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Abstract

Aim—aPrescription opioid analgesic use (OAU) is associated with increased risk of cardiovascular
disease (CVD). OAU is more common in patients with than without posttraumatic stress disorder
(PTSD), and PTSD is associated with higher CVD risk. We determined whether PTSD and OAU
have an additive or interactive association with incident CVD.

Methods and Results—\Veterans Health Affairs patient medical record data from 2008 to 2015
was used to identify 2,861 patients 3070 years of age, free of cancer, CVD and OAU for 12
months before index date. We defined a 4-level exposure variable: 1) no PTSD/no OAU, 2) OAU
alone, 3) PTSD alone and 4) PTSD+OAU. Cox proportional hazard models estimated the
association between the exposure variable and incident CVD. The mean age was 49.0 (x11.0),
85.7% were male and 58.3% were white, 34.4% had no PTSD/no OAU, 32.9% had PTSD alone,
10.6% had OAU alone, and 22.1% had PTSD+OAU. Compared to patients with no PTSD/no
OAU, those with PTSD alone were not at increased risk of incident CVD (HR=0.82; 95%C1:0.63—
1.17); however, OAU alone and PTSD+OAU were both significantly associated with incident
CVD (HR=1.99; 95%Cl:1.36-2.92 and HR=2.20; 95%CIl: 1.61-3.02). There was no significant
additive or interactive PTSD and OAU association with incident CVD.

Conclusion—OAU is associated with nearly a two-fold increased risk of CVD in patients with
and without PTSD. Despite no additive or interactive effects, the high prevalence of OAU in PTSD
may represent a novel contributor to the elevated CVVD burden among patients with PTSD.

One sentence take home summary
Although prescription opioid use and PTSD do not have a statistically significant additive or
interactive association with incident cardiovascular disease (CVD), the near two fold increased
risk of CVD associated with prescription opioid use, and the much higher prevalence of opioid use
in patients with PTSD, point to the possibility that opioids contribute to the CVD burden in this
patient population.

Keywords
PTSD; opioids; cardiovascular disease; epidemiology; medical records; cohort

INTRODUCTION

A growing body of epidemiological evidence indicates prescription opioid analgesic use
(OAU) among patients with non-cancer chronic pain is an independent risk factor for
incident cardiovascular disease (CVD). Analysis of the UK General Practice Database
indicated that compared to no use of opioids, current opioid use, (but not past use) was
significantly associated with incident myocardial infarction (MI) and the risk of Ml
increased with longer duration of opioid prescriptions.(1) After robust control for
confounding, a study using Medicare claims data found that prescription opioid use was
associated with a 71% increased risk of CVD events as compared to NSAIDs over a 12
month observation period.(2) Compared to NSAIDs, opioid use was associated with
increased risk of MI (HR=2.3; 95%CI:1.3-3.8), heart failure (HR=1.6; 95%Cl:1.1-2.4);
coronary revascularization (HR=5.3; 95%CI:2.4-11.9) and cardiac death (1.9; 95%Cl:1.15—
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3.2) but was not associated with incident stroke (HR=0.9; 95%CI:0.6-1.5).(2) A dose-
response effect was observed in that the number needed to harm (i.e., number of patients
prescribed opioids to produce one cardiovascular event) after 30 days of OAU vs. NSAIDS
was 214, but after 365 days the number was 7.4.(2) Carman et. al.(3) obtained similar results
from an analysis of medical claims which revealed that after age and gender matching,
higher morphine equivalent dose (MED) was associated with increased risk of CVD.

Patients with PTSD may be particularly vulnerable to OAU-related CVD. PTSD has been
associated with increased risk for CVD,(4, 5) and patients with vs. without PTSD are more
likely to receive a prescription for opioid analgesics, to be prescribed higher doses and for
longer intervals, and not surprisingly are more likely to exhibit opioid misuse.(6) Among
new Veterans Health Affairs (VHA) patients followed for a year, 17.8% of those with PTSD
vs. 6.5% without psychiatric diagnoses received an opioid for pain.(6)

Since 2010, the VHA has been successful in reducing the prevalence of opioid prescribing,
(7) however, available evidence indicates PTSD remains a risk factor for receiving
prescription opioids.(8) In summary, studies to date have determined the separate effects of
OAU and of PTSD on CVD as described above. Both as a logical next step and to advance
understanding, the aim of the present study was to determine whether PTSD and OAU have
additive or interactive effects in the relationship with incident CVD. Even if no additive or
interactive effect exists, the high prevalence of OAU among patients with PTSD warrants
determining if OAU contributes to the elevated burden of CVD in those with PTSD. After
controlling for confounding, we used a large cohort of patients with PTSD to determine if
the risk of CVVD was greater in patients with both PTSD and OAU compared to patients with
PTSD alone, opioid use alone and those without either exposure.

METHODS

Subjects

Electronic medical record data were obtained from 11,856 VHA patients between 18-70
years of age. Of these, 5,940 did not have PTSD and 5,916 had PTSD. Patients with PTSD
were sampled from five VHA clinics distributed across the United States if they had > 2
visits to the medical center’s PTSD specialty health clinic. Controls were randomly sampled
from the same medical centers and were free of PTSD from FY2008 to FY2012. Cases and
controls had 2 or more visits between fiscal year (FY) 2008-2012 with follow-up continuing
until September 30, 2015. Thus, all patients had the possibility of at least 3 years of follow-
up time. We excluded patients < 30 years of age for this analysis because these young
patients were unlikely to develop CVD during follow-up. The study procedures were
reviewed and approved by review boards of participating institutions.

The index date for those with PTSD was the second visit with a PTSD diagnosis and for
patients without PTSD it was the second visit for any reason at one of the five VHA’s. To
control for unknown duration of PTSD and allow for a 12 month washout prior to index, we
excluded patients with PTSD in FY2008 and required the index date to occur from FY2009
to FY2012. Patients were free of OAU and CVD in the year prior to index. To exclude
cancer pain, patients were free of cancer for the entire observation period. To allow for a
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biologically plausible association between PTSD, OAU and incident CVD, we required >90
days follow-up after index and opioid initiation. This resulted in a final analytic sample of
1,288 controls and 1,573 cases with PTSD. The sampling process is shown in Figure 1. The
methodological design is illustrated in Figure 2.

Variable definitions—Detailed variable definitions for PTSD, OAU, incident CVD, and
all potential confounding variables are shown in Appendix A. PTSD was defined by an
ICD-9 code for PTSD on 2 or more separate visits within the same 12-month period or one
inpatient visit. This diagnostic algorithm has an 82% positive predictive value compared to a
PTSD Checklist Score =50(9) and 79.4% agreement with Structured Clinical Interview for
DSM-IV PTSD diagnosis.(10)

Following our prior methods,(11-13) new OAU was defined by a prescription for any of the
following medications at any dose and duration after index: codeine, fentanyl, hydrocodone,
hydromorphone, levorphanol, meperidine, morphine, oxycodone, oxymorphone, and
pentazocine. We did not have sufficient sample size to estimate the potential joint effect of
PTSD and different OAU dose or duration of use. Therefore, we treated new OAU as a
binary (yes/no) variable. We used PTSD and OAU status to create a 4-level exposure
variable: 1) no PTSD/no OAU, 2) OAU alone, 3) PTSD alone and 4) PTSD with OAU.

Following methods validated in VHA patient data,(14, 15) and in other administrative data,
(16) incident CVD was defined using ICD-9 codes and Current Procedural Terminology
(CPT) codes for cardiovascular re-vascularization procedures. CVD diagnoses included
hypertensive heart disease, myocardial infarction, ischemic heart disease, diseases of
pulmonary circulation and ‘other’ heart disease. We used a broad CVD definition to
maximize the power to detect this outcome; therefore we computed sensitivity analyses that
defined CVD diagnoses as myocardial infarction or ischemic heart disease.

Potential confounding variables were selected based on theory and/or prior evidence that
they are associated with PTSD, OAU, and incident CVD. Potential confounding variables
modeled as time dependent were measured from FY2008 to start of OAU or CVD/censor
date for those without OAU and included depression, anxiety disorders, alcohol and drug
abuse/dependence, sleep disorders, obesity, hypertension, hyperlipidemia, type 2 diabetes
and chronic pain conditions. Time invariant potential confounders included smoking status
(current/former/never) prior to OAU or CVVD/censor date for those without OAU, body mass
index at time of CVD/censor date (for descriptive statistics only), and age, race, gender and
marital status. To control for detection bias and to account for potential non-VA health care
use, we adjusted for access to VHA health coverage only vs. access to non-VHA health
insurance and volume of primary health care utilization. Both were treated as time invariant.

Analytic approach—All analyses were performed with SAS v9.4 (SAS Institute, Cary,
NC) at an alpha level of 0.05. The distributions of potential confounding variables by the 4-
level exposure variable were computed and significant associations were assessed by chi-
square tests for categorical variables or one-way ANOVA for continuous variables. We
reported the maximum standardized mean difference percent (SMD%)(17) from all pairwise
exposure group comparisons as an indicator of meaningful effect size differences in
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prevalence and means. Potential confounders with an SMD>10%, indicative of meaningful
imbalance,(17) were included in final adjusted models.

Age-adjusted and fully adjusted Cox proportional hazard models were computed to obtain
hazard ratios and 95% confidence intervals for the association of PTSD and OAU with
CVD. The unit of follow-up time was in days and follow-up time was from index date to
onset of CVD diagnosis or censor date, defined as last clinic encounter for patients who
remained without CVD.

The proportional hazard assumption was tested by examining a time-dependent interaction
term of the 4-group PTSD and OAU variable and log(follow-up time), where a significant
(p<.05) test indicates assumption violation and different hazard trends over time. The
proportional hazard assumption was met in all models (p=0.150 age-adjusted; p=0.184 fully
adjusted). Prior to computing adjusted analyses, we tested for multicollinearity and found
there was none. The highest correlation was between PTSD and depression diagnoses
(r=0.54) and between drug and alcohol abuse/dependence (r=0.52).

The joint effects of OAU and PTSD on CVD were tested and presented on both the
multiplicative and additive scales. Statistical or multiplicative interaction, or classic effect
modification, was assessed via the ratio and 95% confidence interval of stratum specific
hazard ratios for the relationship between OAU and incident CVD for those with and
without PTSD. Additive interaction, which is thought to better reflect biological interaction,
(18) was tested using the relative excess risk due to interaction (RERI) measure and 95%
confidence interval.(19) RERI is the risk in excess of what is expected if the effects of OAU
and PTSD were purely additive. A significant RERI > 0 indicates a departure from additivity
or a synergistic additive effect where there is observed excess risk than what is expected.

PTSD and depression are highly comorbid and both are associated with increased odds of
OAU and incident CVD. Therefore, the associations between PTSD and OAU and incident
CVD may be masked by depression. We, thus, computed a priori subgroup sensitivity
analysis among patients without depression.

Cohort characteristics are shown in Table 1. On average, patients were 49.0 (£11.0) years of
age, 85.7% were male, 58.3% were white and 49% were married. The most prevalent
comorbid condition was arthritis (57.6%) and the least prevalent was type 2 diabetes
(14.3%).

During follow-up the percent of each type of opioid dispensed was: codeine (15.8%),
fentanyl (1.0%), hydrocodone (80.1%), hydromorphone (1.7%), levorphanol (0.0%),

meperidine (0.3%), morphine (5.9%), oxycodone (36.8%), oxymorphone (0.0%), and
pentazocine (0.0%).

About one-third of patients were free of PTSD and OAU, 32.9% had PTSD only, 10.6%
OAU only and 22.1% had PTSD and OAU.
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The distributions of potential confounders by the 4-level PTSD-OAU variable are shown in
Table 2. All covariates were significantly (p<0.0001; type 2 diabetes p=0.045) associated
with the PTSD-OAU variable and in all cases the maximum SMD was > 10%.

Patients with PTSD tended to be younger than those without PTSD. Male gender and white
race were more prevalent among those with OAU only. Painful conditions were most
common among those with PTSD and OAU, followed by PTSD only and OAU only with the
lowest prevalence among patients without PTSD and OAU. Depression was most prevalent
among patients with PTSD only (70%) and in patients with PTSD and OAU (68.8%) and
much less common among those with OAU only (16.1%) and least common among patients
free of PTSD and OAU (11.9%). A similar distribution pattern was observed for patients
with anxiety disorder, sleep disorder, alcohol abuse/dependence and drug abuse/dependence.

Hypertension, hyperlipidemia and type 2 diabetes were slightly more prevalent among
patients with PTSD only. Obesity was most common among those with PTSD and OAU,
followed by those with PTSD alone. Current smoking was slightly more prevalent among
patients with PTSD and OAU.

Among the 464 incident CVD cases, 10.3% were hypertensive heart disease, 6.7% were
myocardial infarction, 31.9% ischemic heart disease, 3.5% diseases of pulmonary
circulation and 56.0% ‘other’ heart disease diagnoses. Overall, 7.3% had more than one type
of CVD diagnoses (data not shown). The overall CVD incidence was 40.1/1000 person years
(PY).

As shown in Figure 3, the age — adjusted CVD incidence rate increased from 25.9/1000PY
in patients without PTSD and OAU, to 32.5/1000PY among those with PTSD only, to
56.6/1000PY among those with OAU only, to 84.9/1000PY among patients with PTSD and
OAU (p<0.0001).

Results of age- and fully-adjusted Cox proportional hazard models estimating the joint
association of OAU and PTSD on CVD are shown in Table 3. As shown in the fully adjusted
Model 2, there was almost three times the risk of CVD for OAU relative to non-OAU among
those with PTSD (HR=2.70;95%CI:2.07-3.52), compared to two times the risk among those
without PTSD (HR=1.99; 95%CI:1.36-2.92). This 35% increase in hazard ratios among
those with PTSD compared to those without PTSD was not statistically significant,
indicating no significant multiplicative interaction (ratio of HR = 1.35; 95% CI: 0.86-2.12).

Also, in the fully adjusted model, compared to patients with no PTSD and no OAU, those
with OAU only and those having PTSD and OAU had about twice the risk of incident CVD
(HR=1.99; 95%Cl:1.36-2.92 and HR=2.20; 95%CI:1.61-3.02, respectively). PTSD only
was not associated with incident CVD (HR=0.82; 95% CI: 0.63-1.17). Hazard ratios for all
covariates in the full model are shown in Appendix B. RERI was not significantly different
than O, indicating the lack of an additive interaction (RERI=0.39; 95% CI: —-0.45, 1.24).

After removing patients with depression, the results from Cox proportional hazard models
estimating the association between PTSD, OAU and incident CVD did not change our
conclusions regarding the absence of both multiplicative and additive effects of PTSD and
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OAU on CVD. However, the magnitude of the association between having PTSD and OAU,
compared to having no PTSD and no OAU, and incident CVD was reduced. Compared to
patients without PTSD and OAU, having both PTSD and OAU was associated with a 67%
increased risk of CVD (HR=1.67; 95%Cl:1.01-2.78). Similarly, the stratum specific
estimate for OAU vs. no OAU in patients with PTSD was reduced (HR=1.94; 95%CI:1.16-
3.24).

All models shown in Table 3 were recomputed in sensitivity analysis which defined incident
CVD by a diagnosis for myocardial infarction or ischemic heart disease. Results of
sensitivity analysis did not change our findings (data no shown).

DISCUSSION

Among a large cohort of VHA patients free of prevalent CVD and prevalent OAU 12 months
prior to index date, we observed patients without PTSD who started a new opioid
prescription had a 99% increased risk of incident CVD. Having both OAU and PTSD was
associated with 120% greater risk of incident CVD, compared to patients who had neither
exposure. However, there was no statistically significant additive or interactive effect of
PTSD and OAU.

The association between OAU and incident CVD is consistent with existing research.
Among Medicare recipients, OAU compared to NSAID use, was associated with a 77%
increased risk for CVD events,(2) and a 28% higher risk of CVVD was observed in
prescription opioid users vs. non-users in the UK General Practice Research Database.(1)

To our knowledge, there are no reports of the potential combined effect of PTSD and OAU
on incident CVD. While we did not find evidence for a significant interactive or additive
association with incident CVD, the high OAU prevalence in patients with PTSD may
contribute to more cases of CVD in those with vs. without PTSD. In our sample, the number
of patients who were exposed to both OAU and PTSD was about double that with OAU
alone (22.1% vs. 10.6%). This is consistent with our prior research in which the prevalence
of PTSD in patients who started a new opioid prescription was significantly higher than in
those who remained opioid free (35.5% vs. 20.4%).(13) The association between PTSD and
increased odds of receiving a prescription opioid has been observed in other VHA patient
samples.(6)

The age adjusted association between PTSD and incident CVD was significant (HR=1.24;
95%C]1:1.01-1.54) but in the full model PTSD was no longer associated with risk of CVD.
This result is consistent with recent evidence that a combination of physical conditions,
psychiatric conditions and smoking explained the association between PTSD and incident
CVD.(20) These conditions are all more prevalent among patients with PTSD which may
explain why PTSD does not remain associated with incident CVD after adjusting for
hypertension, hyperlipidemia, type 2 diabetes, depression and smoking, particularly when
modeled as time dependent covariates.

Although speculative, there are several possible physiological and behavioral mechanisms
that may underlie the OAU - incident CVD association. Opioids are associated
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cardiovascular inflammation(21) and decreased myocardial oxygen.(22) Androgen
deficiency related to chronic OAU may contribute to CVD risk.(23) OAU can worsen mood,
itself a risk for CVD, and lead to correlated behavioral risk factors such as increased
smoking, lack of exercise, and subsequently worsen or contribute to persistent hypertension
and obesity. Our study was not designed to identify mechanisms and further research on this
topic is warranted.

We did not use propensity scores (PS) and matching or inverse probability of treatment
weighting to balance the distribution of confounding variables across the 4 exposure groups,
however, controlling for time-dependent variables that onset prior to OAU should result in
similar point estimates that would be obtained by PS adjustment and PS stratified analysis.
(24):(25) We did not include severity of PTSD in our analysis. It is possible that more severe
PTSD is present among patients with OAU and more severe PTSD has been shown to
increase risk of CVD.(4) This could bias our estimate of the association between PTSD,
OAU and incident CVD. Therefore, in post-hoc analysis we computed the mean PTSD
Symptom Checklist (PCL) score in patients with PTSD alone and those with PTSD and
OAU in a subset of patients with PCL scores. Using the last available PCL score prior to
incident CVD or end of follow-up for those who did not develop CVD, we found the mean
PCL score was 55.8 (£16.4) among patients with PTSD only and 57.8 (£15.4) among those
with PTSD and OAU. While this difference was statistically significant (p=0.03), it is far
from clinically meaningful. We are unable to determine if patients used their opioid
prescription and we did not have sufficient sample size to measure dose-response
relationships that may exist between longer and higher dose OAU and incident CVD.
Results from VHA patient data may not generalize to non-VHA patient samples, however,
studies of chronic OAU and new onset depression and research on any OAU and depression
recurrence conducted in VHA patient samples have replicated in private sector patient data.
(11, 13) Last, while we adjusted for a large number of confounding factors, it is possible that
unmeasured confounding influenced results. To determine if an unmeasured confounder was
likely to completely explain our results, we computed the E-value which is the minimum
magnitude of association than an unmeasured confounder would have with both the
exposure and outcome to account for the hazard ratios estimating the association between
the 4-group exposure variable and incident CVD.(26) For the association between OAU and
incident CVD the E-value was 2.59 and for the association between PTSD+OAU and
incident CVD, the E-value was 2.83. Therefore, an unmeasured confounder would need to
have an association of at least 2.83 with both OAU or PTSD+OAU and incident CVD. As
shown in Table 3, the strongest association between common risk factors for CVD was
observed for hypertension (HR=1.42; 1.14-1.76). In addition, although unavailable in our
data, genetic risk is not large enough (HR range=1.28 to 1.74)(27) to account for our results.
Thus, it seems unlikely that unmeasured confounding could explain away our findings.

Conclusions

Our results expand on existing evidence that OAU is associated with incident CVD.
Although we did not find an additive or interactive effect of dual OAU and PTSD exposure,
the number needed to harm,(28) based on fully adjusted models, is lower in those with
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PTSD. Compared to patients without OAU and PTSD, the number needed to harm among
those with OAU alone is 75 patients while only 59 patients are needed if they have both
OAU and PTSD. While reducing opioid prescribing should lessen risk for CVD overall,
avoiding or limiting opioid prescriptions for patients with PTSD may be particularly
important because OAU is nearly three times higher in patients with PTSD compared to
those without mental illness.(6) Further research is needed to determine if other common
comorbid conditions associated with OAU and CVD, such as depression, have an additive or
interactive association with incident CVD. Because OAU is much more common in
depression and other anxiety disorders, educating patients with chronic mental illness, as
well as physicians, about opioid related CVD risk could enhance safe opioid prescribing.

Receipt of opioids for non-cancer pain is influenced by patients and not solely attributable to
provider behavior. Some patients use opioids to medicate stress and poor mood and, to a
degree, self-select into chronic OAU.(29) To the degree that patients self-select into chronic
OAU, and decisions to initiate OAU are modifiable, then OAU can be added to the list of
health behaviors that can be modified to delay and reduce incident CVD in patients with
non-cancer pain. Our results provide an additional rationale for developing and
implementing non-opioid pain management therapies, especially for patients groups with
PTSD who already have numerous conditions that increase CVD risk.
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Appendix A.

Variable definitions

PTSD (baseline/fixed) — Presence of 309.81 at one of five VHA PTSD specialty clinics on =2 outpatient visits or one
inpatient in FY2008 to FY2012. Index date is the second PTSD date or the second visit date for those without PTSD.

New OAU (time dependent) — new fill for OAU after index date and greater than 90 days prior to study end date

Cardiovascular Disease - =1 ICD9 diagnosis code or revascularization CPT/ICD9 procedure codes
a. ICD-9 diagnosis codes for any of the following conditions:
1. hypertensive heart disease: 402x, 403x, 404x, 405x
2. MI: 410x, 411x
3. Ischemic heart disease: 412x, 413x, 414x
4. disease of pulm circulation: 415x, 416x, 417x
5. other heart disease: 420x — 429x
b. CPT codes (outpatient clinic stop files): 35450-35459; 35470-35475; 35480-35495; 92980, 92981, 92984, 92995,
92996; 33510-33536; 33572; 37220-37235; 92920-92944; 0234T-0238T; G0290, G0291; S2211; S2222; S2204-
S2209
c. ICD-9 procedure codes (inpatient procedure files): 36.0x — 36.3x
All patients with a revascularization code also had an ICD9 code for cardiovascular disease

Study end date - Date of cardiovascular disease or last encounter with VHA system

Depression (time dependent) — (296.2x, 296.3x, 311). Presence of a single inpatient code or =2 outpatient codes within
a 12 month period prior to OAU/study end date.
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Other anxiety (time dependent) —~Composite of panic disorder, OCD, social phobia, GAD, anxiety NOS (300.00,
300.01, 300.02, 300.23, 300.3). Presence of a single inpatient code or =2 outpatient codes within a 12 month period
prior to OAU/study end date.

Alcohol abuse/dependence (time dependent) — (303.9x, 305.0x). At least a single code prior to OAU/study end date

Drug abuse/dependence (time dependent) = composite of any drug abuse/dependence. At least a single code for the
following prior to OAU/study end date:

sedative (304.1x, 305.4x), cocaine (304.2x, 305.6x), cannabis (304.3x, 305.2x), amphetamine (304.4x, 305.7x),
hallucinogens (304.5x, 305.3x), ‘other” (304.6x, 305.9x), opioid (304.0x, 305.5x), opioid with other SUD (304.7x),
other SUD excluding opioid (304.8x), unspecified drug abuse/dependence (304.9x).

Sleep disorder (time dependent) = At least a single code for 307.4x, 327.x, 780.5x, 333.94 prior to OAU/study end date

Smoke status (fixed) —This is indicated as Current, Former, Never.

1. Current — “current smoker” in health factors or ICD9 code for nicotine dependence (VV15.82, 305.1) prior to OAU/
study end date.

2. Former — never has a “current smoking” indicator and has an indicator for “former smoker” in health factors prior to
OAU/study end date.

3. Never = all else.

Obese any (time dependent) — Presence of BMI =30 or ICD9 (278.00, 278.01) code for obesity prior to OAU/study end
date

Body Mass Index (fixed — descriptive only) - last BMI prior to study end date.

Hypertension (time dependent) - (401.x) At least a single code prior to OAU/study end date.

Hyperlipidemia (time dependent) — (272.0, 272.1, 272.2, 272.4). At least a single code prior to OAU/study end date.

Type 2 Diabetes (time dependent) — (250.x0, 250.x2, 357.2, 362.0x, 366.41) Presence of =2 codes in any 24 month
period prior to OAU/study end date.

Pain conditions (time dependent) — at least one code for the following prior to OAU/study end date.

a) Arthritis (710.0-710.4, 710.8, 710.9, 711x, 713x-717x, 718.0x-718.3x, 718.5x-718.9%, 719x, 720.0, V13.4)

b) Back pain (720.1, 720.2, 720.8x, 720.9, 721x, 722x, 723.0-723.3, 723.5-723.7, 723.9, 724x, 756.1x

c) Musculoskeletal pain (725x, 726.0x-726.6x, 726.71, 726.72, 726.90, 727.00, 727.03, 727.04, 727.05, 727.06, 727.09,
727.2,727.3,727.49, 727.50, 727.51, 727.6x, 727.89, 727.9, 729.0, 729.1, 729.4, 729.5, 729.7x, 729.89, 729.9, 729.91,
729.92, 781.99, 830x-848x, 905.6, 905.7, V43.6X, VV43.7, V48.3, V49.6x, V49.7X)

d) Headache (307.81, 339x, 346.0x-346.5x, 346.7x-346.9x, 784.0)

e) Neuropathy (053.13, 072.12, 337.0x, 337.1, 353x-357x, 377.33, 377.34, 377.41)

Demographic Information (all fixed covariates)

Age — age at initial visit to one of five VHA PTSD specialty clinics

Gender — male vs. female

Race — most commonly occurring in record (white vs. black vs. other)

Marital status — most commonly occurring in record (married vs. other)

VHA only insurance — most commonly occurring in record (yes vs no)

Primary healthcare utilization - number of unique primary care clinic stops per total months in entire VA system. Total
months is calculated from first visit date to any VA facility in FY08 to FY'15 to the study end date. Primary Care stop
codes: 170, 172, 301, 322, 323, 348, 350. From entire sample of 17-80 year olds, quartiled visits/months and top

quartile = high.

Appendix B.

Results from Cox proportional hazard models estimating the association between PTSD and
OAU on risk of CVD. Estimates for fully adjusted proportional hazards model (n=2,861)

Variable HR (95% CI)
PTSD*OAU
None 1.00
PTSD only 0.82 (0.63-1.17)
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Variable

HR (95% CI)

OAU only

PTSD+OAU
Age
Male gender
Race

White

Black

Other
Marital status

Not married

Married
VHA only insurance
High primary HCU
Arthritis
Back pain
Musculoskeletal pain
Headache pain
Neuropathy
Depression
Other anxiety
Sleep disorder
Alcohol abuse/dependence
Drug abuse/dependence
Hypertension
Hyperlipidemia
Type 2 Diabetes
Obesity
Smoking

Never

Former

Current

1.99 (1.36-2.92)
2.20 (1.61-3.02)
1.04 (1.03-1.05)
1.50 (1.04-2.17)

1.00
1.11 (0.90-1.36)
0.74 (0.48-1.13)

1.00
0.87 (0.72-1.07)
0.84 (0.69-1.02)
1.72 (1.40-2.11)
1.10 (0.89-1.36)
1.06 (0.87-1.30)
1.25 (1.02-1.54)
0.87 (0.67-1.13)
1.00 (0.77-1.30)
0.96 (0.76-1.21)
0.93 (0.72-1.20)
1.30 (1.06-1.60)
1.10 (0.85-1.41)
1.32 (1.01-1.75)
1.42 (1.14-1.76)
1.10 (0.89-1.36)
1.03 (0.81-1.32)
1.28 (1.05-1.57)

1.00
1.01 (0.77-1.32)
1.13 (0.91-1.40)
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>2 visits to PTSD specialty health
clinic FY08-FY12 and 18-70
years old (n=11,856)

® 5,940 non-PTSD

® 5916 PTSD

e non-PTSD: 2,981 FY08 index
¢ PTSD: 1,841 FY08 index

FY09-FY12 index date (n=7,034)
® 2959 non-PTSD
© 4,075 PTSD

Free of CVD in year prior to index
(n=5,978)

e 2.433 non-PTSD

*3,545PTSD

e non-PTSD: 526 prior CVD
¢ PTSD: 530 prior CVD

A

> 90 days follow-up after index
date (n=5,478)

® 2,067 non-PTSD

© 3477 PTSD

* non-PTSD: 366 with < 90 days
follow-up
* PTSD: 68 with < 90 days follow-

up

Y

e non-PTSD: 384 Age 18-29
¢ PTSD: 916 Age 18-29

Age > 30 (n=4,178)
e 1,659 non-PTSD
® 2,519 PTSD

A 4

e non-PTSD: 194 cancer
e PTSD: 395 cancer

Free of cancer (n=3,659)
® 1,465 non-PTSD
© 2914 PTSD

A

e non-PTSD: 158 with opioids
* PTSD: 592 with opioids

Free of opioids in year prior to
index (n=2,909)

® 1,307 non-PTSD

* 1,602 PTSD

* non-PTSD: 19 with < 90 days
¢ PTSD: 29 with < 90 days

> 90 days follow-up after opioid
initiation (n=2,909)

e 1,288 non-PTSD

® 1,573 PTSD

Figure 1.
Sample selection process
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Index date between 2009 to 2012: PTSD onset (i.e. 2" visit with PTSD ICD-9 code) and controls (i.e. 2" visit) with
no cardiovascular disease and no opioid analgesic use in 12 months prior to index date

k

2008 2009 2012 2015

-------------------------------------------------------------------------------------------

No cancer diagnosis 2008-2015

Figure 2.
PTSD, OAU and incident CVD Retrospective Cohort Design
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Age-adjusted CVD incidence by 4-level PTSD-OAU exposure
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Sample characteristics, veterans age 30-70 years, free of CVD and OAU for 12 months prior to index

(n=2,861)

Variable

n(%o) or mean (+sd)

PTSD and OAU 4 level variable:

No PTSD/no OAU

PTSD only

OAU only

PTSD and OAU
Age, mean (+sd) (years)
Age category

30-39

40-49

50-59

60-70
Male gender
Race

White

Black

Other

Missing
Marital status

Not married

Married

Missing
VHA only insurance
High primary HCU
Comorbidities™
Arthritis
Back pain
Musculoskeletal pain
Headache pain
Neuropathy
Depression
Other anxiety
Sleep disorder
Alcohol abuse/dependence
Drug abuse/dependence
Hypertension
Hyperlipidemia
Type 2 Diabetes

ObesityT

Eur J Prev Cardiol. Author manuscript; available in PMC 2020 September 11.

984 (34.4)
942 (32.9)
304 (10.6)
631 (22.1)
49.0 (+11.0)

707 (24.7)
748 (26.1)
718 (25.1)
688 (24.1)
2452 (85.7)

1667 (58.3)
749 (26.2)
222 (7.8)
223(7.8)

1342 (46.9)
1403 (49.0)
116 (4.1)
1716 (60.0)
600 (21.0)

1648 (57.6)
1412 (49.4)
1081 (37.8)
577 (20.2)
412 (14.4)
1230 (43.0)
497 (17.4)
1106 (38.7)
767 (26.8)
462 (16.2)
1344 (47.0)
1345 (47.0)
408 (14.3)
1471 (51.4)

Table 1.
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Variable

n(%o) or mean (+sd)

BMI, mean (£sd) #

BMI category #

<25
25t0< 30
=30
Missing
Smoking
Never
Former

Current

30.0 (#5.8)

464 (16.2)
962 (33.6)

1187 (41.5)
248 (8.7)

1262 (44.1)
438 (15.3)
1161 (40.6)

Page 18

CVD-=cardiovascular disease; PTSD=post-traumatic stress disorder; OAU=opioid analgesic use; FY=fiscal year; VHA= Veterans Health Affairs;
HCU=healthcare utilization; BMI= Body Mass Index

*
Comorbidities occur prior to OAU, unless otherwise noted

fBMI230 or ICD-9-CM code

’tLast BMI prior to CVD or last visit date, 2,613 overall
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Page 19

Scherrer et al.

(T98'Z=U) Xapui 01 Joud syjuow ZT 10} NWVO Pue AAD JO 334} ‘sieak 0/—0€ abe suelalan ‘NYO+ASLd Yim sdiysuolie|al ajelienod

Author Manuscript

%.'8T S0’ (L¥7) €6 (6'6) 0€ (T91) 2at (geT) €et sajaqelq ¢ adAL
%T'9€ 1000"> (c19) €2e (T'6€) 61T (6'59) LS (c8e) 9Le (%)u "erwapidipdAH
%6'GC 1000"> (2'8v) L0€ (L'av) 6ET (z'€9) T0S (rov) L6€ (%)u ‘uoisuspadAH
%T'LS 7000"> (¢92) g9t (cer)ov (0'72) 86T (09) 65 (%)u ‘douapuadapyesnge Bniq
%S'TL 1000"> (e'ov) vST (Ts1) 9 (¢'8e) 09g (601) 20T (%)u ‘sudpuadap/asnge [0y0d|Y
%66 1000"> (T'Lv) 162 (2'02) €9 (6'99) 9€5 (e'12) 012 (%)u ‘sopaosip daa|s
%8'LS 7000"> (9v2) 5S1 (98) 92 (022) v5e (e9) 29 (%)u “Kyorxue soup0
%E'THT 1000"> (8'89) vev (T91) 67 (6'99) 0€9 (6TT) LTT (%)u ‘uoissaida@
%v'Se 1000"> (8L1) 21T (8'1T) 9€¢ (z8T) TLT (56) €6 (%)u ‘AyredoinaN
%' 19 7000"> (¥°0€) 261 (Tvr) ey (9'82) 692 o eL (%)u ‘ured ayoepesH
%G 9 1000"> (T6v) 01 (9°2¢) 66 (0ev) sov (T22) L9 (%)u ‘ured [elv[s0INSNIN
%S'69 1000"> (8'v9) 60 (T'vp) vET (889) ¥55 (0ze) s1¢ (%)u ‘ured xoeg
%L 0L 1000"> (el LSy (e99) 121 (c29) €9 (e'6¢) 182 (%)u ‘snuyuy
SORIPIGIow0)
%8'€9 1000"> (6'9¢) €2 (e'52) LL (e67) 281 (0°'TT) 80T (%)u ‘NOH Arewnid ybiH
%19 1000"> (969) 9.¢ (L'02) s12 (5€9) v05 (T€9) T29 (%)u *aoueinsur Ajuo WHA
%605 G> (00)o G> (STT) £TT Burssin
wr'se — §70007 (@) 6L2 (T'zv) 821 (979 vTS (0'6v) z8v paLLIEIN
%v'LE (9'59) T5€ (6'29) 9.1 (e'sv) 9zv (g'6€) 68€E PoLLIBW JON
(%)u ‘sniess [eleiN
%06 (to)er (9v) vT (o) ev (951) €51 Buissin
%v'0T (6'2) 05 (99) LT (6L) L (z'8) 18 Yo
%692 1000"> (z'1€) 26T (2'12) 99 (T'1€) €62 (9'61) €6T oelg
%T've (8'89) 1.8 (1'89) L0Z (599) zes (999) 255 3HUM
(9%)u ‘aoey
%0°6T 100° (¥'€8) 925 (8'68) €22 (¢'88) ¢€8 (¥€8) 128 (%)u ‘1opuab afe
%8'8C 1000"> (9019 'Ly (€°0T¥) ¥'05 WT11%) 0'8Y (0'TT%) 505 (s1eaf) (ps¥) uesw ‘aby
#l70QWSIXRU - ohord  (1e9=U)NVO+aSLd  (v0E=U) AIUO VO (Zv6=UWAIUO ASLd  (vB6=U)BUON  (PST) UBaLL 10 (94)U *3|eLIEA

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Eur J Prev Cardiol. Author manuscript; available in PMC 2020 September 11.



Page 20

Scherrer et al.

anjea-d 10ex3
§

suostiedwod asimired dnolb ajqissod |e J0 IN0 %NS WNWIXeIA

7

9p0od ND-6-ADl 40 omm__)_.mmN

Pa10ou 8SIMIBYIO0 SSBJUN ‘MO 03 Jolid IN220 SBIIPIGIoWo)
«

Xapu| sse|N Apog =[IAIg ‘uonezijnn

IRy eay=NDH ‘SIElY UI[BaH SUBISIBA =HA ‘Jeak [easl=Ad ‘90UalalIp UeaW pazipiepuels=aNS ‘asn d1sebleue pioido=NO ‘1apIosip $Sails J1ewinel}-1s0d=as.L d ‘aseasip JejnaseAoIpied=aADd

%T'LE (9'8v) L0€ (8'2v) 0T (Lvy) T2y (8°0¢€) €0€ waun)
%Z'ET 1000"> (ger) 6L (T°51) 9F (z'21) 29T (7'ST) 16T Jawiiod
%0°2€ (8'8¢) G¥Z (T'zv) 82T (1'8€) 65€ (6'€S) 0€5 18/8N
(9%)u ‘Bupows
%G'LE 1000"> (7°09) T8¢ ('sv) 8T (z'29) 6€S (0zy) €Tv o8 wb_wmgo
$POANSDRW nord (19=U)VO+aSLd  (0B=U) A0 VO (zv6=UAIUO ASLd  (1B6=U)SUON  (PST) Ueatl 0 (96U ‘DlceLIEA
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Eur J Prev Cardiol. Author manuscript; available in PMC 2020 September 11.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Scherrer et al.

Table 3.

Page 21

Results from Cox proportional hazard models estimating the association between PTSD and OAU and incident

CVD (n=2,861)

Model 1 - Age-adjusted

Model 2 - Fully adjusted

HR (95%Cl)

HR (95%Cl)

OAU within PTSD strata
No PTSD: OAU vs. no OAU
PTSD: OAU vs. no OAU
OAU*PTSD

None

PTSD only

OAU only

PTSD+0OAU

Multiplicative interaction

Ratio of OAU HR’s within PTSD strata

Additive interaction
RERI

2.35 (1.61-3.43)
2.81 (2.16-3.66)

1.00
1.24 (1.01-1.54)
2.35 (1.61-3.43)
3.49 (2.66-4.59)

Estimate (95% CI

1.20 (0.77-1.87)

0.90 (-0.17, 1.98)

1.99 (1.36-2.92)
2.70 (2.07-3.52)

1.00
0.82 (0.63-1.17)
1.99 (1.36-2.92)

2.20 (1.61-3.02) *
Estimate (95% CI

1.35 (0.86-2.12)

0.39 (-0.45, 1.24)

Note: CVD=cardiovascular disease; OAU=opioid analgesic use; HR=hazard ratio; Cl=confidence interval; RERI=relative excess risk due to

interaction

*
fully adjusted model with hazard ratios for all covariates shown in Appendix B.

Significant estimates are bolded
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Table 4.

Results from Cox proportional hazard models estimating the association between PTSD and OAU and incident
CVD among patients without depression (n=1,631)

Fully adjusted
HR (95%Cl)

OAU within PTSD strata

No PTSD: OAU vs. no OAU 2.00 (1.33-3.02)
PTSD: OAU vs. no OAU 1.94 (1.16-3.24)
OAU*PTSD

None 1.00
PTSD only 0.86 (0.62-1.20)
OAU only 2.00 (1.33-3.02)
PTSD+OAU 1.67 (1.01-2.78)

Estimate (95% Cl
Multiplicative interaction
Ratio of OAU HR’s within PTSD strata 0.97 (0.51-1.84)
Additive interaction
RERI -0.19 (-1.27, 0.89)

Note: CVD=cardiovascular disease; OAU=opioid analgesic use; HR=hazard ratio; Cl=confidence interval; RERI=relative excess risk due to
interaction; fully adjusted model controlled for all covariates shown in Table 2.

Significant estimates are bolded
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