployable 8 (7.4%)
o Not deployable 24 (22.4%)
o Not assessable 45 (42.1%)
e Postoperative (n=102)
o Deployable 36 (35.2%)
° Possibly deployable 13 (12.7%)
o Not deployable 46 (45.1%)
o Not assessable 7(6.9%)

Data presented as mean +standard derivation or number of patients
(percentage of ample)

surgical technique standpoint, our series is more contempo-
rary with RYGB and SG being the predominant techniques
used, and all surgeries being performed laparoscopically, as
reported in the surgical literature [25].

Our military population is quite different from that of civil-
ian Canadian bariatric patients (apart from age and smoking
habits) [26]. One major difference was the low prevalence
(33.3%) of female patients in our cohort. However, consider-
ing that the female military represents only 16% of all CAF
personnel [27], the proportion of women is still high, much
like that in the civilian population. In addition, comorbidities
are more frequent and in different proportions compared to
civilian patients, with an increased rate of musculoskeletal
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disorders (87%). Although these injuries may be service-
related, they are often underreported and combined with
off-duty traumas; thus, the relationship between military
employment and obesity remains unclear. Officers were
underrepresented in this series from a military perspective.
They composed only 8.3% of the sample, whereas officers
represented 24.8% of the CAF [3]. The exact explanation for
this difference is unclear, but could be related to different soci-
oeconomic patterns, as reported in the bariatric literature [28].

When compared to the bariatric literature, surgeries in
military personnel appear to produce comparable results
[29]. As expected, a significant reduction in body weight
and BMI was observed. Comorbidities were also diminished
in a similar fashion, especially for diabetes and hypertension.
Aside from the obvious medical advantages, military organi-
zations also benefit financially. By removing 18 diabetic and
19 hypertensive patients from their medication, the CAF
saves are estimated to be 248,303$CAD annually, theoreti-
cally recovering the surgery costs in less than 3 years [4, 5].

Moreover, our data suggest that it is safe to perform bari-
atric surgery on active-duty military personnel, with no mor-
tality and complication rates within what is reported in the
literature, both in type and frequency. A more direct com-
parison of civilian and military data is required and intended
by the investigators. Interestingly, all early major and late
complications occurred in RYGB patients. As military per-
sonnel can be deployed in remote areas with scarce health
resources, the risk of complications such as internal hernia,
ulcers, or small bowel obstruction should be considered.

In addition to the direct healthcare benefits, our data also
present an advantage from a military standpoint. Medical
categories were either improved or unchanged for most
patients following surgery. The proportion of deployable and
possibly deployable statuses increased by 12.5% following
surgery. Although the nondeployable status increased by
22.7%, the nonassessable status showed the largest change
with a 35.2% reduction. These results may indicate that sur-
gical treatment of obesity and correction of its comorbidi-
ties may help military clinicians better evaluate medical cat-
egories, resulting in a net increase in potentially deployable
personnel. More importantly, fifteen (13.9%) patients were
deployed without adverse events associated with their sur-
gery. Only one nondeployed patient was released for medical
reasons related to a surgical complication. This is a major
finding that may encourage military leadership to allow bari-
atric surgery for active-duty personnel.

This study also had some limitations. The retrospective
design implies bias and limitations. Follow-up data were
obtained through military clinics instead of bariatric clinics
and were more focused on bariatric data. Although CAF
has a national electronic medical record system, the data
available from medical files vary greatly. Follow-up was
affected by this and by the high number of patients who
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were released from military work and were lost to follow-up.
As a result, patients were no longer available for follow-up
through military medical charts, and we were no longer able
to identify them. Medical records also did not register mem-
bers’ specific military employments. With military profes-
sionalization, new and more sedentary professions are now
part of modern armies. This variation in different physical
demands could not be assessed here. We also have three dif-
ferent surgeries with outcomes known to be different, but we
lacked the power to compare them. Regarding the high num-
ber of medical releases during the study period, most were
related to PTSD and mental health issues and not to bariatric
surgery. This demonstrates the reality of the challenges faced
by military personnel and health services. Sixteen patients
were released before surgery, but still underwent the pro-
cedure while in the military. This is secondary to the CAF
policy on personnel retention [30]. In certain trades where
there is a shortage of personnel, medically released members
may remain in uniform for an additional 3 years. Twenty-
two (43.1%) releases were related to either musculoskeletal
disorders, cardiovascular diseases, or diabetes. Although we
were unable to determine if an earlier surgery would have
prevented these releases, this may be a plausible hypoth-
esis. Another limitation is the deployability status inferred
by medical categories (G and O factors). Although a member
may be healthy enough to deploy, many other factors, either
geopolitical, unit-, or work-related, may prevent deployment.
Therefore, we used medical categories as proxies to miti-
gate these external factors. The deployability status based
on medical categories was developed by the authors to cor-
relate with the CAF Medical Risk Matrix [20]. This tool is
designed to predict the likelihood of future reoccurrence of
a medical condition and its operational consequences in the
theater, and itself has its limitations.

An additional limitation was the impossibility to access
members’ FORCE Evaluation results, the CAF annual fit-
ness test [31]. These data are not charted in medical records
and many members were medically exempted preoperatively.
To assess physical fitness, we used medical categories as a
surrogate, and it may not be as precise or quantifiable as
the annual fitness test. Further studies should include more
objective physical fitness data.

Furthermore, the surgeries were mainly performed in pri-
vate clinics until 2018. They were also performed in only three
of the 10 Canadian provinces. This may have impacted the
uniformity of surgical care and bariatric follow-up. Although
civilian Canadian health services are provincial public sys-
tems, private care may have granted military personnel better
access to bariatric surgery. Indeed, a small number of civilian-
eligible patients have access to bariatric surgery in Canada
through its public system, and there are great discrepancies
among provinces [32]. The CAF has recently decided to no
longer authorize surgery in the private sector [19].

Conclusion

To the best of our knowledge, this is the largest series of
bariatric surgeries performed in active-duty military person-
nel to date. For members of the Canadian Armed Forces,
bariatric surgery is both effective and safe. In addition, the
data show that it is not detrimental to military careers and
may improve deployability. If offered earlier, this could help
prevent irreversible medical conditions and avoid members
from being medically released. The retention of trained per-
sonnel and experience is critical to armed forces. We suggest
that these results may be relevant to the military of many
industrialized countries. Bariatric surgery should be consid-
ered for all active military personnel who meet the standard
surgical indications for the management of obesity.
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