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BACKGROUND: Potential protective effects of
nonpharmacological treatments (NPT) against long-term
pain-related adverse outcomes have not been examined.
OBJECTIVE: To compare active duty U.S. Army service
members with chronic pain who did/did not receive NPT
in theMilitary Health System (MHS) and describe the asso-
ciation between receiving NPT and adverse outcomes after
transitioning to the Veterans Health Administration (VHA).
DESIGN AND PARTICIPANTS: A longitudinal cohort
study of active duty Army service members whose MHS
healthcare records indicated presence of chronic pain
after an index deployment to Iraq or Afghanistan in the
years 2008–2014 (N = 142,539). Propensity score-
weighted multivariable Cox proportional hazard models
tested for differences in adverse outcomes between the
NPT group and No-NPT group.
EXPOSURES: NPT received in the MHS included
acupuncture/dry needling, biofeedback, chiropractic
care, massage, exercise therapy, cold laser therapy, oste-
opathic spinal manipulation, transcutaneous electrical
nerve stimulation and other electrical manipulation, ul-
trasonography, superficial heat treatment, traction, and
lumbar supports.
MAIN MEASURES: Primary outcomes were propensity
score-weighted proportional hazards for the following ad-
verse outcomes: (a) diagnoses of alcohol and/or drug dis-
orders; (b) poisoning with opioids, related narcotics, bar-
biturates, or sedatives; (c) suicide ideation; and (d) self-
inflicted injuries including suicide attempts. Outcomes
were determined based on ICD-9 and ICD-10 diagnoses
recorded in VHA healthcare records from the start of uti-
lization until fiscal year 2018.

KEY RESULTS: The propensity score-weighted propor-
tional hazards for the NPT group compared to the No-
NPT group were 0.92 (95% CI 0.90–0.94, P < 0.001) for
alcohol and/or drug use disorders; 0.65 (95% CI 0.51–
0.83, P < 0.001) for accidental poisoning with opioids,
related narcotics, barbiturates, or sedatives; 0.88 (95%
CI 0.84–0.91, P < 0.001) for suicide ideation; and 0.83
(95% CI 0.77–0.90, P < 0.001) for self-inflicted injuries
including suicide attempts.
CONCLUSIONS: NPT provided in the MHS to service
members with chronic pain may reduce risk of long-term
adverse outcomes.
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INTRODUCTION

Chronic pain is a costly public health issue that is associated
with many adverse outcomes including chronic opioid use and
suicide.1 Deployment to conflict zones places military service
members at risk for chronic pain, which often persists after
they leave military service and transition their healthcare from
the Military Health System (MHS) to the Veterans Health
Administration (VHA).2, 3 Twenty-nine percent to 44% of
active duty service members reported chronic pain after de-
ployment to conflict zones in Iraq or Afghanistan, and 48 to
60% of VHA primary care patients reported chronic pain.4–7

Chronic pain is a well-established risk factor for suicide ide-
ation and suicide attempts, as well as for opioid use disorder
and opioid-related overdose, especially in the presence of
already existing substance use disorder.8, 9

Chronic pain is often managed with prescription opioids
which, especially at higher doses and/or longer duration of
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use, have been associated with increased risk for substance use
disorders, opioid-related overdose, self-inflicted injuries, and
suicide attempts.10–16 In addition to opioids, chronic pain can
be managed with nonpharmacological treatments (NPT).17–19

These include treatments like exercise therapy and chiroprac-
tic manipulation, as well as less common treatments, like
yoga, massage, and acupuncture.20 Compelling evidence for
a moderate effect on clinical outcomes was found for exercise
and spinal manipulation in nonmilitary samples with chronic
low back pain, although the effect on pain intensity was small
to moderate and mostly short-term.21, 22 Recent research in
active duty service members showed that early NPT was
associated with a lower risk of military duty limitations, and
facilities where NPT was more common were less likely to
initiate long-term opioid treatment for their patients.23, 24

If NPT is used to manage chronic pain, in addition to or
instead of opioids, this may not only have an effect on pain and
functional status, but also on adverse outcomes that are asso-
ciated with chronic pain and opioid use, such as substance use
disorders, drug overdose, and self-inflicted injuries. The po-
tential long-term protective effect of NPT against adverse
outcomes has not been examined. The purpose of the current
analyses was to compare active duty U.S. Army service mem-
bers with chronic pain who did and did not receive NPT in the
MHS and describe the association between receiving NPT in
theMHS and adverse outcomes observed after transition to the
VHA, specifically alcohol and drug abuse or dependence,
accidental or intentional drug poisoning, suicide ideation,
and self-inflicted injuries. Studying these outcomes broadens
our knowledge of the potential impacts of NPT beyond their
effect on pain and provides valuable information to support
clinical decision-making regarding chronic pain management.
Studying outcomes after transition to VHA allows for long-
term observation and highlights the potential cross-system
impacts of NPT. We hypothesized that the use of NPT in the
MHS would be associated with a lower likelihood of adverse
outcomes in the VHA. These analyses are part of the Sub-
stance Use and Psychological Injury Combat Study (SUPIC),
the largest longitudinal, observational study to date of pain
management and behavioral health conditions using MHS
data from U.S. Army service members returning from deploy-
ments in support of Operations Enduring Freedom (OEF),
Iraqi Freedom (OIF), and New Dawn (OND).25

METHODS

The current study used a longitudinal cohort design where
active duty service members with chronic pain were identified
through their healthcare records in the military data repository
and other DoD sources compiled by SUPIC.25 MHS data up
to the end of 2015 were included. Quasi-experimental
methods were used to determine outcomes for identified
service members who enrolled in VHA and based on
clinical encounters registered in the VHA corporate data

warehouse. Healthcare records related to outpatient visits
and inpatient stays were used.

Cohort Description

Active duty Army service members with chronic pain after an
index OEF/OIF/OND deployment ending between October 1,
2007, and September 30, 2014, were included (N = 286,885).
The relative timing of deployment end date, chronic pain
diagnosis, NPT treatment, and VHA outcome measurement
is shown in Figure 1. Chronic pain was operationalized as a
recurrence at least 90 days apart within any of ten clusters of
International Classification of Diseases (ICD-9) diagnoses
known to be associated with pain (e.g., nontraumatic joint
disorders, musculoskeletal disorders). Similar diagnosis clus-
ters have been previously used to identify chronic pain in
health record data.26, 27 The specific codes used for this study
are described in detail elsewhere.26 In addition to diagnoses in
a service member’s health records, any 60-days supply of
opioids prescribed in a 3-month period or a 90-days supply
in 12 months was taken as an indication of chronic pain.28 We
determined days supply across non-injectable opioids pre-
scribed in the MHS including codeine, dihydrocodeine, fenta-
nyl, hydrocodone, hydromorphone, meperidine, methadone,
morphine, oxycodone, oxymorphone, and tapentadol.
We excluded servicemembers whowere discharged from the

military for reasons we classified as misconduct and service
members who died while receiving care in the MHS, as they
were unlikely to have substantial VHA records. To avoid cases
where events occurred in reverse order, we also excluded ser-
vice members who received VHA care before receiving NPT in
the military. After applying exclusion criteria, 275,820 Army
service members with chronic pain remained: 142,539 who
received care in VHA and 133,281 who did not (see Fig. 2).

Independent Variable: Receipt of NPT in the
MHS

For each service member, we determined if they received any
NPT (yes/no) in the MHS after their index deployment. NPT
were identified in the MHS data repository using ICD-9 diag-
nosis codes, Current Procedural Terminology (CPT) codes,
and Healthcare Common Procedure Coding System (HCPCS)
codes. NPT were defined as acupuncture/dry needling, bio-
feedback, chiropractic care, massage, exercise therapy, cold
laser therapy, osteopathic spinal manipulation, transcutaneous
electrical nerve stimulation (TENS) and other electrical ma-
nipulation, ultrasonography, superficial heat treatment, trac-
tion, other physical therapy, and lumbar supports. The specific
codes used are described in detail elsewhere.29

Dependent Variables: Adverse Outcomes in
the VHA

Main outcomes after service members enrolled in VHA were
determined based on ICD-9 and ICD-10 diagnosis codes
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recorded in VHA healthcare records until fiscal year 2018 (see
eTable 1 in the Supplement). Outcomes included diagnoses of
alcohol and/or drug disorders (yes/no), poisoning with opioids,
related narcotics, barbiturates, or sedatives (yes/no, separately
for accidental and intentional poisoning), suicide ideation (yes/
no), and self-inflicted injuries including suicide attempts (yes/
no). The outcome for alcohol and/or drug disorders combined
abuse and dependence and excluded tobacco use disorder.

Propensity Score Weighting

To account for differences between service members with
chronic pain who received NPT in the MHS and those who
did not, we used propensity score-weighted analyses.

Propensity scores represent the probability of group member-
ship, in our studymembership of the group who receivedNPT,
and were estimated using the following demographic, clinical,
and military service characteristics recorded between the end
of the index deployment and the last quarter of MHS utiliza-
tion or the end of 2015, whichever came first: age, gender,
race, marital status, rank/pay grade, fiscal year of index de-
ployment, total days being deployed, days of deployment as of
the index deployment, length of observation in the MHS,
presence of any diagnoses for the following disorders: adjust-
ment, depression, anxiety, or posttraumatic stress (PTSD),
traumatic brain injury (TBI), alcohol use disorder (AUD), or
substance use disorder (SUD), whether specialty services were
received for mental health or substance use, use of prescription

Figure 1 Timeline of important events in our study. Solid arrows indicate fixed study start and end points. The solid double-headed arrow
indicates the time period during which an end of index deployment qualifies an individual as member of our cohort. Fading bars indicate events
that vary between service members. NPT exposure and chronic pain were determined between the end of the index deployment and VHA

enrollment or the end of the MHS window, whichever came first.

Figure 2 Flowchart showing inclusion/exclusion of active duty U.S. Army service members from the SUPIC cohort. Note that chronic pain
categories are not mutually exclusive. Superscript letter “a”: qualified MHS utilization refers to any data that we used to determine diagnoses,

procedures, medication use, pain ratings, hospitalizations, etc.
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opioids (average dailymorphine equivalents and days supply),
sum of appointment days with low pain, sum of appointment
days with moderate pain, sum of appointment days with
severe pain, and number of inpatient days and hospital dis-
charges. Characteristics that increase with increasing MHS
observation time (e.g., days supply opioids, number of inpa-
tient days) were normalized by the length of a service mem-
ber’s observation in the MHS. Propensity scores were then
used to determine inverse probability of treatment weights
(IPTW), which were used in our final analyses to balance
group differences.30 To avoid undue influence from extreme
weights, we truncated the weights to 10, as 90% of our cohort
had a weight less than 10.31 To account for potential differ-
ences between soldiers who do and do not enroll in VHA, we
used a multinomial propensity score model to determine
IPTW for four groups: (1) NPT and enrolled in VHA; (2)
No-NPT and enrolled in VHA; (3) NPT and not enrolled in
VHA; and (4) No-NPT and not enrolled in VHA.

Analysis

Primary statistical analysis involved time-to-event analysis
comparing the two groups that enrolled in VHA (NPT vs.
No-NPT). Data were right censored. For each of the outcomes,
we report a propensity score-weighted log-rank test for differ-
ences in the Kaplan-Meier survival curves and propensity
score-weighted multivariable Cox proportional hazard
models. We assessed both weighted and unweighted Kaplan-
Meier survival curves (see Supplement) and found the weight-
ed curves to support the proportional hazards assumption. The
log-rank test combines results of χ2 tests of the probability of
an event of interest between two groups across time.32 Cox
proportional hazard models estimate the relative difference
(NPT vs. No-NPT) in rates at which events occur across time,
while accounting for covariates. Because the No-NPT group is
weighted to balance the NPT group, the estimated model
coefficient for the group variable represents the average
adjusted difference among those exposed to NPT. As the
NPT group and the No-NPT group were still significantly
different after applying IPTW in age, the length of obser-
vation in the MHS, presence of TBI, and the number of
inpatient days and the sums of appointment days with low,
moderate, and severe pain (see Table 1), we included
those variables as covariates in our final analyses, follow-
ing Ridgeway et al.33 As MHS alcohol and drug use
diagnoses were available, we limited analyses for that
particular outcome to only those service members who
had not been diagnosed with alcohol and/or drug abuse
or dependence while in the MHS, essentially focusing on
new-onset alcohol and drug use disorders in VHA (n =
86,773 with NPT, n = 18,789 No-NPT).
Descriptive statistics showed that 26,103 (9.5%) active duty

service members with chronic pain received NPT before they
were diagnosed with chronic pain. Running our primary anal-
yses without these service members did not substantially

change our results (data not shown), and these service mem-
bers were retained in our analytic cohort.
As a secondary analysis and to address potential alternative

interpretations of our results, we added additional covariates
from each service member’s VHA healthcare records to the
Cox proportional hazard models. Specifically, we added
length of observation in the VHA, exposure to NPT in the
VHA, and days supply of opioids in the VHA, based on the
same specifications that were used to determine these vari-
ables in the MHS.
All analyses were done in R version 3.5.3 and IPTW were

determined with the function ‘mnps’ from the R package
‘twang’.34 All propensity score-weighted analyses were done
with functions from the ‘Survey’ package and P < 0.05 was
considered statistically significant. Approval for this study
was granted by the Brandeis University Committee for Pro-
tection of Human Subjects, the Stanford University and VA
Palo Alto Health Care System Institutional Review Boards,
and the Human Research Protection Program at the Office of
the Assistant Secretary of Defense for Health Affairs/ Defense
Health Agency (OASD/DHA). The DHA Privacy and Civil
Liberties Office executed an annual Data Sharing Agreement.

RESULTS

Table 1 shows the demographic and military variables as well
as the clinical history based on MHS records of service mem-
bers in our cohort. The table also shows that propensity score
weighting was successful in balancing the NPT and the No-
NPT groups on most variables. The median age in the cohort
was 26 (range 18–67), and most service members were mar-
ried (63.2%) and ranked as enlisted (91.7%). The median total
duration of deployments was 446 days (range 30–3856) and
the median duration of observation in the MHS after the index
deployment was 1274 days (range 0–2912). Table 2 shows the
distribution of diagnoses associated with pain and exposure to
NPT for each cluster of diagnoses, and Table 3 shows the rate
of each NPT modality.
Alcohol and/or drug use disorders were the most frequent

adverse outcome (n = 28,614; 20.1%; median time to event
264 days), followed by suicide ideation (n = 7648; 5.4%;
median time to event 581 days) and self-inflicted injuries
including suicide attempts (n = 1621; 1.1%; median time to
event 621 days). Poisoning with opioids, related narcotics,
barbiturates, or sedatives was least frequent (intentional poi-
soning: n = 270, 0.2%, median time to event 786 days;
accidental poisoning: n = 147, 0.1%, median time to event
1045 days). Table 4 shows the results of the time-to-event
analyses for the models with and without additional VHA
covariates. The propensity score-weighted log-rank test
showed significant differences in the Kaplan-Meier survival
curves between the NPTand No-NPT groups for all outcomes,
except for intentional poisoning with opioids, related nar-
cotics, barbiturates, or sedatives. The Cox proportional hazard
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models showed that, while accounting for covariates, the
relative rate at which events occurred (NPT vs. No-NPT)
was significantly less than 1.0. The proportional hazard for
the NPT group was 0.92 for alcohol and/or drug use disorders,
0.65 and 0.82 for accidental and intentional poisoning with
opioids, related narcotics, barbiturates, or sedatives, 0.88 for
suicide ideation, and 0.83 for self-inflicted injuries including
suicide attempts, compared to the No-NPT group. The Cox
proportional hazard models additionally adjusted for VHA
covariates showed only marginally lower proportions,

compared to the models without VHA covariates. We also
did propensity score-weighted logistic regressions for these
adverse outcomes and found essentially the same results (see
eTable 2 in the Supplement).
We ran a chi-square analysis on the proportion of ser-

vice members who died after transition to the VHA before
any of our outcomes of interest occurred and found that
slightly more service members died in the No-NPT group
compared to the NPT group (0.5% vs. 0.4%, χ2 = 11.16,
P < 0.001).

Table 1 MHS Characteristics of U.S. Army Service Members with Chronic Pain and Exposure to Nonpharmacological Treatments in the MHS,
Before and After Propensity Score Weighting (N = 142,539)

Unweighted Weighted

NPT (n = 117,729) No-NPT (n = 24,810) P No-NPT (n = 24,810) P

Age, mean (SD), years 28.8 (7.7) 27.1 (7.4) < 0.001 28.7 (7.6) 0.05
Male sex, no. (%) 102,424 (87.0) 21,833 (88.0) < 0.001 21,585 (87.0) 0.89
Race/ethnicity, no. (%) 0.14 0.15
White, not Hispanic 65,811 (55.9) 13,968 (56.3) 14,018 (56.5)
Black, not Hispanic 24,370 (20.7) 5036 (20.3) 4863 (19.6)
Hispanic 12,715 (10.8) 2630 (10.6) 2729 (11.0)
Other 14,598 (12.4) 3126 (12.6) 3151 (12.7)

Marital status, no. (%) < 0.001 0.91
Married 75,935 (64.5) 14,167 (57.1) 15,953 (64.3)
Never married 33,788 (28.7) 9205 (37.1) 7170 (28.9)
Other 8006 (6.8) 1464 (5.9) 1712 (6.9)

Rank, no. (%) < 0.001 0.27
Enlisted 107,487 (91.3) 23,197 (93.5) 22,800 (91.9)
Warrant officer 2472 (2.1) 347 (1.4) 471 (1.9)
Officer 7888 (6.7) 1265 (5.1) 1563 (6.3)

Index cohort, no. (%) < 0.001 0.94
2008 20,132 (17.1) 4491 (18.1) 4317 (17.4)
2009 31,551 (26.8) 6252 (25.2) 6649 (26.8)
2010 28,961 (24.6) 6103 (24.6) 6153 (24.8)
2011 16,600 (14.1) 3325 (13.4) 3424 (13.8)
2012 11,773 (10.0) 2605 (10.5) 2506 (10.1)
2013 5886 (5.0) 1365 (5.5) 1216 (4.9)
2014 2943 (2.5) 670 (2.7) 595 (2.4)

Total days deployed, mean (SD) 550 (306) 518 (289) < 0.001 544 (297) 0.11
Deployed as of index, mean (SD), days 426 (222) 409 (205) < 0.001 422 (214) 0.14
Length of observation in MHS, mean (SD), days 1402 (708) 890 (725) < 0.001 1376 (703) 0.003
Mental disorders, no. (%)
Adjustment disorder 58,865 (50.0) 9229 (37.2) < 0.001 12,306 (49.6) 0.47
Depressive disorders 44,031 (37.4) 6128 (24.7) < 0.001 9180 (37.0) 0.60
Anxiety disorders 50,623 (43.0) 7120 (28.7) < 0.001 10,519 (42.4) 0.36
Posttraumatic stress disorder 36,025 (30.6) 4292 (17.3) < 0.001 7493 (30.2) 0.56
Traumatic brain injury 38,262 (32.5) 4739 (19.1) < 0.001 7468 (30.1) < 0.001
Alcohol use disorder 18,719 (15.9) 4044 (16.3) 0.15 3970 (16.0) 0.85
Substance use disorder 18,837 (16.0) 3374 (13.6) < 0.001 4094 (16.5) 0.40

Used mental health services, no. (%) 93,948 (79.8) 16,995 (68.5) < 0.001 16,699 (79.4) 0.45
Used SUD services, no. (%) 7770 (6.6) 1712 (6.9) 0.04 1712 (6.9) 0.32
Opioid use*, mean (SD)
Daily MME 615 (3311) 889 (6965) < 0.001 579 (2592) 0.39
Days supply 12.5 (46.3) 19.8 (110.6) < 0.001 12.1 (43.2) 0.62

Sum of appointment days with pain*,†, mean (SD)
Low pain 2.7 (2.9) 2.2 (3.2) < 0.001 2.5 (2.6) < 0.001
Moderate pain 1.4 (1.9) 1.0 (1.7) < 0.001 1.3 (1.6) < 0.001
Severe pain 0.4 (0.8) 0.3 (0.8) < 0.001 0.4 (0.7) < 0.001

Inpatient stays*, mean (SD)
Hospitalizations 0.0 (0.1) 0.0 (0.2) 0.70 0.0 (0.1) 0.20
Inpatient days 0.4 (1.7) 0.4 (1.6) 0.004 0.3 (1.2) < 0.001

The NPT and No-NPT columns describe the cohort before transition to VHA. Demographic and military service variables were determined as per the
end of the index deployment and clinical variables were based on MHS healthcare records after the index deployment. Propensity score weights were
determined for four groups: (1) NPT and enrolled in VHA; (2) No-NPTand enrolled in VHA; (3) NPTand not enrolled in VHA; and (4) No-NPTand not
enrolled in VHA. As primary analysis compared NPT versus No-NPT for those enrolled in VHA, only those columns are shown here. Counts do not
always add up to 100% due to rounding and missing values
NPT nonpharmacological treatment, MHS Military Heath System, SUD substance use disorder, MME mg morphine equivalents
*Normalized by the length of each service member’s observation window in the MHS
†Low pain: highest pain score 1–3; moderate pain: highest pain score 4–6; severe pain: highest pain score 7–10
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DISCUSSION

The purpose of this study was to compare active duty U.S.
Army service members with chronic pain who did and did not
receive NPT in the MHS and describe the association between
receiving NPT in the MHS and adverse outcomes observed in
the VHA. The results corroborated our hypothesis that use of
NPT in the MHS would be inversely associated with adverse
outcomes in the VHA. Active duty service members with
chronic pain who received NPT in the MHS were at signifi-
cantly lower risk in the VHA for new-onset alcohol and/or
drug use disorder, poisoning with opioids, related narcotics,
barbiturates, or sedatives, suicide ideation, and self-inflicted
injuries including suicide attempts. These results were ob-
served when we used propensity score-weighted Cox propor-
tional hazard models and were further supported by propensity
score-weighted logistic regression. Note that we did not study
individual NPT modalities. If some modalities did not protect
against adverse outcomes, our results may understate the effect
for NPT modalities that did protect against adverse outcomes.
It is well-known that ICD codes for suicide ideation, suicide
attempts, and other self-inflicted injuries are underreported in
electronic medical records.35–37 As such, the rates of these
adverse outcomes based on our data may be lower than the
actual rates. However, we have no reason to believe that the
amount of underreporting differed between those who did and
did not receive NPT. Consequently, we think it unlikely that
relying on ICD codes has affected our findings for suicide
ideation and self-inflicted injuries.
From other research into NPT, it might be inferred that

service members who use NPT may be healthier than those
who do not use NPT and as such might be expected to be at
lower risk for adverse outcomes.38 However, we did not
observe this pattern in our data. Service members who re-
ceived NPT in the military more often reported their highest
pain level as low, moderate, or severe, were more often hos-
pitalized and had longer inpatient stays, and were more likely

to be diagnosed with mental disorders (except alcohol use
disorder) than service members who had not received NPT.
A study by Han et al. also found higher pain intensity and a
higher likelihood of mental disorders in veterans who received
NPT in the VHA, compared to those who did not receive
NPT.17 The proportion of service members who received
NPT and who died before an adverse event occurred was
slightly lower than for those who had not received NPT. This
reinforces our confidence in the favorable effect of NPT, as
proportionally more who received NPT remained at risk.
We are not aware of other studies of chronic pain and NPT

that examined the transition from the MHS to the VHA. By
combining data from two healthcare systems, we could study
long-term outcomes and examine the cross-system impacts of
NPT. The use of propensity score weights and additional VHA
covariates in the analyses accounted for group differences and
increased our confidence that the observed protective associ-
ations with adverse outcomes in the VHA are indeed due to

Table 2 MHS Chronic Pain Categories and Exposure to Nonpharmacological Treatments in the MHS Among U.S. Army Service Members
Who Used VHA Services (N = 142,539)

NPT, number (%)

Chronic pain category* No (n = 24,810) Yes (n = 117,729) Total

Peripheral and central nervous system disorders 361 (1.5) 5065 (4.3) 5426 (3.8)
Osteoarthritis 426 (1.7) 5929 (5.0) 6355 (4.5)
Back and neck disorders 5376 (21.7) 62,862 (53.4) 68,238 (47.9)
Headaches and migraines 2512 (10.1) 18,680 (15.9) 21,192 (14.9)
Nontraumatic joint disorders 7022 (28.3) 66,127 (56.2) 73,149 (51.3)
Other musculoskeletal disorders 8000 (32.2) 54,131 (46.0) 62,131 (43.6)
Visceral and pelvic disorders 2492 (10.0) 9361 (8.0) 11,853 (8.3)
Wounds and injuries 1569 (6.3) 9834 (8.4) 11,403 (8.0)
Acute and post-operative diagnoses, trauma 71 (0.3) 1133 (1.0) 1204 (0.8)
Other diagnoses associated with pain 6 (0.0) 187 (0.2) 193 (0.1)
Chronic pain by ICD definition 4627 (18.6) 40,619 (34.5) 45,246 (31.7)
> 60 days opioids in any quarter 2348 (17.4) 14,336 (12.2) 16,684 (11.7)
> 90 days opioids in any year 2771 (11.2) 17,503 (14.9) 20,274 (14.2)

MHS Military Health System, NPT nonpharmacological treatment, ICD International Classification of Diseases
*Categories are not mutually exclusive and based on each service member’s observation window in the MHS after their index deployment

Table 3 Rate of Nonpharmacological Treatments in the MHS
Among U.S. Army Service Members with Chronic Pain Who Used

VHA Services (N = 117,729)

NPT modality*

Exercise therapy 108,597 (92.2%)
Other physical therapy 38,160 (32.4%)
Chiropractic care 27,678 (23.5%)
TENS and other electrical modulation 23,943 (20.3%)
Massage 20,729 (17.6%)
Spinal manipulation 14,113 (12.0%)
Acupuncture or dry needling 11,992 (10.2%)
Biofeedback 9202 (7.8%)
Superficial heat treatment 8537 (7.3%)
Ultrasonography 5411 (4.6%)
Lumbar supports 4311 (3.7%)
Traction 2551 (2.2%)
Cold laser therapy 691 (0.6%)

MHS Military Health System, NPT nonpharmacological treatment,
TENS transcutaneous electrical nerve stimulation
*Modalities are not mutually exclusive and based on each service
member’s observation window in the MHS after their index deployment
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NPT received in the MHS. While our analysis methods were
rigorous, there are several unobserved factors that we could
not control for and should be considered limitations of the
study. The vast majority of NPTwas administered after service
members were diagnosed with chronic pain; however, we do
not know whether NPT was specifically provided to treat
chronic pain. It could also be that some service members in
our cohort used other pain treatments of a psychobehavioral
nature (e.g., cognitive behavioral therapy for chronic pain) or
of a pharmacological nature (e.g., NSAIDs, acetaminophen,
gabapentinoids, serotonin-norepinephrine reuptake inhibi-
tors), or any self-administered treatment not captured in the
medical record. If these other pain treatments decreased pain
levels or the number of days with pain, it would be reasonable
to conclude that at least some of the observed effects were
caused by these other pain treatments. Yet, the NPT group
reported more days with pain, regardless of pain level, weak-
ening the argument that other pain treatments may have been
responsible for the observed effects. Also, service members
with more combat exposure during their deployments are at
higher risk for suicidal behavior.39, 40 While our analyses
accounted for covariates of combat exposure (e.g., TBI and
PTSD), we did not control for combat exposure itself. It is
possible that combat exposure was not balanced between the
NPTandNo-NPT group, thus potentially affecting the observed
associations between NPT and suicide ideation, and self-
inflicted injuries in our study. As the prevalence of individual
NPTmodalities in theMHS varied widely, it is possible that our
results were driven by some NPT modalities more than others,
or the dose in which they were received, and that the protective
association of NPT may be more apparent for some chronic
pain conditions than for others. We were unable to control for
the severity of any of the mental health conditions that we
included as covariates, nor did we control for physical health
conditions associated with adverse outcomes (see, for example,
Ahmedani et al.),41 although these aspects may have been
reflected in the number of hospitalizations and number of
inpatient days. Overall, we do not expect that an imbalance of
physical health conditions is likely to have affected our results,

as our cohort was relatively young (median age 26) and healthy
(they had been deployed to Iraq or Afghanistan).
Our results suggest that NPT provided to active duty service

members with chronic pain may reduce their odds of long-
term adverse outcomes. Given known associations of these
adverse outcomes with morbidity and mortality, providing
NPT to service members with chronic pain could potentially
save lives. Our results provide further support for the role of
NPT as a risk mitigation strategy when long-term opioid
therapy is initiated, which is only briefly mentioned in the
VA/DoD Clinical Practice Guideline for Opioid Therapy for
Chronic Pain.16 Given that our findings may have been driven
by some NPT modalities more than others, the dose in which
these modalities were received, or unmeasured confounding,
more research is needed to clarify these effects. As con-
founders may change during NPT (e.g., daily dose of opioids),
it may be important to include time-varying covariates in
follow-up research.
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Table 4 Cox Proportional Hazard Ratios (NPT Exposed in MHS/Not Exposed; 95% CI) and the Kaplan-Meier Log-Rank Test Results for
Adverse Outcomes in the VHA (N = 142,539)

Log-rank test Hazard ratios adjusted for VHA covariates*

χ2, P† No P Yes P

New-onset alcohol and/or drug use disorders‡ 0.92 (0.90–0.94) < 0.001 0.90 (0.88–0.91) < 0.001
Accidental poisoning with opioids, related narcotics,
barbiturates, or sedatives

6.52, P = 0.01 0.65 (0.51–0.83) 0.001 0.61 (0.48–0.79) < 0.001

Intentional poisoning with opioids, related narcotics,
barbiturates, or sedatives

2.72, P = 0.10 0.82 (0.67–0.99) 0.04 0.79 (0.65–0.96) 0.02

Suicide ideation 30.32, P < 0.001 0.88 (0.84–0.91) < 0.001 0.83 (0.80–0.86) < 0.001
Self-inflicted injuries, including suicide attempts 13.34, P < 0.001 0.83 (0.77–0.90) < 0.001 0.80 (0.74–0.87) < 0.001

All data based on propensity score-weighted data (Kaplan-Meier survival curves and Cox proportional hazards models)
NPT nonpharmacological treatment, MHS Military Health System, VHA Veterans Health Administration
*VHA covariates include length of a service member’s observation in the VHA, exposure to NPT in the VHA, and days supply of opioids in the VHA
†The Kaplan-Meier log-rank test combines results of χ2 tests of the probability of an event between two groups across time
‡Based on those not diagnosed with alcohol and/or drug abuse or dependence while in the MHS (n = 105,562)
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