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Abstract

Purpose: Post-traumatic stress (PTS) symptoms are highly comorbid with substance use (i.e., 

alcohol, tobacco, and cannabis). Few studies have investigated potential individual-, household-, 

and neighborhood-level socioeconomic effect modifiers of this comorbidity in longitudinal 

analyses. We aim to examine interactions between this multi-level environment and PTS 

symptoms on future substance use behaviors.

Methods: Data were drawn from the Advancing Understanding of RecOvery afteR traumA 

(AURORA) study, including 2943 individuals who presented to the emergency department 

(ED) within 72 h of a traumatic event. Frequency of tobacco, alcohol, cannabis use, and PTS 

symptoms were reported at 6 timepoints. Mixed effect Poisson models, clustered by state, 

were used to generate incidence rate ratios (IRRs) substance use, both cross-sectionally and 

prospectively. Moderation analysis of PTS and substance use, stratified by household income 

and area deprivation index (ADI), was conducted using mixed effect models and parallel process 

growth curves.

Results: Significant associations were observed between PTS with tobacco, alcohol, and 

cannabis use frequency cross-sectionally, and for tobacco and alcohol and PTS exposure 

prospectively. Lower income (P < 0.001) and higher deprivation (P < 0.001) were associated 

with tobacco use, while higher income (P < 0.001) and less deprivation (P = 0.01) were associated 
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with increased alcohol use. We found modest modification by household income for alcohol and 

tobacco, and little evidence of modification by neighborhood ADI.

Conclusions: Household income had greater evidence of effect modification for substance use, 

compared to neighborhood-level ADI. Our findings demonstrate that household indicators of 

socioeconomic status likely modify the relationship between PTS and substance use.

Keywords

Household income; Post-traumatic stress disorder; Alcohol; Tobacco; Neighborhood

Introduction

Traumatic events affect nearly 70% of people in their lifetime [1], and it is estimated, 

among those, the lifetime prevalence of post-traumatic stress (PTS) symptoms meeting 

clinical diagnostic threshold is 7.8% [2]. PTS symptoms are associated with a range of other 

behavioral health challenges, including increased substance use [3]. One systematic review, 

for example, found that up to 61.3% of those with PTSD reported alcohol misuse [4], and 

a meta-analysis found that 24.0% of individuals with PTSD currently smoked tobacco [5]. 

In literature, there is notable evidence that PTS symptoms lead to substance use behaviors 

[6]. However, there are cases of reverse directionality as well [7], and studies, primarily 

performed in treatment settings, have shown that PTS symptoms at baseline can influence 

future substance behaviors [8–11]. However, this relationship is also complicated by the 

impact of social and environmental factors. These risk factors can occur throughout many 

levels of the social-ecological landscape, compounding across the structural, community, 

and interpersonal levels and interacting with PTS symptoms to increase substance use 

beyond general population estimates.

Drawing from Bronfenbrenner’s socioecological model, we conceptualize health outcomes 

embedded within multiple levels and influenced by factors ranging from the individual to 

the systemic domains [12]. For example, factors reflecting the microsystem, such as family 

characteristics including household income, and the exosystem, including broader resources 

such as neighborhood deprivation, can interact at the mesosystem and then influence 

individual health trajectories [13–15]. These multiple ecological levels can all affect 

socioeconomic status (SES), and there is empirical evidence of this complex relationship: 

prior studies have found associations with reduced SES and increased substance use 

behaviors, however these findings have varied considerably and have not demonstrated a 

clear linear relationship [16]. For instance, higher childhood SES has been shown to increase 

the risk of alcohol and cannabis use [17], while lower adult SES has been associated with 

increased tobacco use [18]. Socioeconomic status is also associated with differences in PTS 

symptoms [19, 20], and has demonstrated a moderating relationship between PTSD and 

other health outcomes, such as cardiovascular disease [21]. However, the moderating effect 

of SES between PTS and future substance use is understudied, and will be the basis of our 

study objectives.

Beyond individual SES, other environmental conditions are likely to affect this relationship. 

Changing legislative landscapes for substances, such as tobacco, alcohol, and cannabis, may 

Garrison-Desany et al. Page 4

Soc Psychiatry Psychiatr Epidemiol. Author manuscript; available in PMC 2026 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



moderate potential effects. For example, the availability of legal cannabis in some states 

but not others may lead to moderation due to geography [22]. At the more granular level, 

stress-diathesis theory suggests that compounding traumas over time then increases the risk 

of PTS and related sequelae [23], and there is evidence that the number of traumatic events 

one experience can be affected by neighborhood and environment. Areas with higher levels 

of reported crimes have more events that could be considered traumatic [24, 25]. Similarly, 

interpersonal violence has been shown to have different geographic patterns and risk factors 

based on urbanicity versus rurality [26, 27]. The influence of these higher-level effects of 

state and neighborhood on traumatic events and PTS symptoms should be considered in 

conjunction with household factors, which we aim to further investigate.

Understanding the role of the multi-level SES is critical for addressing substance use 

among communities exposed to traumatic events. A critical appraisal of these compounding 

stressors (such as neighborhood deprivation and household SES) is necessary to guide 

treatment and address preventable health disparities. To address these gaps in knowledge, 

we will use a large sample of individuals presenting to an emergency room within 72 h 

of a traumatic event, allowing us to investigate PTS symptom associations with incident 

substance use.

Objectives

(1) We will investigate the association of PTS with cross-sectional and prospective alcohol, 

tobacco, and cannabis use in this sample. (2) We will examine household income as a 

modifier of the relationship between PTS symptoms and substance use. (3) We will examine 

neighborhood deprivation as a modifier of the relationship between PTS and substance use, 

independent of the effect of income. And (4) we will test whether household income and 

neighborhood deprivation interact with one another to then modify the relationship between 

PTS and substance use.

Methods

Study sample

The Advancing Understanding of RecOvery afteR traumA (AURORA) cohort has been 

previously described in detail [28]. In brief, AURORA was a prospective cohort comprised 

of nearly 3000 individuals who present at one of 29 participating emergency departments 

(ED) within 72 h of experiencing an index traumatic event. Adults aged 18 to 75 years of 

age were excluded if they were administered general anesthesia at the time, experienced 

long bone fractures, significant hemorrhage, solid organ injury, or were not alert or oriented 

at the time of enrollment. Individuals were followed for one year, with follow-up at week 

2, week 8, month 3, month 6, and month 12. Data for this analysis included a self-reported 

questionnaire at these timepoints. We included participants who responded to the three 

substance use questions and the PTSD scale.

Measures

Post-traumatic stress symptoms were assessed using the self-report PTSD checklist for 

DSM-5 (PCL-5) [29]. Participants were asked to rate on a 5-point scale severity of 
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symptoms experienced in the 30 days prior to the timepoint, except week 2, which include 

the two weeks prior only. Scores were summed, with a range of 0 to 80. The PCL-5 was 

administered at ED enrollment, weeks 2 and 8, months 3, 6, and 12 after the index event. 

When binarizing, likely PTSD was defined as 33 or greater, based on the validated cut point 

for the PCL-5 for US Adults; unlikely PTSD was defined as less than 33 out of 80 [29].

Substance use was defined across three primary outcomes: tobacco, alcohol, and cannabis. 

These were ascertained as a count of frequency of use in the last 30 days using the PhenX 

Toolkit [30]. We focused on tobacco, alcohol, and cannabis due to their full legal or semi-

legal status, which are subject to differing state laws and regulations.

Covariates

We defined social factors at the individual, household, and community level. Individual 

factors included participant age, gender identity (defined as cisgender men, cisgender 

women, and transgender/non-binary people), race/ethnicity (defined as non-Hispanic Black, 

non-Hispanic White, Hispanic, other non-Hispanic race/ethnicities), participant marital 

status (defined as never married, married, separated/divorced, and widowed/other), and 

participant education (defined as not attending high school, attending only high school, 

attending college, and attending graduate school).

Effect modifiers

Household income was originally collected as a categorical variable (“What is your best 

estimate of your total family income from all sources, before taxes, in the last calendar 

year?”) with levels: < = $19,000/year; > $19,000 and < = $35,000/year; > $35,000 and 

< = $50,000/year; > $50,000 and < = $75,000/year; > $75,000 and < $100,000/year, > 

= $100,000/year, and “did not know.” We collapsed household income initially as: < = 

$35,000/year, > $35,000 and < = $75,000/year, > $75,000 and “did not know.” In our 

stratification analysis, in the interest of preserving power, we further collapsed categories 

into two strata: household income of > $50,000/year and < = $50,000/year.

At the community-level, we used data from the Area Deprivation Index (ADI) 2019 [31, 

32] that was merged with census tract, determined based on self-reported address, for both 

national percentile and state-specific decile. The ADI is a multi-faceted index reflecting 

neighborhood average income, education, employment, and housing quality. We report 

the ADI as scaled within each state as state-specific decile, as well as the total national 

percentile. When using the state decile, we clustered our models at the state level.

Statistical methods

We generated descriptive statistics and examined the longitudinal trends of substance use 

frequency and PCL-5 symptoms graphically. We mapped substance use and PCL-5 symptom 

measures across the United States by state to highlight potential geographic trends in 

both our exposures and outcomes. We report the state-specific correlations between any 

substance use and likely PTSD diagnosis, along with the number of respondents per state, in 

supplement.
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We used generalized estimating equations (GEE) to account for the longitudinal nature of 

our data, and estimate trends over time for both the dependent and independent variables. 

We determined autocorrelation as exchangeable via graphs and autocorrelation coefficient, 

and estimated GEE models controlling for socioenvironmental covariates. For Objective 1, 

we analyzed the effects of PTS on substance use, and the impact of potential confounding 

due to area deprivation, using generalized linear mixed effect models (GLMEM), with 

clustering at the state-level and random intercepts for individuals over time. GLMEM 

were used to account for the state-level clustering when using the state-specific ADI. This 

generates estimates of the conditional effect based on state membership, which is a more 

granular investigation of the effect of ADI. This model, however, had challenges with 

converging, and therefore we used the GEE and the national ADI ranking (without state-

clustering) to generate marginal effects in instances when the GLMEM did not converge.

These models were specified both cross-sectionally (e.g., PTS symptoms and substance use 

behaviors were reported in the same time period) including the baseline report of the prior 

30 days before the index traumatic event, as well as longitudinally by lagging the exposure 

to determine associations with prospective substance use following PTS symptoms. This 

lagging was such that sociodemographic variables from ED baseline were carried forward, 

PTS symptoms were ascertained at week 2 following the index trauma, week 8, month 3 

and month 6, and substance use outcomes were ascertained at week 8, month 3, month 6, 

and month 12, resulting in a model with 4 timepoints. These models used the quasipoisson 

distribution and estimated the incidence rate ratios when exponentiated.

We then conducted a stratified analysis to investigate moderation by individual household 

income and national neighborhood ADI using GEEs and then fit parallel process latent 

growth curves to model PTS and substance use, as convergence was not achieved including 

a state-level random intercept. For Objective 2, stratifying by a binarized income variable (< 

= $50,000/year and > $50,000/year), we tested associations between PCL-5 symptoms and 

tobacco, alcohol, and cannabis use in our GEE models. These models estimated the marginal 

change in continuous use (quantity, frequency, quantity-frequency) for each substance. For 

Objective 3, we stratified by national ADI by the median value, to examine differences in 

the relationship between PCL-5 and substance use also using GEEs. These models estimated 

the marginal change in continuous use for each substance. We also conducted a sensitivity 

analysis stratifying by the 25th and 75th percentile of ADI (e.g., omitting the middle 50%) 

to compare extremes, however this analysis was underpowered for the continuous outcome, 

and therefore substance use was binarized and logistic GEEs are reported in supplement.

We then used parallel process latent growth curves to more accurately model the changing 

trajectories between the development of PTS symptoms and substance use behaviors over 

time. We allowed both PTS symptoms and substance use to have a random intercept and 

for each of these intercepts to influence the slope of the other. This was completed with 

the lagged version, allowing for prospective assessment of substance use. Coefficients were 

standardized, and we adjusted for sociodemographic coefficients in both the intercepts and 

slopes. We compared fit statistics of the parallel processes including the income variable as 

a moderator, the ADI ranking as a moderator, and both as moderators in the same model. Fit 

statistics included log likelihood, Akaike’s Information Criterion (AIC), and the Bayesian 
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Information Criterion (BIC). The models required numerical integration for fitting, which do 

not produce the Tucker-Lewis Index or Comparative Fit Index.

For Objective 4, we examined the inclusion of both ADI and income as moderators in the 

GEE models and using parallel process modeling. In the GEE models, this was done both 

individually (ADI x PTS in model A, income x PTS in model B), then with both moderators 

in the same model (ADI x PTS and income x PTS), and finally with a 3-way interaction with 

PTS (ADI x income x PTS). These model variations are reported in supplement.

We also completed multigroup analysis of the parallel process models to examine any 

modification between ADI and income. First with (1) high ADI/low ADI, (2) high 

income/low income/did not report, and (3) both ADI and income defined as: high ADI and 

high income, high ADI and low income, high ADI and not reported income, low ADI and 

high income, low ADI and low income, low ADI and not reported income. These models 

were conducted using the Poisson distribution, with Monte Carlo integration to generate log 

incidence rate ratios.

We used an alpha threshold of 0.05 and generated 95% confidence intervals as appropriate. 

GEE models were conducted in R 4.2.3 [33]. Parallel process models were conducted in 

MPLUS [34].

Missingness

We assessed missingness and determined it was likely to be missing at random (MAR) using 

graphical methods and hypothesis testing with whether a variable was missing (yes/no) and 

our primary measures. Income missingness was significantly higher than other variables 

(nearly 15%) and therefore we maintained “Did not report” as a category. We conducted 

multiple imputation by chained equations for 20 datasets across 30 iterations each. All 

model estimates were pooled using Rubin’s rules [35].

Results

In our analytic sample, we had 2943 participants (Table 1), among whom 1099 (37.3%) 

reported PCL-5 symptoms at baseline that would indicate likely PTSD diagnosis, defined 

as total scores of 33 or higher out of 80. We report enrollment and missingness across 

the waves in Supplemental Fig. 1 and Supplemental Table 1, respectively. There was a 

similarly expected sex ratio among the likely PTSD group, with the majority being cisgender 

female (70.2%, N = 772) (χ2 p-value < 0.001). The majority of participants, regardless of 

likely PTSD diagnosis, reported any vehicle collision as the index traumatic event (76.4%, 

N = 2247). Most participants also reported past-month alcohol use (61.7%, N = 1815) 

though this did not differ by likely PTSD diagnosis at baseline (χ2 p-value = 0.10). A 

large proportion also reported tobacco use (35.5%, N = 1046) and cannabis use (29.2%, 

N = 858), though neither of these differed by likely PTSD diagnosis (χ2 p = 0.06 and 

0.90 respectively). We also report the ADI distribution by income level to demonstrate the 

variability of household income across ADI strata (Supplemental Fig. 2). We also report 

the distribution of exposure and outcomes across all states (Supplemental Fig. 3) and their 

state-specific correlation (Supplemental Table 2).
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Objective 1

In our primary models assessing the association between PCL-5 symptoms and incidence 

rate of tobacco, alcohol, and cannabis frequency (Table 2), PCL-5 symptoms were highly 

associated across these substances when controlling for sociodemographic covariates 

in the cross-sectional model. Higher ADI (e.g., greater neighborhood deprivation) was 

significantly associated with increased tobacco use (IRR: 1.02, 95% CI: 1.01, 1.03), with 

reduced alcohol consumption (IRR: 0.994, 95% CI: 0.989, 0.999), and with increased 

cannabis used (IRR: 1.01, 95% CI: 1.00, 1.02). Income was also highly associated with 

tobacco, alcohol, and cannabis use. Compared with individuals making > $35,000–< 

$75,000 annually, those making ≤ $35,000/year had a 26% higher rate of tobacco frequency 

in the last 30 days (95% CI: 1.16, 1.37). Those making ≥ $75,000/year had a higher risk of 

alcohol drinking frequency (IRR: 1.16, 95% CI: 1.08, 1.23), and for cannabis use, making 

≤ $35,000/year had a 9% higher incidence of cannabis frequency (95% CI: 1.02, 1.17). We 

also used linear mixed effect models to examine the relationship with prospective substance 

use under the lagged model (Supplemental Table 3). The linear model was used because 

neither the Poisson, negative binomial, nor quasipoisson converged with the lagged model. 

There, tobacco showed associations with state ranked ADI (Coef: 0.11, 95% CI: 0.01, 0.22) 

but not with alcohol or cannabis (Supplemental Table 4). We conducted a sensitivity analysis 

to examine if there are potential confounding effects from ADI on the association between 

income and substance use behaviors by removing ADI from the model and comparing the 

change in the association estimates (Supplemental Table 5). We found a notable difference in 

the estimates and control for ADI in subsequent models including income.

Objective 2

In our models stratified by low/high household income (Fig. 1, Table 3), we found that, 

among individuals with low household income, there were highly significant associations 

between PTS symptoms and tobacco, alcohol, and cannabis (p < 0.01), with tobacco 

showing the greatest association (change in frequency: 0.03, 95% CI: 0.01, 0.04). In the 

high-income strata, there was no significant association between PCL-5 and alcohol or 

cannabis outcomes (p = 0.051 and p = 0.41, respectively). We repeated this analysis with 

the prospective exposure, and found significant associations with alcohol in the low income 

strata (change in frequency: 0.01, 95% CI: 0.003, 0.02), which were no longer significant 

in the high income strata (change in frequency: 0.007, 95% CI: − 0.01, 0.03), and a similar 

pattern for tobacco [change in frequency: 0.02 (95% CI; 0.001, 0.04) vs. 0.01 (95% CI: − 

0.02, 0.04)].

Objective 3

When stratifying by national ADI ranking (Table 4), we found that PCL-5 symptoms were 

associated with cannabis use among low ADI (p = 0.03) but not high ADI (p = 0.11) 

strata, but these estimates had similar effect sizes and overlapping confidence intervals 

(Low ADI coefficient: 0.01, 95% CI: − 0.002, 0.02 vs. high ADI coefficient: 0.02, 95% 

CI: 0.003, 0.04, respectively). Associations were nearly the same for alcohol and tobacco 

between the high and low ADI, both in point estimate and significance across the strata. 

Given well-documented associations between gender and substance use behaviors [36–38], 
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and gender and PTS symptoms [39–41], we also conducted a sensitivity analysis stratifying 

by gender to examine differences in our main effect based on this influential factor. We 

found no difference in direction of effect or effect size between cisgender men and women, 

or significant interaction though estimates for cis-gender men were more often significant 

compared to cisgender women (Supplemental Table 6). This demonstrates that our findings 

are likely robust to the effects of gender in our sample. Race/ethnicity did not show 

associations with substance use in our sample when controlling when ADI and income 

(Table 2), and therefore we did not pursue stratification.

To reflect the longitudinal trajectory of PTS symptoms and using tobacco, alcohol, and 

cannabis over time, we conducted parallel process models (Supplemental Fig. 4). There 

were statistically significant associations for the intercept of PTS symptoms and the slope 

of each substance use category. For tobacco, the standardized coefficient using the loglinear 

model was 0.134 (SE: 0.007) for alcohol frequency, the standardized coefficient was 0.032 

(SE: 0.006), and for cannabis use frequency, the standardized coefficient was 0.086 (SE: 

0.008). Fit statistics of the parallel process latent growth curve models are reported in 

Supplemental Table 7.

Objective 4

To investigate how ADI and income may interact with one another to further modify the 

relationship, we first disaggregated based on ADI and income category. We found that 

20.3% (n = 598) had low ADI and low income, 47.5% (n = 1399) had high ADI and low 

income, 10.6% (n = 313) had low ADI and high income, 9.2% (n = 271) had high ADI and 

high income, with similarly 4.2% (n = 124) had low ADI and did not report their income, 

while 8.1% (n = 238) had high ADI and did not report their income. Using the GEE model 

with both income and ADI included, there was no evidence of a 3-way interaction with 

PTS symptoms, or a two-way interaction between ADI and income (Supplemental Tables 8, 

9, 10, 11, 12, 13). Using the multi-group parallel process model, there was no significant 

difference in the multigroup parameters.

Sensitivity analyses

We mapped baseline characteristics at the state level based on the proportion of likely PTSD 

diagnosis (Supplemental Fig. 2, Panel A), self-reported use of any tobacco in the past 30 

days (Panel B), any alcohol use in the past 30 days (Panel C), and any cannabis use (Panel 

D). Due to small sample size, some states had rates of 100%. It was possible for participants 

to attend recruitment sites in a state different from their state of residence, therefore there 

were 29 recruitment sites, and 33 states represented. By state, most correlation estimates for 

tobacco and PTSD were about 0.15 (range: −0.01, 0.24) and were statistically significant 

(Supplemental Table 1). Alcohol had a wider range in point estimates, though none of the 

estimates except Michigan (0.05, 95% CI: 0.01, 0.10) and Missouri (0.06, 95% CI: 0.02, 

0.10) were statistically significant, those these were quite modest associations. Cannabis also 

showed a slight correlation by state, with the highest being from Connecticut (0.45, 95% CI: 

0.16, 0.67), though this had a small sample size (n = 8).
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We estimated the association between income and ADI associated with PTS symptoms, 

using linear mixed effect models at each timepoint (Supplemental Table 3). We found that 

both individual income and ADI state ranking were highly associated in the cross-sectional 

model. Individuals in households ≤ $35,000/year had a 3.13-point increase in PCL-5 

symptoms (95% CI: 1.54, 4.73) compared to those making between $35,000 and $75,000. 

Similarly, those making ≥ $75,000/year had a reduced incidence rate of −3.58 point change 

(95% CI: − 5.88, − 1.28). Controlling for individual income, the ADI state ranking decile 

also increased PCL-5 scores by 0.18 points (0.004, 0.37) for each decile.

Discussion

Our objective was to understand how income and neighborhood deprivation affect the 

relationship between PTS symptoms and substance use behaviors. We found that having 

lower income and living in neighborhoods with fewer resources were associated with 

tobacco and cannabis use, while higher income and less deprivation were associated with 

alcohol use over time. We found evidence that both household income and neighborhood 

deprivation modify the association of PTS symptoms and cannabis use cross-sectionally 

though not prospectively. Only household income showed some suggestive evidence of 

modifying the association of PTS symptoms and prospective tobacco and alcohol use, 

though this did not yield statistical significance in the interaction term.njj. We demonstrate 

that deprivation and income do not have a uniform association with these substances. These 

findings characterize the heterogeneity of the relationship between PTS symptoms and 

substance use behaviors, and have implications for tailoring interventions across different 

populations following a traumatic event.

Both individual income and ADI showed associations with PTS symptoms in Objective 1, 

which comports with prior literature [42]. Individuals in high deprivation areas may have 

an increased exposure to traumatic events and therefore risk of traumatic stress symptoms. 

There is a large body of evidence that traumatic events, such as motor vehicle crashes [43], 

and childhood injury [44] have geographic variability. Childhood traumatic events and a 

higher number of traumatic events in adulthood are both associated with lower SES [45, 

46], which may then create a higher exposure load and risk of PTS symptoms when later 

traumatic events occur [47, 48]. The ADI variable may be capturing a mixture of both 

geographic associations and socioeconomic status, resulting in some of this moderating 

effect. The additional stress associated with lack of resources, which can affect both quality 

of life and mental health, may further compound the independent effects of low household 

income [23]. Notably, despite ADI having multiple variables considered in its index besides 

average income (including education, employment, and housing quality), only income had 

the most pronounced and consistent effects, and neither education nor race/ethnicity showed 

major associations with substance use after adjustment in our sample.

Tobacco and cannabis also demonstrated associations with reduced income and higher 

deprivation (e.g., increased use with increased ADI). In the prospective analysis, only 

tobacco showed associations with lower income and higher deprivation, suggesting that 

while income and deprivation may be associated with future tobacco use, this was unlikely 

to affect later cannabis use when controlling for prospective PTS symptoms and other 
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sociodemographic factors. Cannabis, when stratifying in Objectives 2 and 3, demonstrated 

a paradoxical effect when comparing income and ADI; among lower deprivation (higher 

resource) areas, there was a positive association between PTS symptoms and cannabis 

use, but among lower incomes, there was an increased association of PTS symptoms 

and cannabis use. For cannabis in particular, given the proliferation of state-licensed 

dispensaries, those in less deprived areas may have access to purchase cannabis easily, with 

increased branding and normalization of use among upper socioeconomic classes. While 

individuals with lower incomes may use cannabis more often, there may also be a continued 

reckoning with the historic War on Drugs among lower socioeconomic classes [49, 50]. 

This may contribute to the bifurcation between neighborhood- and household-level factors. 

More work, potentially using qualitative or mixed methods, should investigate the nuances 

between area and income for this population.

When including both income and ADI as moderators in the association between PTSD 

and substance use outcomes, per Objective 4, there was no significant evidence that they 

interacted with one another beyond what was captured in the main effects. This suggests 

that they likely influence substance use behaviors independently. Given the complexity 

of these models, including when fitting with the parallel process, greater sample sizes to 

increase power may yield different results, as there were few individuals who reported high 

area deprivation but high income. More nuanced methods, such as qualitative interviews, 

may better describe the specific challenges individuals in discrepancy income/deprivation 

households may face. For example, some qualitative studies have described feelings of 

hopelessness related to community violence, and substance use being considered a socially 

acceptable coping mechanism to traumatic events compared to engaging with a historically 

stigmatizing or hostile medical system for care [51–53]. However, how this is impacted by 

neighborhood versus household characteristics separately remains a less investigated area.

Finally, it is notable that we did not have clear associations with self-reported race/ethnicity 

when controlling for income and ADI. Prior literature has demonstrated a consistent trend 

that Black Americans and Latinx Americans experience a higher prevalence of PTSD 

compared to White Americans [54–56]. These studies did not control for the ADI, which 

captures not only poverty or racial make-up of a census tract, but other markers of 

deprivation. These studies, therefore, may overstate the association of race/ethnicity with 

PTSD given the correlation of individual race/ethnicity with components of the ADI. This 

would result in confounding when ADI or similar neighborhood-level variables are not 

adjusted for in models. Other reasons we may not see this association is our sample may 

be due to selection bias, as our sample was not nationally representative but rather recruited 

trauma-exposed adults from EDs [55, 57, 58]. Given only certain types of traumatic events 

are likely to result in attending an ED, the type of traumatic event may confound prior 

studies due to the traumatic event type being associated with self-reported race/ethnicity. 

Studies have demonstrated that different racial/ethnic groups are more likely to experience 

certain traumatic events compared to others, and selection from the ED may effectively 

condition on certain traumatic event types and reduce this association.

Our study had a number of limitations, primarily that toxicological data was not available, 

and we therefore relied on self-reported past 30-day use of substances for our outcome 
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classification. This may be subject to social desirability bias, whereby individuals are 

hesitant to report their substance use, and our estimates may be biased towards the null 

as a result [59]. We also had longitudinal data, allowing us to ascertain substance use 

beyond what individuals felt comfortable disclosing in the ED. The subsequent waves, 

however, were subject to attrition, with fewer participants continuing by the end of the study 

compared to the beginning. While MICE did estimate the responses for these individuals, 

it remains an estimate and we were not able to directly observe all outcomes at each 

timepoint. Our cohort also has many motor vehicle accidents as the index event, which 

may lead to our findings not being generalizable to other trauma-exposed populations. 

Populations that, for example, are primarily related to natural disasters may not have 

the same risk of substance use at baseline. Our methods for assessing income were 

also limited; other measures of income beyond self-report may more accurately capture 

different income sources or additional income not perceived as part of the household, 

such as gift funds or undocumented income (e.g., “gigs”). We did not investigate specific 

dimensions of PTS symptoms, but maintained the full scale, thereby reducing potential 

nuances between symptom types. We also stratified our analyses by categorizing continuous 

ADI or grouping income levels, which may further obfuscate more subtle between-group 

differences. Additionally, our null effects in the interaction models, especially the three-way 

interactions, may reflect being underpowered rather than a true null effect, and should 

be replicated in larger sample sizes. We believe our suggestive findings, however, offer 

an important exploration of the multi-faceted relationship between household income and 

neighborhood characteristics that may serve as the basis for future, larger studies. There may 

also be unmeasured confounders we did not include in our assessment, which could further 

impact the relationship of PTS symptoms and substance use. Finally, we acknowledge 

that there may not be a direct effect from these socioenvironmental factors, rather they 

may reflect some other unmeasured factor also associated with household income and area 

deprivation.

Conclusions

We found that household income showed some evidence of effect modification of the 

relationship between PTSD and alcohol and cannabis. We found evidence that ADI was 

associated with both PTS symptoms and substance use in our sample, but there was little 

evidence of effect modification. There was minimal evidence that gender modified the 

relationship between ADI, income, or PTS symptoms and their effects on substance use. 

These findings suggest that not all socioeconomic variables demonstrate the same level of 

association or modification with this comorbidity, and that income is the strongest moderator 

of the PTSD-SUD association in this sample.
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Fig. 1. 
Substance use at six timepoints post-traumatic event, stratified by income and state-specific 

area deprivation index. “Low income” was determined as self-reported household income 

less than $50 k/year, “high income” was determined as self-reported household income 

greater or equal to $50 k/year, and “No report income” was determined as not reporting 

any household income. “High ADI” was determined as state-specific area deprivation 

index percentile greater than the 60th percentile, while “Low ADI” was determined as 

state-specific area deprivation index percentile less than or equal to the 60th percentile. Time 

1 was equivalent to baseline emergency department visit, time 2 was 2 weeks post-traumatic 

event, time 3 was 8 weeks, time 4 was 3 months, time 5 was 6 months, and time 6 was 12 

months
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