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Abstract
Background
Injection drug use (IDU) remains the strongest risk factor for hepatitis C virus (HCV) in the United States. HCV rates are increasing in rural areas among young adult people who inject drugs (PWID). People with HCV and PWID have disproportionate rates of mental health problems; however, it is unclear whether risky injection behaviors mediate the association between mental health problems and HCV. We examined the association between mental health problems and HCV in a rural cohort of young adult PWID, with the goal of informing rural service delivery.

Methods
We conducted a secondary analysis of cross-sectional data from a convenience sample of young adult PWID in 2 rural counties in New Mexico. Participants were recruited from 2 community venues between September 2016 and May 2018. Associations between mental health problems and HCV were examined using bivariate (Fisher’s exact) and multivariable modified Poisson regression analyses (with robust standard errors). Using structural equation modeling (SEM), we assessed duration of IDU and receptive syringe sharing (RSS) as mediators of this relationship.

Results
A total of 263 patients were enrolled, with a median age of 26.1 years. The majority were male (66.3%) and Hispanic/Latino (a) (87.6%). The median age first injected was 19 years, and over half reported having ever engaged in RSS (53.4%). At least one mental health problem was reported by 60.1% of participants, with post-traumatic stress disorder (PTSD) being the most prevalent condition (42.2%). A majority (60.9%) tested positive for HCV antibody, and just under half (45.7%) of all participants tested positive for HCV ribonucleic acid. In SEM, PTSD had a significant total effect on HCV (τ = 0.230, P = 0.05), and this relationship was partially mediated by duration of IDU (αβ = 0.077, P = 0.03). The association between mental health problems and HCV was partially mediated by duration of IDU and the sequential mediation of duration of IDU and RSS (αβ + αββ = 0.091, P = 0.05).

Conclusions
High HCV rates among young adult PWID in rural New Mexico may be partly explained by mental health problems, duration of IDU and RSS. Mental health services for young adult PWID in rural areas may help decrease HCV transmission in rural areas.
Trial Registration N/A.
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Background
Injection drug use (IDU) remains the strongest risk factor for acquisition of hepatitis C virus (HCV) in the United States (US) [1, 2]. Over the past decade, HCV incidence has increased among younger people who inject drugs (PWID) in both urban and rural areas of the US [1, 3, 4]. An analysis of national surveillance data showed a 13% annual increase in HCV incidence in young persons in non-urban counties, compared to 5% annually in urban counties [3]. The Centers for Disease Control & Prevention performed an analysis of counties vulnerable to HIV and HCV infections among PWID, and found that the counties were overwhelmingly rural [5]. Among PWID, certain risk factors for HCV acquisition are well-established, including frequency of injection, duration of IDU, and sharing of injecting equipment, including receptive syringe sharing (RSS) and sharing previously used ancillary equipment [6–9].
Mental health problems have been demonstrated to be over-represented among young PWID [10]. Notably, the prevalence of adverse childhood events is up to 80% in patients seeking treatment for substance use disorders (SUDs), and rates of post-traumatic stress disorder (PTSD) can be as high as 30–60% [11, 12]. There is less research available focusing on mental health problems and PTSD among people with SUDs in rural settings. Still, one cohort of patients receiving buprenorphine treatment in West Virginia found high (> 4 categories) adverse childhood events scores in 54.3% of patients, with a higher proportion among females compared to males [13].
Additionally, research suggests that a history of mental health problems is associated with increased risky injection behaviors among PWID. For example, several studies have found an association between depression and syringe sharing [14–19], as well as frequency of injection [14, 20]. A Canadian cohort study of PWID found an association between traumatic life events and depressive symptoms, as well as depressive symptoms and frequency of sharing injecting equipment [21]. Several studies have shown an association between early childhood trauma and an earlier age of first drug use [22–24]. Younger age of onset of IDU is associated with riskier injection behaviors [25]. While most studies of injection risk behavior have occurred in urban settings, a cohort of PWID in rural Appalachia showed rates of RSS comparable to urban-based populations [26].
It is also known that HCV prevalence is higher among people with mental health problems. One case–control study conducted among hospitalized veterans in the 1990s reported that psychiatric conditions were significantly more likely among HCV-infected patients than HCV-negative patients [27]. Among patients hospitalized with mental health problems in Switzerland, HCV prevalence was higher than that of the general population [28]. In North America, pooled data suggest an HCV prevalence of 17.4% among patients with serious mental illness, compared to 1% in the general population [29].
Despite the evidence above separately showing associations between mental health problems and IDU, between mental health problems and risky injection behaviors, and between mental health and HCV, it has not been firmly established whether the association between mental health and HCV infection is mediated by risky injection practices. Furthermore, the majority of existing research on these relationships has been conducted in cohorts of urban PWID, with few studies including PWID that reside in rural areas. Given the increasing vulnerability of rural communities to IDU-associated infections [30], it is particularly important to perform research that informs targeted services in these settings. Using data from a cohort of young adult PWID in rural New Mexico, we sought to examine the association of mental health problems with HCV infection, and to examine whether specific injection practices were mediating factors of this relationship. The results may be used to improve addiction treatment services, as well as related prevention services that are focused on reducing risky drug injection behaviors and HCV incidence among young adults in rural areas.
Methods
Study aim
To examine the association between mental health problems and HCV infection in a rural population of young adult PWID. Additionally, we sought to test the following hypothesized theoretical model: mental health problems such as post-traumatic stress disorder (PTSD) may lead to earlier initiation into IDU and riskier injection practices, which may ultimately lead to HCV acquisition.
Study design, setting and participants
The parent study, named ¡VÁLE!, was a prospective observational study of young adult PWID living in rural areas of New Mexico. The full study protocol is described elsewhere [31]. In brief, the study was conducted in two rural counties of New Mexico. In Rio Arriba County in northern New Mexico, a convenience sample of participants was recruited from September 2016 through May 2018 by screening interested clients of The Mountain Center, a community-based program that hosts a syringe service program as well as other co-located services for PWID. In Doña Ana County in southern New Mexico, participants were recruited from September 2016 through July 2017 by an outreach team in the parking lot of a drop-in center offering harm reduction and health referral services. Eligible participants were 18–29 years old with self-reported IDU in the past 90 days, with no plans of leaving the general area within the following year.
Study procedures
This secondary analysis utilized cross-sectional data collected at the baseline visit of the ¡VÁLE! Study. The baseline survey included sociodemographic characteristics, exposure risk, drug use history (e.g., age at first drug use), injection behavior (including age first injected) and injecting-related exposures. The injection behavior section asked about risky injection practices, including RSS. The mental health section included questions on prior diagnoses of mental health problems, engagement in mental health services, and medications for mental health conditions. The questionnaire also asked about whether participants desired but did not engage in mental health services and the reasons(s) for lack of engagement. Participants were tested for HCV with an antibody test as well as ribonucleic acid (RNA) test. Participants received a $15 Visa merchandise card for completing the baseline visit.
Exposures, confounders, mediators, & outcome definitions
Exposures
Mental health problems were treated as exposures in the systematic equation modeling (SEM) analysis. Individuals were classified as having any mental health problems if they reported having been diagnosed by a health care provider with at least 1 of the following mental health problems: depression, anxiety, bipolar disorder, borderline personality disorder, schizophrenia, attention deficit disorder/hyperactivity disorder (ADD/ADHD), or PTSD.
Confounders
Self-reported data including demographic variables such as age, sex, education, marital status, and race/ethnicity were assessed as potential confounders. We also incorporated educational attainment, insurance status, and history of commercial sex work.
Mediators
IDU history and practices were examined as mediators, including: age first injected, duration of IDU, and RSS.
History of HCV infection
Participants were classified into two groups. Those who had a positive anti-HCV antibody or positive HCV RNA test were defined as having a history of HCV infection. Those with negative anti-HCV and negative HCV RNA tests were defined as having no history of HCV infection. We did not distinguish between previously infected (antibody positive but RNA negative) and currently infected (i.e. RNA positive) patients in our regression analyses, as we were ultimately interested in their risk of exposure, rather than likelihood of self-clearance or treatment (which would affect their current infection status).
Statistical analyses
Unless otherwise stated, all analyses were generated using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA). Data are presented as frequencies and percentages for categorical variables and as median and interquartile range (IQR) for continuous variables.
To help identify variables to include in the mediation analyses, we examined the bivariate association between history of HCV infection and the following variables: age first injected, duration of IDU, engagement in RSS, sex at birth, and demographic variables specified above. We also examined bivariate associations between mental health indicators (PTSD diagnosis, any mental health problems), and history of HCV infection, as well as the same set of variables above: age first injected, duration of IDU, engagement in RSS, sex at birth, and other demographic variables. Among mental health problems, PTSD was chosen for separate analysis due to its central role in our theoretical model, in which trauma was the initiating event, and because it was the most prevalent mental health problem reported.
Multivariable modified (robust) Poisson regression (with robust standard errors) was used to estimate the adjusted prevalence ratios (PR) and 95% confidence intervals (95% CI) [32]. For selecting variables to include in the Poisson regression, we chose an approach suggested by Agresti et al., [33]: we started with an a priori list of clinically and epidemiologically important variables. Given the relatively small sample size and discrete distributions of the dependent variables, variables deemed to be significant in the bivariate analyses at a P-value ≤ 0.1 were included in the multivariable modified Poisson regression, as they were suggestive of an effect that warrants further study.
We tested the linearity assumption between each continuous predictor and the dependent variables using cumulative residuals [34]. We also checked multi-collinearity between independent variables. The linearity check indicated that the relationships between duration of IDU and history of HCV infection; between the age first injected and PTSD; and between the age first injected and any mental health problems were not linear (Additional file 1: Tables S3–S5). Therefore, we added the necessary quadratic or cubic terms for duration of IDU or the age first injected in the relevant models (Table 2). The multi-collinearity check showed that the duration of IDU and age first injected were highly correlated and demonstrated collinearity. Therefore, based on model fit, we incorporated only one of the two variables in any Poisson regression models (Table 2).
Path analyses
An (SEM) framework was used to examine the following proposed theoretical model: Mental health problems→ earlier age first injected/longer duration of IDU→RSS→history of HCV infection (Fig. 1).[image: $${\text{Legend}}:{\text{ HCV }} = {\text{ Hepatitis C Virus}}.{\text{ IDU }} = {\text{ Injection Drug Use}}$$]
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Fig. 1Theoretical model of the mediated association between mental health problems and HCV history. Legend: HCV = Hepatitis C Virus. IDU = Injection Drug Use


We hypothesized that this relationship was confounded by age at enrollment, gender, race/ethnicity, education, marital status, insurance status, and commercial sex work. Therefore, we estimated the total, direct (the path from mental health problems to HCV), and indirect (the path from mental health problems to HCV via the mediators) effects of mental health problems on HCV infection. We used the cross-product method to calculate the indirect effects, which is equal to the product of the coefficient (α) of the path from mental health problems to the mediator, and the coefficient (β) of the path from the mediator to HCV. The total effect (τ) was estimated as the sum of the direct effect coefficient (τ’) and the indirect effect αβ. We first evaluated the theoretical model and then modified it to identify the model that best fits the data. We used coefficient significance, root mean square error of approximation (RMSEA), comparative fit index (CFI), Akaike information criterion (AIC) and Bayesian information criterion (BIC) [35] to identify the model that best fits the data. The SEM analysis was conducted with Mplus 8.6 [36].
Results
Baseline data was available for 263 participants. Baseline characteristics are displayed in Table 1 and Additional file 1: Table S1. The median age of participants was 26.1 years (IQR 22.6, 28.2). The majority were Hispanic (87.6%), white (58.8%), single/never married (82.4%), had insurance (91.9%, of which 88.9% were on Medicaid), and had a level of education of high school/GED or above (62.9%). The median age first injected drugs was 19 years (IQR 17.0, 23.0), and slightly more than half of the participants (53.4%) reported engaging in RSS. A minority (1.1%) had been involved in commercial sex work in the last three months. A majority (60.9%) tested positive for HCV antibody, and just under half (45.7%) of all participants tested positive for HCV ribonucleic acid.Table 1Bivariate associations of history of HCV infection, PTSD, mental health problems, and population characteristics


	Variables
	Total (N = 263)
	History of HCV infection (N = 168)
	PTSD (N = 111)
	Any mental health problems (N = 158)

	n (median)
	% (IQR)
	n (median)
	% (IQR)
	n (median)
	% (IQR)
	n (median)
	% (IQR)

	Age in years
	26.1
	(22.6–28.2)
	26.9
	(24.0–28.4) †
	26.7
	(22.6–28.2)
	26.2
	(22.5–28.2)

	Age category

	   < 25 years
	107
	41.0%
	53
	50.0% †
	44
	41.1%
	67
	62.6%

	 25 years 
	154
	59.0%
	115
	75.7%
	67
	43.5%
	91
	59.1%

	Duration of IDU (years)
	4.2
	(2.0–8.6)
	5.4
	(3.3–9.6) †
	4.9
	(2.6–8.8)
	4.6
	(2.1–8.6)

	Age first injected
	19.0
	(17.0–23.0)
	19.0
	(17.0–22.0) †
	19.0
	(17.0–23.0)
	19.0
	(17.0–23.0)

	Sex at birth

	 Male
	148
	56.7%
	101
	69.2%
	50
	33.8% †
	77
	52.0% †

	 Female
	113
	43.3%
	67
	59.8%
	61
	54.0%
	81
	71.7%

	Hispanic/Latino (a)

	 Yes
	227
	87.6%
	146
	64.9%
	92
	40.5%
	133
	58.6% †

	 No
	32
	12.4%
	21
	67.7%
	18
	56.3%
	24
	75.0%

	Race

	 White
	151
	58.8%
	94
	63.5%
	66
	43.7%
	96
	63.6%

	 Black
	7
	2.7%
	2
	28.6%
	4
	57.1%
	5
	71.4%

	 Othera
	99
	38.5%
	68
	68.7%
	41
	41.4%
	55
	55.6%

	Education

	 Less than high school
	95
	37.1%
	62
	66.0%
	37
	39.0%
	52
	54.7%

	 High school/GED and above
	161
	62.9%
	104
	64.6%
	74
	46.0%
	106
	65.8%

	Marital Status

	 Single/Never married
	211
	82.4%
	131
	62.4% †
	87
	41.2%
	126
	59.7%

	 Not single
	45
	17.6%
	35
	77.8%
	24
	53.3%
	32
	71.1%

	Insurance/Medicaid

	 On Medicaid
	200
	81.0%
	135
	67.8%
	86
	43.0%
	126
	63.0%

	 On non-Medicaid insurance
	27
	10.9%
	16
	59.3%
	16
	59.3%
	19
	70.4%

	 No insurance
	20
	8.1%
	11
	55.0%
	5
	25.0%
	9
	45.0%

	Commercial sex work in last three months

	 Yes
	3
	1.1%
	3
	100%
	2
	66.7%
	2
	66.7%

	 No
	260
	98.9%
	165
	64.7%
	109
	41.9%
	156
	60.0%

	Positive HCV antibody

	 Reactive
	156
	60.9%
	156
	100%
	73
	46.8%
	101
	64.7%

	 Non-reactive
	100
	39.1%
	10
	10%
	37
	37.0%
	55
	55.0%

	Positive HCV RNA

	 Reactive
	105
	45.7%
	105
	100%
	45
	42.9%
	67
	63.8%

	 Non-reactive
	125
	54.3%
	39
	31.2%
	51
	40.8%
	74
	59.2%

	Receptive syringe sharing

	 Yes
	135
	53.4%
	104
	77.0% †
	56
	41.5%
	87
	64.4%

	 No
	118
	46.6%
	61
	51.7%
	54
	45.8%
	69
	58.5%


Bold text indicates significance at < 0.10 level, bold text with † indicates significance at < 0.05 level
HCV Hepatitis C Virus. IDU Injection Drug Use. PTSD Post-Traumatic Stress Disorder. RNA Ribonucleic acid
aOther: self-reported as mixed, bi-, or multi-racial, or did not specify



Among the 263 participants, 158 (60%) reported at least one mental health problem. PTSD was the most prevalent condition (42.2%), followed by anxiety (41%), depression (37.3%), and ADD/ADHD (21.3%) (see Additional file 2: Table S2).
In bivariate analyses, a history of HCV infection was associated at p-value < 0.10 with age, duration of IDU, race, marital status, and RSS. PTSD was associated at p-value < 0.10 with duration of IDU, sex, race, and being on non-Medicaid insurance. Having any mental health problems was associated at p-value < 0.10 with female sex, ethnicity, education, and insurance status. (See Table 1).
Multivariable model
PWID who were 25 years old and above had a higher probability of a history of HCV infection than those who were younger than 25 years old [PR(95% CI) 1.34 (1.08, 1.66) (p < 0.01) (see Table 2). PWID who engaged in RSS had a higher probability of a history of HCV infection [1.33 (1.11, 1.61)] (p < 0.01) than those who did not engage in RSS. PWID who engaged in commercial sex work in the last three months were more likely to have a history of HCV infection than those who did not [1.65 (1.30, 2.10)] (p < 0.01), although the sample of those reporting commercial sex work was only 3 individuals. Female PWID were more likely to have PTSD [1.62 (1.21, 2.17)] (p = 0.001) and any mental health problems [1.43 (1.18, 1.73)] (p < 0.001) compared to male PWID. Non-Hispanic PWID were more likely than Hispanic PWID to have PTSD [1.33 (0.95, 1.85)] (p < 0.10) and any mental health problems [1.25 (1.01, 1.54)] (p = 0.04). PWID who were on non-Medicaid insurance were more likely to have PTSD [1.47 (1.06, 2.03)] (p = 0.02) than those who were on Medicaid insurance, although the sample of non-Medicaid insurance was considerably smaller (27), than those on Medicaid insurance (200). PWID who had a history of HCV infection were more likely to have PTSD than those who did not have a history of HCV infection [1.42 (1.03, 1.96)] (p = 0.03). PWID with less than a high school level of education were more likely to have any mental health problems than those with high school education/GED or above [1.22 (0.99, 1.50)] (p = 0.07).Table 2Adjusted modified (robust) Poisson regression models for history of HCV infection, PTSD, and any mental health problems


	Variables
	HCV infection
	PTSD
	Any mental health problems

	Relative Risk
	P-value
	Relative Risk
	P-value
	Relative Risk
	P-value

	Sex at birth

	 Male
	 	 	Ref
	 	Ref
	 
	 Female
	 	 	1.62 (1.21, 2.17)
	 < 0.01
	1.43 (1.18, 1.73)
	 < 0.01

	Age category

	  >  = 25 years
	1.34 (1.08, 1.66)
	 < 0.01
	 	 	 	 
	  < 25 years
	Ref
	 	 	 	 	 
	Duration of IDU
	1.35 (1.10, 1.66)
	 < 0.01
	 	 	 	 
	Duration of IDU quadratic
	0.97 (0.94, 0.99)
	0.02
	 	 	 	 
	Duration of IDU cubic
	1.00 (1.00, 1.00)
	0.02
	 	 	 	 
	Age first injected
	 	0.76 (0.64, 0.89)
	 < 0.01
	0.83 (0.73, 0.95)
	 < 0.01

	Age first injected quadratic
	 	1.01 (1.00, 1.01)
	 < 0.01
	1.00 (1.00, 1.01)
	0.02

	Receptive syringe sharing

	 Yes
	1.33 (1.11, 1.61)
	 < 0.01
	0.80 (0.60, 1.06)
	0.12
	1.04 (0.85, 1.27)
	0.74

	 No
	Ref
	 	Ref
	 	Ref
	 
	Hispanic/Latino (a)

	 Yes
	 	Ref
	 	Ref
	 
	 No
	 	1.33 (0.95, 1.85)
	0.10
	1.25 (1.01, 1.54)
	0.04

	Marital Status

	 Single/Never Married
	Ref
	 	 	 	 	 
	 Not Single
	1.11 (0.92, 1.34)
	0.26
	 	 	 	 
	Insurance/Medicaid

	 On Medicaid
	 	Ref
	 	 	 
	 On non-Medicaid Insurance
	 	1.47 (1.06, 2.03)
	0.02
	 	 
	 Not on insurance
	 	0.67 (0.31, 1.46)
	0.32
	 	 
	Commercial sex work in last 3 months

	 Yes
	1.65 (1.30, 2.10)
	 < 0.01
	 	 	 	 
	 No
	Ref
	 	 	 	 	 
	History of HCV infection

	 Yes
	 	1.42 (1.03, 1.96)
	0.03
	1.16 (0.93, 1.45)
	0.18

	 No
	 	Ref
	 	Ref
	 
	Education

	 Less than high school
	 	 	 	1.22 (0.99, 1.50)
	0.07

	 High school/GED and above
	 	 	 	Ref
	 

Any variables that were hypothesized to be associated with the dependent variable, in addition to any variables with p < 0.10 significance, were included in the modified robust Poisson simple regression model. A blank space indicates that the variable was not used in the regression model for that dependent variable
GED General educational development. HCV Hepatitis C Virus. IDU Injection drug use. PTSD Post-Traumatic stress disorder



We detected a significant non-linear association between age first injected and PTSD, age first injected and having any mental health problem, as well as between duration of IDU and HCV infection. Specifically, there were convex relationships between age first injected and PTSD, and between age first injected and having any mental health problems (models included quadratic term). On the other hand, there was a concave relationship between duration of IDU and HCV infection (quadratic term). There was a positive cubic trend, indicating that the quadratic trend is increasingly positive with the increase of duration of IDU. For all outcomes, results of the models that include (i) the linear terms only, (ii) the quadratic terms, and (iii) the cubic terms are shown in the Additional file 2: Table S3, Additional file 3: Table S4, and Additional file 4: Table S5, respectively.
Path analyses
Association between PTSD and history of HCV infection
The model had a good fit (CFI = 0.93, RMSEA (90% CI) 0.057 (0.0,0.102), SRMR = 0.077). Adjusting for covariates, participants with longer duration of IDU (β = 0.120, P < 0.01) were more likely to have a history of HCV infection. In addition, PTSD (α = 0.635, P = 0.01), age (β = 0.372, P < 0.01), and female sex (β = -1.630, P =  < 0.01) were significantly associated with duration of IDU. Hispanic participants were less likely to report PTSD than non-Hispanic participants (β = -0.446, P = 0.06), and females were more likely to report PTSD than males (β = 0.512, P =  < 0.01). We identified a significant indirect effect (αβ = 0.077 P = 0.03) between PTSD and history of HCV infection. More specifically, earlier initiation of IDU mediated the effect of PTSD on HCV history. Adjusting for the mediator, the direct path from PTSD to HCV was not significant (τ’ = 0.153, P = 0.19) (Table 3, Fig. 2). RSS was not associated with PTSD; therefore, the path between PTSD and RSS was not retained in the final model.Table 3Unstandardized results of HCV on PTSD mediation analysis


	 	Estimate
	S.E
	Est./S.E
	P-Value
(Two-Tailed)

	History of HCV infection regressed on

	 Age in years
	0.057
	0.030
	1.894
	0.06

	 Duration of IDU
	0.120
	0.029
	4.186
	 < 0.01

	 Receptive syringe sharing
	0.625
	0.140
	4.472
	 < 0.01

	 PTSD
	0.153
	0.116
	1.324
	0.19

	Duration of IDU regressed on

	 PTSD
	0.635
	0.248
	2.559
	0.01

	 Age in years
	0.372
	0.079
	4.712
	 < 0.01

	 Female
	− 1.630
	0.490
	− 3.323
	 < 0.01

	 Single
	− 0.994
	0.577
	− 1.724
	0.09

	PTSD regressed on

	 Female
	0.512
	0.166
	3.079
	 < 0.01

	 Hispanic/Latino
	− 0.446
	0.240
	− 1.857
	0.06

	Effects from PTSD to duration of IDU to HCV history

	 Total
	0.230
	0.118
	1.943
	0.05

	 Indirect
	0.077
	0.035
	2.197
	0.03

	 Direct
	0.153
	0.116
	1.324
	0.19


HCV Hepatitis C Virus. IDU Injection Drug Use. PTSD Post-Traumatic Stress Disorder. S.E Standard Error


[image: ]
Fig. 2Path analysis, direct and indirect effects of PTSD on HCV history. Legend: HCV = Hepatitis C Virus. IDU = Injection Drug Use. PTSD = Post-Traumatic Stress Disorder. RSS = Receptive Syringe Sharing


Association between any mental health problems and history of HCV infection
The model depicting the association between any mental health problems and history of HCV infection had an excellent fit (CFI = 1, RMSEA (90% CI) 0 (0,0.021), SRMR = 0.052). Results were in the same direction observed for the PTSD/history of HCV infection model, although the total effect of having any mental health problems was not significantly associated with HCV (τ = 0.19, P = 0.12). There was, however, a significant indirect relationship between any mental health problems and HCV, such that the association was partially mediated by duration of IDU and the sequential mediation of duration of IDU and RSS (total indirect effect = αβ + αββ = 0.091, P = 0.05). (Table 4, Fig. 3).Table 4Unstandardized results of HCV on any mental health problems mediation analysis


	 	Estimate
	S.E
	Est./S.E
	P-value (Two-Tailed)

	History of HCV infection regressed on

	 Age in years
	0.053
	0.032
	1.649
	0.10

	 Receptive syringe sharing
	0.375
	0.124
	3.021
	 < 0.01

	 Duration of IDU
	0.122
	0.029
	4.178
	 < 0.01

	 Any mental health problems
	0.096
	0.114
	0.842
	0.40

	Duration of IDU regressed on

	 Any mental health problems
	0.607
	0.272
	2.232
	0.03

	 Age in years
	0.376
	0.081
	4.643
	 < 0.01

	 Female
	− 1.732
	0.510
	− 3.395
	 < 0.01

	 Single
	− 1.175
	0.602
	− 1.950
	0.05

	Receptive syringe sharing regressed on

	 Duration of IDU
	0.272
	0.069
	3.917
	 < 0.01

	Any mental health problems regressed on

	 Female
	0.527
	0.167
	3.147
	 < 0.01

	 Hispanic/Latino
	− 0.555
	0.283
	− 1.961
	0.05

	Effects from any mental health problems to duration of IDU/RSS to HCV history

	 Total
	0.187
	0.119
	1.573
	0.12

	 Total indirect
	0.091
	0.045
	2.002
	0.05

	 Indirect via duration of IDU
	0.074
	0.038
	1.963
	0.05

	 Indirect via duration of IDU-> RSS
	0.017
	0.011
	1.531
	0.13

	 Direct
	0.096
	0.114
	0.842
	0.40


HCV Hepatitis C Virus. IDU Injection Drug Use. S.E. Standard Error
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Fig. 3Path analysis, direct and indirect effects of mental health problems on HCV history. Legend: HCV = Hepatitis C Virus. IDU = Injection Drug Use. RSS = Receptive Syringe Sharing


Discussion
In a cohort of young PWID living in rural areas of New Mexico, a self-reported history of PTSD was significantly associated with history of HCV infection, and this relationship was partially mediated by duration of IDU. We observed an indirect association between having any mental health problems and HCV infection, which was partially mediated by duration of IDU. While RSS itself was significantly associated with HCV infection, it did not appear to serve as a mediator of the relationship between PTSD and HCV infection. The association between mental health problems and HCV infection was partially mediated by the sequential mediation of duration of IDU and RSS. In this cohort, we found a high prevalence of mental health problems (60%), and PTSD (42%) in particular.
Our study adds to the body of literature that has shown that mental health problems are associated with risky injection practices. [14, 18, 21, 22]. Our study goes a step further in delineating the nuances of these relationships using SEM. Our theoretical model was partially supported by our SEM analysis; the relationship between mental health problems, specifically PTSD, and HCV infection was at least partially mediated by duration of IDU and sequential mediation of duration of IDU and RSS.
The prevalence of PTSD in this cohort is consistent with the 30% to 59% prevalence reported in PWID or people with SUDs in other studies, with higher rates among females [37–39]. Many of these studies were completed in urban areas. Few prior studies have investigated the impact of rurality on PTSD in PWID, although research suggests that individuals with opioid use disorder in rural areas may have higher rates of exposure to traumatic events in childhood [13]. In our cohort of PWID in rural New Mexico, PTSD rates were comparable to similar populations in urban settings.
There were some interesting and unexpected findings. For example, our analysis found that females were more likely to report PTSD, but females had an older age of onset of IDU. Previous studies examining sex differences in mental health among PWID have reported mixed findings. National data suggests that women with SUDs are more likely to have co-occurring mood disorders [40]. A cohort in Canada found that female PWID were more likely to have mental health problems at study entry and they were also more likely to be diagnosed with mental health problems during follow-up [41]. In one Canadian cohort examining injecting behaviors and psychological distress, the relationship between psychological distress, binge drug injection, and sharing injection equipment was weaker among women than among men [42, 43]. However, in another cohort, females were more likely to share needles, sharers reported higher levels of depression than non-sharers, and female sharers reported the highest levels of depression in all groups [44].
Our study also found that individuals who identified as Hispanic (the majority of the sample) were less likely to report a history of PTSD or other mental health problems, although the confidence in this conclusion is limited by the small sample size of non-Hispanic individuals in our cohort. One possible explanation is underdiagnosis: it has been posited that racial/ethnic differences between clinicians and clients may contribute to clinician difficulties in accurate assessment and diagnosis of client’s symptoms [45]. Alternatively, there may also be true race/ethnicity differences in rates of mental health problems. Investigators have examined this phenomenon, with some studies suggesting lower lifetime prevalence of mental disorders in Black, Latino, and Asian individuals, compared to White individuals. However, this effect may be largely mediated by whether the individual or their parent is foreign-born (not assessed in our study), as foreign-born individuals have been found to have lower rates of lifetime mental disorders, the so-called “immigrant paradox”[46, 47]. A final explanation could be differential item functioning, in which Hispanic and non-Hispanic individuals understood the questionnaire differently. Investigators have examined the complex interplay of these factors in PTSD assessment by race/ethnicity [48]. Finally, it is worth noting that there is substantial heterogeneity among characteristics of people in the US who identify as Hispanic or Latino, and studies have found different rates of mental health and SUDs for Mexican, Cuban, and Puerto-Rican individuals [49].
Notably, a high proportion of our participants (91.9%) had insurance, and 76% of the total sample was on Medicaid. This is a similar proportion to that seen in analysis of healthcare insurance status among PWID in urban settings across the USA in 2018, which found that in Medicaid expansion states, 71% had Medicaid coverage (vs 14% in non-Medicaid expansion states) [50]. New Mexico implemented expanded Medicaid in 2014, before our study period, and it is encouraging to see the reach of this expanded access to rural counties. An analysis of naloxone access disparities in Southeast Michigan (another Medicaid expansion state) found similar high levels of insurance (91–92%) in both urban and rural/suburban settings [51].
Our study has several important implications for addiction treatment and HCV prevention services for young adult PWID in rural settings. Given the complex interplay between mental health (particularly PTSD), early injection initiation, risky injection practices, and HCV acquisition, services that focus on improving the well-being of PWID may benefit from an integrated, multidisciplinary approach. Harm reduction programs (such as syringe service programs), behavioral health services, and infectious disease providers are likely to have improved efficacy if they act in concert, screening for and addressing multiple interacting comorbidities. Further, given the high prevalence of PTSD and mental health problems among this young cohort and its association with earlier injection initiation, this cascade of risk may be initiated by adverse childhood events, as has been suggested by several studies in the literature [52, 53]. Screening and intervention for adverse childhood events early in life may be beneficial, and treatment services should be appropriate for young people with SUDs, who often have lower rates of treatment [54]. Early identification of traumatic events and mental health problems among young adult PWID should be expanded in rural addiction treatment programs, general medical settings, and community-based harm reduction programs. Given that many rural communities have been identified as high risk for HCV outbreaks [5], and have also been identified as healthcare shortage areas [55], federal assistance may be needed to facilitate implementation of these services into existing addiction treatment programs in rural areas.
Our study has some methodological limitations. First, we rely on self-reported data, which is subject to potential recall and reporting bias. Second, the temporality of relationships cannot be fully extrapolated from our cross-sectional data. For example, our hypothesis is that trauma may have preceded PTSD, which may have preceded IDU and HCV acquisition. But it is also possible that IDU began prior to experiencing trauma and PTSD, and it is also possible that HCV acquisition preceded any of the other factors. Lastly, our data does not include information on the severity of mental health. Some studies among PWID have used depression scales and other instruments to measure severity, while our survey asked only about a history of being diagnosed with a condition. Additionally, prospective studies are needed to determine whether improved integration of mental health care and/or trauma-informed services reduces risky injection drug practices and HCV incidence among young PWID in rural areas.
Conclusions
In a cohort of young rural PWID in New Mexico, we found that PTSD is associated with a history of HCV infection, and that this relationship is mediated by duration of IDU. The relationship between any mental health problems and HCV infection is mediated by duration of IDU, as well as sequential mediation of duration of IDU and RSS. Prevention of risky injection practices and integrated trauma-informed mental health care may be critical components of addiction treatment in rural areas and may inform broader community efforts to reduce HCV incidence in rural communities.
Acknowledgements
We would like to acknowledge Michaelle Destinoble for her contributions in team coordination and management. We are grateful to all the participants in the study whose time and responses were so informative for this study. We acknowledge Phil Fiuty from the Mountain Center for his contribution to the study implementation.

Author contributions
AG provided significant contributions in conception, data analysis, interpretation, manuscript drafting and revision. FMS provided significant contributions in data analysis, interpretation, manuscript drafting and revision. YT provided significant contributions in data analysis, interpretation,manuscript drafting and revision. KW provided significant contributions in conception, design, data acquisition, data analysis, interpretation, and manuscript revision. IB provided significant contributions in conception, interpretation, and manuscript revision. KP provided significant contributions in conception, design, data acquisition, interpretation, manuscript drafting and revision. EW provided significant contributions in conception, design, interpretation, and manuscript revision. All authors read and approved the final manuscript.

Funding
This study was supported by the Centers for Disease Control and Prevention support from a cooperative agreement with the CDC (1U18PS004568; PI: K Page). Additional funding for personnel and study supplies was provided by Gilead Sciences, Inc. Funding agencies did not participate in treatment decisions or manuscript preparation. The study also received programmatic and logistical support from the University of New Mexico (UNM) Clinical and Translational Sciences Center (1 ULTR001449; PI: Larson R.), Project ECHO®, Creative Testing Solutions©, the New Mexico Department of Health, the Santa Fe Mountain Center, and the Molecular Epidemiology Laboratory in the UNM Health Sciences Center, Division of Epidemiology, Biostatistics, and Preventive Medicine. The study was also supported by Grant Number T32 AI007433 as well as K24AI141036 from the National Institute of Allergy and Infectious Diseases. Additionally, the study was supported by the Weissman Family Massachusetts General Research Scholar Award, funded by the Massachusetts General Hospital Executive Committee on Research. The manuscript contents are solely the responsibility of the authors and do not necessarily represent the official views of the funding entities.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not publicly available due to lack of data sharing acknowledgement of de-identified data in the consent and IRB protocol. The request for data sharing can be considered on a case-by-case basis with a formal data sharing agreement between institutions.

Declarations
Ethics approval and consent to participate
The University of New Mexico Health Sciences Center Institutional Review Board reviewed and approved the study. All participants provided written informed consent to participate. The study received a Federal Certificate of Confidentiality to enhance privacy protections due to the sensitive nature of the data collected. The Mass General Brigham Institutional Review Board deemed the research to be Not Human Subjects Research, as all data was de-identified by the time of MGB staff engaging with the study.

Consent for publication
Not applicable.

Competing interests
Authors have nothing to disclose.


References
	1.
Klevens RM, Hu DJ, Jiles R, Holmberg SD. Evolving epidemiology of hepatitis C virus in the United States. Clin Infect Dis. 2012;55(Suppl 1):S3-9.PubMed

	2.
Hagan H, Pouget ER, Des Jarlais DC, Lelutiu-Weinberger C. Meta-regression of hepatitis C virus infection in relation to time since onset of illicit drug injection: the influence of time and place. Am J Epidemiol. 2008;168:1099–109.PubMedPubMedCentral

	3.
Suryaprasad AG, White JZ, Xu F, Eichler B-A, Hamilton J, Patel A, et al. Emerging epidemic of Hepatitis C Virus infections among young nonurban persons who inject drugs in the United States, 2006–2012. Clin Infect Dis. 2014;59:1411–9.PubMed

	4.
Zibbell JE, Asher AK, Patel RC, Kupronis B, Iqbal K, Ward JW, et al. Increases in acute Hepatitis C virus infection related to a growing opioid epidemic and associated injection drug use, United States, 2004 to 2014. Am J Public Health. 2018;108:175–81.PubMedPubMedCentral

	5.
Van Handel MM, Rose CE, Hallisey EJ, Kolling JL, Zibbell JE, Lewis B, et al. County-level vulnerability assessment for rapid dissemination of HIV or HCV infections among persons who inject drugs, United States. J Acquir Immune Defic Syndr. 2016;73:323–31.PubMedPubMedCentral

	6.
Hahn JA, Page-Shafer K, Lum PJ, Bourgois P, Stein E, Evans JL, et al. Hepatitis C virus seroconversion among young injection drug users: relationships and risks. J Infect Dis. 2002;186:1558–64.PubMed

	7.
Thorpe LE, Ouellet LJ, Hershow R, Bailey SL, Williams IT, Williamson J, et al. Risk of hepatitis C virus infection among young adult injection drug users who share injection equipment. Am J Epidemiol. 2002;155:645–53.PubMed

	8.
Hagan H, Pouget ER, Williams IT, Garfein RL, Strathdee SA, Hudson SM, et al. Attribution of hepatitis C virus seroconversion risk in young injection drug users in 5 US cities. J Infect Dis. 2010;201:378–85.PubMed

	9.
Maher L, Jalaludin B, Chant KG, Jayasuriya R, Sladden T, Kaldor JM, et al. Incidence and risk factors for hepatitis C seroconversion in injecting drug users in Australia. Addiction. 2006;101:1499–508.PubMed

	10.
Mackesy-Amiti ME, Donenberg GR, Ouellet LJ. Prevalence of psychiatric disorders among young injection drug users. Drug Alcohol Depend. 2012;124:70–8.PubMedPubMedCentral

	11.
Sansone RA, Whitecar P, Wiederman MW. The prevalence of childhood trauma among those seeking buprenorphine treatment. J Addict Dis. 2009;28:64–7.PubMed

	12.
McCauley JL, Killeen T, Gros DF, Brady KT, Back SE. Posttraumatic stress disorder and co-occurring substance use disorders: advances in assessment and treatment. Clin Psychol. 2012;19:283–304.

	13.
Winstanley EL, Mahoney JJ 3rd, Lander LR, Berry JH, Marshalek P, Zheng W, et al. Something to despair: Gender differences in adverse childhood experiences among rural patients. J Subst Abuse Treat. 2020;116:108056.PubMedPubMedCentral

	14.
Adams M, Sionean C, Broz D, Lewis R, Wejnert C, NHBS Study Group. Serious mental illness among young people who inject drugs: an assessment of injection risks and healthcare use. J Infect Dis. 2020;222(Suppl 5):S401-9.PubMed

	15.
Wild TC, Cameron Wild T, el-Guebaly N, Fischer B, Brissette S, Brochu S, et al. Comorbid depression among untreated illicit opiate users: results from a multisite Canadian Study. Canadian J Psychiatr. 2005;50:512–8.

	16.
Perdue T, Hagan H, Thiede H, Valleroy L. Depression and HIV risk behavior among Seattle-area injection drug users and young men who have sex with men. AIDS Educ Prev. 2003;15:81–92.PubMed

	17.
Mandell W, Kim J, Latkin C, Suh T. Depressive symptoms, drug network, and their synergistic effect on needle-sharing behavior among street injection drug users. Am J Drug Alcohol Abuse. 1999;25:117–27.PubMed

	18.
Williams SC, Davey-Rothwell MA, Tobin KE, Latkin C. People who inject drugs and have mood disorders—a brief assessment of health risk behaviors. Subst Use Misuse. 2017;52:1175–84.

	19.
Mackesy-Amiti ME, Donenberg GR, Ouellet LJ. Psychiatric correlates of injection risk behavior among young people who inject drugs. Psychol Addict Behav. 2014;28:1089–95.PubMedPubMedCentral

	20.
Latkin CA, Mandell W. Depression as an antecedent of frequency of intravenous drug use in an urban, nontreatment sample. Int J Addict. 1993;28:1601–12.PubMed

	21.
Lemstra M, Rogers M, Thompson A, Moraros J, Buckingham R. Risk indicators of depressive symptomatology among injection drug users and increased HIV risk behaviour. Can J Psychiatry. 2011;56:358–66.PubMed

	22.
Huang C, Yuan Q, Zhang L, Wang L, Cui S, Zhang K, et al. Associations between childhood trauma and the age of first-time drug use in methamphetamine-dependent patients. Front Psychiatry. 2021;12:658205.PubMedPubMedCentral

	23.
Ompad DC, Ikeda RM, Shah N, Fuller CM, Bailey S, Morse E, et al. Childhood sexual abuse and age at initiation of injection drug use. Am J Public Health. 2005;95:703–9.PubMedPubMedCentral

	24.
Taplin C, Saddichha S, Li K, Krausz MR. Family history of alcohol and drug abuse, childhood trauma, and age of first drug injection. Subst Use Misuse. 2014;49:1311–6.PubMed

	25.
Battjes RJ, Leukefeld CG, Pickens RW. Age at first injection and HIV risk among intravenous drug users. Am J Drug Alcohol Abuse. 1992;18:263–73.PubMed

	26.
White RH, O’Rourke A, Kilkenny ME, Schneider KE, Weir BW, Grieb SM, et al. Prevalence and correlates of receptive syringe-sharing among people who inject drugs in rural Appalachia. Addiction. 2021;116:328–36.PubMed

	27.
el-Serag HB, Kunik M, Richardson P, Rabeneck L. Psychiatric disorders among veterans with hepatitis C infection. Gastroenterology. 2002;123:476–82.PubMed

	28.
Girardin F, Painter C, Hearmon N, Eddowes L, Kaiser S, Negro F, et al. Hepatitis C prevalences in the psychiatric setting: cost-effectiveness of scaling-up screening and direct-acting antiviral therapy. JHEP Rep. 2021;3:100279.PubMedPubMedCentral

	29.
Hughes E, Bassi S, Gilbody S, Bland M, Martin F. Prevalence of HIV, hepatitis B, and hepatitis C in people with severe mental illness: a systematic review and meta-analysis. Lancet Psychiatr. 2016;3:40–8.

	30.
Lerner AM, Fauci AS. Opioid injection in rural areas of the United States: a potential obstacle to ending the HIV epidemic. JAMA. 2019;322:1041–2.PubMed

	31.
Wagner K, Zhong Y, Teshale E, White K, Winstanley EL, Hettema J, et al. Hepatitis C virus infection and polysubstance use among young adult people who inject drugs in a rural county of New Mexico. Drug Alcohol Depend. 2021;220:108527.PubMedPubMedCentral

	32.
Zou G. A modified poisson regression approach to prospective studies with binary data. Am J Epidemiol. 2004;159:702–6.PubMed

	33.
Agresti A. An introduction to categorical data analysis. Hoboken: John Wiley & Sons; 2018.

	34.
Lin DY, Wei LJ, Ying Z. Model-checking techniques based on cumulative residuals. Biometrics. 2002;58:1–12.PubMed

	35.
Dziak JJ, Coffman DL, Lanza ST, Li R, Jermiin LS. Sensitivity and specificity of information criteria. Brief Bioinform. 2020;21:553–65.PubMed

	36.
Muthén B, Muthén L. Mplus. Boca Raton: Chapman and Hall/CRC; 2017.

	37.
Najavits LM, Weiss RD, Shaw SR. The link between substance abuse and posttraumatic stress disorder in women. Res Rev Am J Addict. 1997;6:273–83.

	38.
Plotzker RE, Metzger DS, Holmes WC. Childhood sexual and physical abuse histories, PTSD, depression, and HIV risk outcomes in women injection drug users: a potential mediating pathway. Am J Addict. 2007;16:431–8.PubMed

	39.
Mitra S, Lee W, Hayashi K, Boyd J, Milloy MJ, Dong H, et al. A gender comparative analysis of post-traumatic stress disorder among a community-based cohort of people who use drugs in Vancouver. Canada Addict Behav. 2021;115: 106793.PubMed

	40.
Conway KP, Compton W, Stinson FS, Grant BF. Lifetime comorbidity of DSM-IV mood and anxiety disorders and specific drug use disorders: results from the national epidemiologic survey on alcohol and related conditions. J Clin Psychiatry. 2006;67:247–57.PubMed

	41.
Reddon H, Pettes T, Wood E, Nosova E, Milloy M-J, Kerr T, et al. Incidence and predictors of mental health disorder diagnoses among people who inject drugs in a Canadian setting. Drug Alcohol Rev. 2018;37(Suppl 1):S285–93.PubMed

	42.
Fortier E, Høj SB, Sylvestre M-P, Artenie AA, Minoyan N, Jutras-Aswad D, et al. Injecting frequency trajectories and hepatitis C virus acquisition: Findings from a cohort of people who inject drugs in Montréal. Can Int J Drug Policy. 2021;96:103439.PubMed

	43.
Minoyan N, Høj SB, Jutras-Aswad D, Vlad D, Martel-Laferrière V, Sylvestre M-P, et al. Gender-specific associations between psychological distress and injecting risk behaviours among people who inject drugs in Montreal. Canada Int J Drug Policy. 2021;96:103319.PubMed

	44.
Johnson ME, Yep MJ, Brems C, Theno SA, Fisher DG. Relationship among gender, depression, and needle sharing in a sample of injection drug users. Psychol Addict Behav. 2002;16:338–41.PubMed

	45.
Gray-Little B. The assessment of psychopathology in racial and ethnic minorities. England: Oxford Handbooks Online; 2009.

	46.
Alvarez K, Fillbrunn M, Green JG, Jackson JS, Kessler RC, McLaughlin KA, et al. Race/ethnicity, nativity, and lifetime risk of mental disorders in US adults. Soc Psychiatr Psychiatr Epidemiol. 2019;54:553–65.

	47.
Breslau J, Aguilar-Gaxiola S, Borges G, Kendler KS, Su M, Kessler RC. Risk for psychiatric disorder among immigrants and their US-born descendants: evidence from the national comorbidity survey replication. J Nerv Ment Dis. 2007;195:189–95.PubMedPubMedCentral

	48.
Ruglass LM, Morgan-López AA, Saavedra LM, Hien DA, Fitzpatrick S, Killeen TK, et al. Measurement nonequivalence of the clinician-administered PTSD scale by race/ethnicity: Implications for quantifying posttraumatic stress disorder severity. Psychol Assess. 2020;32:1015–27.PubMedPubMedCentral

	49.
Alegría M, Canino G, Shrout PE, Woo M, Duan N, Vila D, et al. Prevalence of mental illness in immigrant and non-immigrant U.S. Latino groups. Am J Psychiatr. 2008;165:359–69.PubMed

	50.
Lewis R, Baugher AR, Finlayson T, Wejnert C, Sionean C, National HIV Behavioral Surveillance (NHBS) Study Group. Healthcare access and utilization among persons who inject drugs in medicaid expansion and nonexpansion states: 22 United States cities, 2018. J Infect Dis. 2020;222(Suppl 5):S420-8.PubMed

	51.
Ong AR, Lee S, Bonar EE. Understanding disparities in access to naloxone among people who inject drugs in Southeast Michigan using respondent driven sampling. Drug Alcohol Depend. 2020;206:107743.PubMed

	52.
Stein MD, Conti MT, Kenney S, Anderson BJ, Flori JN, Risi MM, et al. Adverse childhood experience effects on opioid use initiation, injection drug use, and overdose among persons with opioid use disorder. Drug Alcohol Depend. 2017;179:325–9.PubMedPubMedCentral

	53.
Dube SR, Felitti VJ, Dong M, Chapman DP, Giles WH, Anda RF. Childhood abuse, neglect, and household dysfunction and the risk of illicit drug use: the adverse childhood experiences study. Pediatrics. 2003;111:564–72.PubMed

	54.
Chatterjee A, Larochelle MR, Xuan Z, Wang N, Bernson D, Silverstein M, et al. Non-fatal opioid-related overdoses among adolescents in Massachusetts 2012–2014. Drug Alcohol Depend. 2019;194:28–31.PubMed

	55.
Shortage areas. https://​data.​hrsa.​gov/​topics/​health-workforce/​shortage-areas. Accessed 4 Mar 2022.



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Association of co-occurring mental health problems with hepatitis C status among young people who inject drugs in rural New Mexico, 2016–2018


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13722_2022_340_Fig2_HTML.png
Age

Hispanic

RSS

372 (.079)

-1.630 (:490)

768 (.192)

Duration of
IDU

(6207) 021"

HCV history





OEBPS/images/13722_2022_340_Fig3_HTML.png
Age .053 (.032) —
g history
006 (MY
Any mental health
521 (.\6’” problems
Female §
Q —_
o) = ;V\' E
R Op S §
3. 7
2 (5 7, 0) 9 =
Single
N L1 75 (602)
/ i .074 (.020)
%Q' Duration of "
b% IDU
Hispanic






OEBPS/css/envelope.png





OEBPS/images/13722_2022_340_Fig1_HTML.png
@ Positive path coefficient
e Positive direct effect
af} Indirect effect

1’ Direct effect

Duration of IDU

Mental health
problem






OEBPS/images/13722_2022_340_Article_TeX_Equa.png
Legend : HCV = Hepatitis C Virus. IDU = Injection Drug Use





OEBPS/css/sidebar.gif





