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Background: Most patients with opioid use disorder have experienced traumatic events; however, sex differences in trauma exposure,
its timing, and its association with treatment outcomes remain unclear.

Methods: Of the 1194 patients admitted to a methadone maintenance treatment (1993-2025), 923 completed an intake questionnaire
assessing traumatic events and their timing relative to substance use (before, during, “always”, or “never”). Predictors of long-term
retention were examined using Kaplan—Meier analyses and a Cox multivariate model.

Results: Of 923 participants, 23.5% were female, and 74.4% reported trauma. Males (35.7%) more often reported trauma during
substance use than females (27.6%), whereas females more frequently reported trauma occurring “always” (31.3%) than males
(22.2%; p=0.024). Interpersonal trauma category was more prevalent in females (59% vs. 40.2%, p<0.001) with no differences in
physical trauma (50.8%) and self-directed harm (38.8%). The age of opioid initiation was comparable between sexes but females were
admitted to MMT younger. Substance use at admission was comparable between sexes, as were one-year and long-term retention
(mean=9.8 years, 95% CI 9.1-10.6). Long-term retention between trauma timing groups and trauma categories were comparable, also
when stratified by sex. Sex-specific differences emerged only when trauma type and timing were considered. Specifically rape history
was associated with shorter retention among males but not females.

Conclusion: Traumatic experiences differed between sexes but were not associated with long-term retention and did not change the
comparable outcomes between sexes. A bigger sample is needed to confirm the findings of shorter retention in male who experienced rape.
Keywords: trauma history, long-term retention, sex differences, retention, methadone maintenance treatment

Introduction

Exposure to traumatic experiences, particularly during childhood, has been consistently associated with the development of
substance use disorders (SUDs). Traumas during childhood of all types (emotional, physical, sexual abuse and emotional and
physical neglect) are well-established risk factors for later substance abuse, with trauma exposure also linked to increased
psychiatric symptom burden among affected individuals.'* Sex differences have been repeatedly observed in both the
prevalence and impact of trauma. Females report higher rates of childhood abuse and intimate partner violence than males,
and the association between childhood physical or sexual abuse and SUDs appears to be stronger among females.>* Moreover,
females are more likely than males to have experienced traumatic events prior to substance use initiation.

Within the context of opioid use disorder (OUD), childhood trauma is a recognized risk factor.” The prevalence of
childhood trauma among individuals with OUD is substantial, ranging from 16% to 43% across different trauma types.” In
a large US study across multiple addiction treatment facilities, including methadone maintenance treatment (MMT), nearly
half of the participants (49.3%) reported lifetime physical and/or sexual trauma, with females reporting rates up to five times
higher than males.”
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Sex differences extend beyond trauma exposure to clinical presentation and treatment outcomes. Systematic reviews
and cohort studies have demonstrated that females receiving MMT exhibit greater impairment across multiple domains,
including employment, social functioning, and physical and psychiatric health, whereas males show higher rates of
criminal involvement and alcohol use.>®° Retention, which reflects treatment success in MMT, has generally been
comparable between sexes;'*'? however, higher retention has been reported among methadone-treated females com-
pared with males, while lower retention has been observed among buprenorphine-treated females,'? with inconsistent
findings reported in a meta-analysis of buprenorphine studies.'*

Despite the high prevalence of trauma among patients receiving MMT, important gaps remain regarding the role of
trauma timing and sex-specific patterns in shaping treatment outcomes. Traumatic experiences may precede substance
use initiation and contribute to its onset, while additional traumas may occur later as a consequence of substance use-
related lifestyles. The type and timing of trauma may therefore differ by sex and may have distinct implications for
treatment outcomes (including retention and substance use discontinuation). In the current study, we examined patient
characteristics and treatment outcomes in relation to the timing of traumatic experiences, with a particular focus on sex
differences. We hypothesized that trauma prevalence, timing, and associated outcomes would differ between males and
females, reflecting distinct clinical profiles within MMT populations.

Materials and Methods

All participants provided written informed consent at admission to MMT before data collection. The study was approved by the
Tel-Aviv Sourasky Medical Center (TASMC) Institutional Review Board (IRB) (“Helsinki Committee” Protocol no. 07—111).

Study Population

The MMT clinic is accredited by the Commission on Accreditation of Rehabilitation Facilities (CARF) and is affiliated
with a large, tertiary, university medical center. The clinic treats approximately 300 patients who meet criteria similar to
those specified in US federal regulations for entry into methadone treatment (ie, DSM-5 criteria for opioid dependence
with multiple daily self-administrations of heroin for at least one year, and according to the Israeli Ministry of Health, at
least two failed institutional detoxification attempts). The clinic opened on June 25, 1993, and through December 2025,
a total of 1194 patients had been admitted to MMT.

In July 2002, a structured questionnaire regarding trauma history was incorporated into the patients’ intake assess-
ment and was completed by all current patients (around 300) at that time. Thereafter the questionnaire was completed by
all newly admitted patients as part of the intake process, resulting in trauma history data for 923 patients (77.3%) of the
1194 patients ever admitted MMT. Patients with missing trauma history data were primarily those who left treatment
before 2002. This was reflected in the significantly shorter treatment duration among the 271 patients without trauma
history data (cumulative retention: 1.9 years, 95% CI 1.5-2.2), compared with the 923 patients with available trauma data
(9.8 years, 95% CI 9.1-10.6; p < 0.001).

As part of the intake process, patients were interviewed by their therapist using a structured questionnaire that
specifically asked about the following traumatic experiences: motor vehicle accidents (as a driver or non-driver), falls,
rape, suicide attempts, physical violence, self-harm, and fire-related injuries. For each trauma type, timing (occurring
prior to and/or since substance use onset) was self-reported as part of the intake assessment. We defined “any prior
trauma” as at least one traumatic event occurring before substance use onset, and “any trauma during” as at least one
traumatic event occurring since substance use onset. Trauma timing was also classified into four categories: patients with
no trauma (“never”), trauma prior to substance use only, trauma since substance use onset only, and trauma occurring
both prior to and since substance use onset (“always”).

Trauma types were also grouped into three categories; physical trauma (driver or non-driver car accident, falls),
interpersonal trauma (violence, rape), and any self-directed harm (suicide attempt, self-damage, self-fire).

To examine potential changes in traumas prevalence over time, we stratified the patient group into three periods based
on year of admission: 1993-2002 (n=314), 2003-2014 (n=331), 2015-2025 (n=278).

Treatment outcome included one year retention, drug discontinuation after one year, and cumulative retention since
first admission and until left or end of follow-up (December 31, 2025).
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Patients sociodemographic and addiction history were taken from patient’s chart. Specifically, age of admission, age of
opioid onset, age of cannabis onset, age of benzodiazepine onset, years of education, ever drug injected, living status (alone
or with a partner), having children, and place of birth. Laboratory results for hepatitis C and HIV antibody, and hepatitis
B antigen were taken, as well as DSM-IV-TR psychiatric diagnosis made by senior psychiatrist at admission to MMT.

Urine Toxicology

Patients undergo repeated observed random urine tests (around 2 per month) throughout the entire length of their
treatment. Opiates, cocaine metabolite (benzoylecgonine), benzodiazepine, cannabinoids (THC), and methadone meta-
bolite are detected by enzyme immunoassay systems (DRI® and CEDIA®)."® Positive results for each substance were
defined as having at least one positive screening test during the admission month, and after a year in MMT (month 13).

Statistical Analyses

Statistical analyses were performed using the IBM SPSS Statistics version 30 package. Comparisons between groups
were performed using the chi-square test or Fisher’s exact test for categorical variables and one-way analysis of variance
(ANOVA) for continuous variables. ANCOVA was performed to control for sex and for variables that differed
significantly in univariate analyses (p < 0.05). For significant comparisons, F values (for ANOVA or ANCOVA) and
likelihood ratio or linear-by-linear association statistics (for chi-square tests) are reported. Kaplan-Meier analysis was
used to compare cumulative retention between groups, with the Log rank test used to assess statistical significance. Mean
and 95% confidence intervals (CI) are reported and for significant difference log rank chi square is reported. To
specifically examine sex different in trauma-related retention, Kaplan Meier analyses were stratified by sex for each
trauma group. A multivariate Cox proportional hazards model was performed to control for variables found to be
significant in univariate analyses.

Results

Characteristics Differences Between Sex Groups (Table 1)
Age at opioid use onset did not differ between sexes (p = 0.2), but females were admitted to MMT at a younger age (p <
0.001), following a shorter duration of opioid use (p < 0.001). More males had ever used cannabis (p < 0.001), and they

Table | Comparison Between Sexes

Male Female p value (F)#
n (%) 706(100) 217(100)
Age of admission to MMT, y 43.8£10.9 37.9+10.9 <0.001 (11.2)
Age of opioid use onset, y 22.6+8.0 23.3+8.7 0.2
Duration of opioid usage, y 21.1%11.2 13.7+8.3 <0.001 (78.4)
Ever cannabis use* (%) 625(90.4) 153(72.9) <0.001
Age of cannabis onset, y 16.7+6.0 19.9+£8.9 <0.001 (28.2)
Ever benzodiazepine use* (%) 597(92.0) 168(84.8) 0.006
Age of benzodiazepine onset, y 28.9%11.2 26.1%9.1 0.005 (7.8)
Education, y 9.7£3.0 10.5+2.6 <0.001 (11.2)
Drug injected* (ever) (%) 404(57.4) 107(49.5) 0.05
Living alone (%) 481(69.0) 134(64.7) 0.3
Having children (%) 443(62.8) 156(72.2) 0.01
Israeli born (%) 438(62.8) 125(60.1) 0.5
DSM-IV-TR Axis &Il * (%) 147(21.9) 63(30.1) 0.012
Hepatitis C antibody* (%) 359(52.0) 102(48.8) 0.4
HIV antibody* (%) 49(7.5) 15(7.5) I
Hepatitis B antigen* (%) 22(3.2) 7 (34) 0.8

(Continued)
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initiated use at a younger age than females (p < 0.001). Similarly, more males had ever used benzodiazepines (p = 0.006),
but their age of onset was older than that of females (p = 0.005). More males ever drug injected (p=0.05). Females were
more educated (p < 0.001), a higher proportion had children (p = 0.01), and a higher proportion had Axis I and II
psychiatric diagnoses (p = 0.012). The proportion of patients who tested positive for any substance (cocaine, cannabis, or

Table | (Continued).

Male Female p value (F)#
n (%) 706(100) 217(100)
Drug abuse at admission
Cocaine (%) 212(30.1) 63(29.0) 0.8
Benzodiazepine (%) 403(57.2) 116(53.5) 0.3
Cannabis (%) 101(14.3) 29(13.4) 0.8
Only opioids (%) 194(27.6) 66(30.4) 0.4
Outcome dfter ly
Retention (%) 564(80.8) 176(83.8) 0.4
Opioids (%) 159(28.5) 49(28.5) |
Cocaine (%) 119(21.3) 43(25.0) 0.3
Benzodiazepine (%) 253(45.3) 75(43.6) 0.7
Cannabis (%) 87(15.6) 18(10.5) 0.1
No substance (%) 178(32.1) 68(39.5) 0.08
Methadone mg/d 127.2+41.5 132.2+52.5 0.2

Notes: # ANOVA for continuous variables and Fishers exact test for categorical variables. Bolded
p-values were statistically significant. *I5 males and 7 females were missing to THD, 57 males and
19 females were missing for benzodiazepines, 35 males and 8 females had missing psychiatric

diagnosis, 15 male and 8 females were missing for hepatitis C. 2 male and | female were missing

for drug injection, 53 males and 17 females were missing for HIV test, 18 males and || females
were missing for hepatitis B test.

benzodiazepines) in urine at admission did not differ between sexes.

Trauma Groups Distribution and Sex Differences (Table 2)

Traumas were reported by 687 patients (74.4%) of the cohort. Specifically, traumas occurred prior to substance use in 375
(40.6%) patients and after substance use onset in 537 (58.2%) of the 923-patient cohort. Comparing by 217 females (23.5%)

Table 2 Trauma Category and Type History Distribution by Sex

Total N=923 Male N=706 Female N=217 P value#
(100%) (100%) (100%)

Any traumas before 375(40.6) 269(38.1) 106(48.8) 0.006
Any traumas since 537(59.0) 409(57.9) 128(59.0) 0.8
Trauma category and types
Physical trauma 469(50.8) 366(51.8) 103(47.5) 0.3
Driver accident 289(31.3) 235(33.3) 54(24.9) 0.019
Non-Driver accident 115(12.5) 77(10.9) 38(17.6) 0.013
Falls 198(20.7) 157(22.2) 41(18.9) 0.3
Interpersonal trauma 412(44.6) 284(40.2) 128(59) <0.001
Physical violence 370(39.9) 270(38.3) 100(46.1) 0.048
Raped 130 (14.1) 44(6.3) 86(39.6) <0.001
Self-directed harm 358(38.8) 264(37.4) 94(43.3) 0.1
Suicide attempt 234(25.4) 162(23.0) 72(33.3) 0.003
Self-damage 184(20.0) 141(20.0) 43(19.8) |
Fire self 62(6.7) 51(7.2) 11(5.1) 0.4

Notes: #Fisher Exact test between sexes. Bolded p-values were statistically significant. Physical trauma category (driver, non-driver
accident, falls), Interpersonal trauma category (violence, raped); self-directed harm category (suicide attempt, self-damage, fire-self).
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and 706 males (76.5%), the proportion of traumas prior to substance use was higher in females (48.8%) than in male (38.1%,
p=0.006) but was comparable between female and male respectively after substance use onset (59% vs. 57.9%, p=0.8).

Of the three trauma categories (Table 2), physical trauma (50.8%), interpersonal trauma (44.6%) and self-directed
harm (38.8%), only interpersonal trauma was more prevalent among females (59%) than males (40.2%, p<0.001). No
significant sex differences were found for self-directed harm (p=0.1) or physical traumas (p=0.3). Overall, types of
traumas were primarily physical violence (39.9%) followed by driver accident (31.3%), suicide attempt (25.4%), falls
(20.7), self-damage (20.0%), being raped (14.1%), non-driver accident (12.5%) and self-fire (6.7%). Except driver
accident that was more prevalent among males (p=0.019), non-driver accident (p=0.013), physical violence (p=0.048),
raped (p<0.001), and suicide attempt (p=0.003) were more prevalent among females. The proportion of falls, self-
damage, and self-fire did not differ between sexes.

When patients were stratified into three time periods (1993-2002, 2003-2014, 2015-2025), the proportions of
physical trauma and interpersonal trauma did not differ significantly across periods or between sexes (data not
shown). However, the proportion of self-directed harm differed across time periods. Among females, a decreasing
trend was observed (47.7%, 48.1%, and 28.8% respectively; linear by linear association chi square= 3.9, p=0.047). In
males, the distribution differed significantly across periods, without linear trend (34.1%, 43.7%, 33.6% respectively, Chi
square=6.7, p=0.035).

Characteristics Differences Between 4 Trauma Subgroups (Table 3)

Patients were divided into four groups: patients with no trauma history (25.6%, n=236), patients exposed to trauma only
before drug use (16.3%, n=150), patients exposed only during drug use (33.8%, n=312), and patients exposed to traumas
both prior to and during substance use (24.4%, n=225). The 4 groups differed by sex distribution, with the highest
proportion of males experienced traumas during substance use and the highest proportion of females experienced traumas
both before and during substance use (p=0.024). Age of opioid onset (p<0.001), age of cannabis onset (p<0.001) and

Table 3 Comparison of Characteristics by Trauma Group

Never N=236 | Prior N=150 | Since N=312 | Always N=225 | p value#

Sex (%) 0.024 (9.4)
Male 185(78.4) 112(74.7) 252(80.8) 157(69.8)
Female 51(21.6) 38(25.3) 60(19.2) 68(30.2)
Opioid onset, y 24.1+8.5 26.8+10.8 20.8+6.6 21.2+6.4 <0.001(25.1)
Opioid usage, y 18.4+11.2 18.3£11.8 20.9+10.9 19.2£10.6 0.03(3.1)
Cannabis onset, y 18.2+6.1 19.9+10.9 16.5+5.7 16.1£5.0 <0.001(10.0)
BDZ onset, y 30.0+11.8 29.8+12.3 27.8+10.1 26.8+10.1 0.019(3.6)
Admission age, y 42.8%11.5 45.7x12.1 41.9£10.7 40.6+10.3 <0.001(6.9)
Education, y 9.9£2.8 10.2+2.7 9.84£3.2 9.8£3.0 0.5
Living alone (%) 0.06*
Alone 146(63.5) 98(67.6) 211(69.0) 160(71.7)
In couple 84(36.5) 47(32.4) 95(31.0) 63(28.3)
Ever injected (%) <0.001(43.9)
Yes 106(46.5) 58(41.1) 196(64.3) 147(66.5)
No 122(53.5) 83(58.9) 109(35.7) 74(33.5)
Place of born (%) 0.036(4.4)*
Israeli born 156(66.1) 95(63.3) 196(62.8) 126(56.0)
Others 80(33.9) 55(36.7) 116(37.2) 99(44.0)
DSM-IV-TR (%) 0.004(8.2)*
Axis | 89(40.5) 53(39.0) 134(44.8) 112(50.5)
No Axis | 81(36.8) 46(33.8) 109(36.5) 81(36.5)
None 50(22.7) 37(27.2) 56(18.7) 29(13.1)

(Continued)
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Table 3 (Continued).

Never N=236 | Prior N=150 | Since N=312 | Always N=225 | p value#
Drug abuse at admission
Cocaine (%) 0.014(6.1)*
Yes 56(23.7) 46(30.7) 96(30.8) 77(34.5)
No 180(76.3) 104(69.3) 216(69.2) 146(65.5)
BDZ (%) 0.01(6.5)*
Yes 122(51.7) 77(51.3) 181(58.0) 139(62.3)
No 114(48.3) 73(48.7) 131(42.0) 84(37.7)
Cannabis (%) 0.2
Yes 25(10.6) 22(14.7) 52(16.7) 31(13.9)
No 211(89.4) 128(85.3) 260(83.3) 192(86.1)
Outcome dfter ly
Retention (%) 171(74.0) 119(81.5) 257(83.4) 193(86.5) 0.005(12.7)
Opioid (%) 56 (32.7) 30(25.2) 71(27.6) 57(28.0) 0.5
Cocaine (%) 25(14.6) 26(21.8) 65(25.3) 50(26.0) 0.006 (7.6)*
BDZ (%) 61(35.7) 37(31.1) 126(49.0) 108(56.0) <0.001(26.7)
Cannabis (%) 18(10.5) 18(15.1) 44(17.1) 26(13.5) 0.3
Methadone mg/d 114.8+40 126.0+44 132.5+45 136.41444 <0.001(12.3)

Notes: # ANOVA for continuous variables, in bracket (F), and chi-square test for categorical variables, in bracket (likelihood ratio). Bolded
p-values were statistically significant. *Chi-square test for linear by linear association.
Abbreviation: BDZ, benzodiazepine.

benzodiazepine onset (p=0.019), were all showed similar pattern of older age of onset by the no traumas or traumas prior
to substance use groups, compared with the two other groups of traumas during substance use, either with or without
traumas prior to substance use. Shorter duration of opioid usage (p=0.03), older age of admission (p<0.001), shorter
proportion of ever drug injection (p<0.001), of fewer psychiatric comorbidity (p=0.008), and shorter proportion of
benzodiazepine (p=0.01) and cocaine (p=0.014) were again characterized no traumas and close to prior to substance use

traumas as compared to the other two groups whom trauma were exposed during substance use groups.

Characteristics Differences Between 4 Trauma Subgroups by Sexes (Table 4)

Stratified trauma groups by sex, age of cannabis onset was still significant by trauma and sex, but with interaction effect,
reflecting older age of females but not males and no traumas or trauma prior to substance use (Corrected model p(F=11.2)
<0.001, Trauma groups p(F=12.8) <0.001; Sex p(F=42.2)<0.001, Interaction p(F3.0)=0.02). Age at opioid onset by
timing of trauma and sex showed that trauma groups and sex were related (Corrected model p(F=12.6)<0.001, Trauma

Table 4 Comparison of Characteristics by Trauma Group and Sex-Selected Significant

Variables

Never Prior Since Always p value#
Cannabis onset, y T(F=12.8)<0.001
Male 17.5£5.1 19.0£10.5 | 15.9+5.1 15.7+4.9 S(F=42.2)<0.001
Female 21.8+9.4 25.3+14.0 | 21.1%10.9 | 17.045.1 TxS(F=3.0)=0.02
Opioid onset, y T(F=21)<0.001
Male 23.8+8.5 27.0+10.9 | 20.6+6.3 21.3+6.8 S(F=6.6)=0.01
Female 27.5+11.3 | 284%13.7 | 23.0£10.2 | 20.8+5.5 TxS=0.1
Admission age, y T(F=5.2)=0.001
Male 44.0+£10.8 | 47.2+11.9 | 43.0104 | 42.4£10.5 | S(F=46.0)<0.001
Female 38.4%129 | 41.2+11.7 | 37.2+10.6 | 36.4+8.37 | TxS=0.99

(Continued)
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Table 4 (Continued).

Never Prior Since Always p value#
Ever injected (%)
Male <0.001(34.7)
Injected 84(45.7) 49(43.8) 160(63.7) | 111(70.7)
Not-injected 100(54.3) | 63(56.3) 91(36.3) 46(29.3)
Female 0.004(13.3)
Injected 22(43.1) 10(27.0) 37(61.7) 38(55.9)
Not-injected 29(56.9) 27(73.0) 23(38.3) 30(44.1)
Benzodiazepine (%)
Male 0.04 (4.3)*
Positive 100(54.1) | 55(49.1) 150(59.5) | 98(63.2)
Negative 85(45.9) 57(50.9) 102(40.5) | 57(36.8)
Female 0.1*
Positive 22(43.1) 22(57.9) 31(51.7) 41(60.3)
Negative 29(56.9) 16(42.1) 29(48.3) 27(39.7)
Cocaine (%)
Male 0.3
Positive 46(24.9) 34(30.4) 85(33.7) 47(30.3)
Negative 139(75.1) | 78(69.6) 167(66.3) | 108(69.7)
Female 0.004 (13.1)
Positive 10(19.6) 12(31.6) 11(18.3) 30(44.1)
Negative 41(80.4) 26(68.4) 49(81.7) 38(55.9)
Retention ly (%)
Male 131(71.2) | 86(78.9) 212(84.8) | 135(87.1) | <0.001 (17.2)
Female 40(85.1) 33(89.2) 45(77.6) 58(85.3) 0.5
Benzodiazepine ly (%)
Male <0.001 (20.9)
Positive 49(37.4) 26(30.2) 103(48.6) | 78(57.8)
Negative 82(62.6) 60(69.8) 109(51.4) | 57(42.2)
Female 0.014 (6.1)*
Positive 49(37.4) 26(30.2) 103(48.6) | 78(57.8)
Negative 82(62.6) 60(69.8) 109(51.4) | 57(42.2)
Cocaine ly (%)
Male 0.028 (4.8)*
Positive 18(13.7) 19(22.1) 53(25.0) 32(23.9)
Negative 113(86.3) | 67(77.9) 159(75.0) | 102(76.1)
Female 0.1*
Positive 7(17.5) 7(21.2) 12(26.7) 18(31.0)
Negative 33(82.5) 26(78.8) 33(73.3) 40(69.0)

Notes: # ANVOVA for continuous variables, in bracket (F), and chi-square test for categorical variables, in bracket
(likelihood ratio). *Chi-square test for linear by linear association. T Trauma group, S sex, TXG (TraumaxGroup interaction).

groups p(F=21)<0.001; Sex p(F=6.6)=0.01, Interaction p=0.1. Age of admission to MMT by trauma and sex showed that
both trauma group and sex were related, with no interaction effect (Corrected model p(F=10)<0.001, Trauma groups p
(F=5.2)=0.001; Sex p(F=46)<0.001, Interaction p=0.99). Stratified by sexes, drug injections were significantly related for
both male (Chi square 34.7, p<0.001) and female (Chi square 13.3, p=0.004). Benzodiazepine was related to trauma
groups by male (Chi square Linear by linear association 4.3, p=0.04) and cocaine by females (Chi square 13.1, p=0.004).

Outcome - Sex Differences
Outcomes were comparable between females and males. Specifically, one-year retention rates were 83.1% in females and
80.5% in males (p=0.5), and opioid discontinuation after one year was 71.5% in both sexes. After one year, the
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proportions of cocaine, cannabis, benzodiazepine, and opioid in urine did not differ between the sexes (Table 1).
Methadone dose at one year also did not differ between males and females (p=0.2). Cumulative retention was comparable
between females and males (10.5 years, 95% CI 9.0-12.0 vs. 9.6 years, 95% CI 8.8-10.5, p=0.3).

Outcome - Trauma Group Differences

Comparing the four trauma groups by one-year retention showed the lowest retention rate (74%) among those with no
trauma history and the highest retention rate (86.5%) among those whose traumas occurred before and during substance
use (Chi square 12.7, p=0.005) (Table 3). After one year, proportion of patients tested positive to cocaine was lowest
(14.6%) among those with no trauma history and highest among those exposed to trauma during substance use, with
(26%) or without (25.3%) prior trauma exposure (Chi square linear by linear association 7.6, p=0.006). Benzodiazepine
use was also higher in the two groups exposed to trauma during substance use, with (56%) or without (49%) prior trauma
exposure (Chi square 26.7, p<0.001). Opioid and cannabis use did not significantly differ between the trauma groups.
Cumulative retention of the entire cohort was 9.8 years (95% CI 9.1-10.6), with no difference between the four trauma

groups (p=0.3).

Outcome - Trauma Group and Sex Differences
When comparing by sex, one-year retention between trauma time groups showed a similar pattern to that observed in the
entire cohort for males (Chi square 17.2, p<0.001), but without a significant difference among females (p=0.5) (Table 4).
Similarly, proportions of urine tested positive to benzodiazepine as well as for cocaine after one year were lower in the
“never” and higher in the “always” trauma timing groups among males. Among females, only as a trend for significance
was observed for cocaine-positive urine tests (Table 4). Cumulative retention showed no significant differences by trauma
group or sex, except for a trend toward longer retention among females with prior trauma compared with males (Table 5).
When stratified by trauma category and type by sex (Table 6), the cumulative retention was comparable by each of the 3
trauma categories. Lower cumulative retention was found only among males exposed to rape compared with females who
were raped (p=0.043, log rank chi square 4.1) and compared with other males (p=0.046, log rank chi square 4.0). Males
with a history of self-harm had shorter cumulative retention than males with no history of self-harm (p=0.045, log rank
chi square 4.0), and females with a history of self-fire had shorter cumulative retention compared with other females
(p=0.005, log rank chi square 7.8) and with males with a history of self-fire (p=0.003, log rank chi square 8.9). Females
with any trauma before substance use had longer cumulative retention than those with no traumas before substance use
(p=0.035, log rank chi square 4.5).

In a multivariate Cox model among females, a history of self-fire trauma was associated with a higher likelihood of
shorter retention (HR=2.7, 95% CI 1.4-5.2, p=0.003), whereas trauma prior to substance use onset was associated with
a lower likelihood of shorter retention in MMT (HR=0.7, 95% CI 0.5-0.9, p=0.021).

Table 5 Means Cumulative Retention Time (Years) by
Trauma Timing Groups and Sex

Trauma Group | Sex Mean (95% CI) | p value

Never 0.9
Male 9.0 (7.5-10.5)
Female | 8.5 (6.3-10.8)
Before 0.08
Male 9.3 (7.1-11.5)

Female | 13.2 (9.1-17.3)
Since 0.6
Male 9.9 (8.6-11.2)
Female | 9.3 (6.5-12.1)
Always 0.5
Male 10.2 (8.4-12.0)
Female | I1.1 (8.5-13.8)
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Table 6 Cumulative Retention by Trauma Category and Type and Sex

Male Mean 95% CI) | P value Female Mean (95% CI) | P value p value
Physical trauma 0.09 0.2
Yes 10.2 (9.0-11.4) 11.3 (8.9-13.6) 0.4
No 9.0 (7.9-10.1) 9.4 (7.6-11.1) 0.6
Driver accident 0.4 0.5
Yes 10.0 (8.6—11.5) 1.4 (8-14.7) 0.5
No 9.4 (84-10.4) 10.1 (8.5-11.7) 0.4
Drive accident (non-driver) 0.6 0.6
Yes 8.3 (6.2-10.4) 11.2 (7.3-15.0) 0.3
No 9.7 (8.8-10.5) 10.5 (9.0-12.0) 0.4
Falls [ 0.7
Yes 9.2 (7.6-10.8) 10.7 (7-14.4) 0.5
No 9.7 (8.8-10.6) 10.4 (8.8—-12.1) 0.4
Interpersonal trauma 0.5 0.4
Yes 9.3 (8.0-10.5) 10.7 (8.8—-12.6) 0.2
No 9.9 (8.8-11.0) 9.6 (74-11.8) 0.9
Physical violence 0.9 0.4
Yes 9.6 (8.3-10.9) 10.8 (8.6—-12.9) 0.3
No 9.6 (8.6-10.7) 10.0 (8.0-12.0) 0.8
Raped 0.046 (4.0) 0.7
Yes 6.0 (3.7-84) 10.2 (8.1-12.4) 0.043(4.1)
No 9.8 (8.9-10.6) 10.2 (8.3—-12.1) 0.6
Self-directed harm 0.6 0.8
Yes 9.3 (7.9-10.6 10.2 (8.0-12.3) 0.5
No 9.8 (8.8-10.9) 10.5 (8.5-12.5) 0.5
Suicide attempt | |
Yes 9.5 (7.8-11.2) 10.6 (8.1-13.2) 0.5
No 9.6 (8.7-10.5) 10.4 (8.5-12.2) 0.4
Self damage 0.045(4.0) |
Yes 7.8 (6.3-9.3) 9.8 (7.2-12.5) 0.2
No 10.0 (9.1-10.9) 10.6 (8.8-12.3) 0.6
Fire self 0.5 0.005(7.8)
Yes 9.5 (7.0-12.1) 3.0 (1.64.5) 0.003(8.9)
No 9.6 (8.7-10.4) 10.8 (9.2-12.3) 0.1
Any traumas before 0.7 0.035(4.5)
Yes 10.0 (8.5-11.4) 12.0 (9.7-14.3) 0.1
No 9.5 (8.5-10.5) 89 (7.1-10.7) 0.7
Any traumas since 0.1 0.9
Yes 10.0 (8.9-11.1) 10.5 (8.5-12.5) 0.8
No 9.0 (7.8-10.2) 10.5 (8.2-12.7) 0.2

Note: Bolded p-values were statistically significant; in bracket (log rank chi square).

In a Cox model among males, both self damage (HR=1.2, 95% CI 1.0-1.5, p=0.055), and history of rape (HR=1.4,
95% CI 0.98-2.0, P=0.057) showed a trend toward significance for an association with shorter cumulative retention.

Discussion

The current study aimed to evaluate whether retention in MMT is related to patients’ traumatic experiences, their timing,
and whether these associations differ between sexes. We found that approximately two-third of the study cohort
experienced trauma, 40% had been exposed to trauma prior to substance use (more commonly females), whereas 60%
experienced trauma during substance use. Comparing sexes, most males experienced traumas during substance use, while
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most females both before and during substance use (“always”). Interpersonal traumas were more prevalent among
females, with no difference in self-directed harm and physical trauma.

The “always” trauma group of both sexes started cannabis at a younger age, started opioid use earlier, and entered
MMT following a shorter duration of opioid use. They had also a higher proportion of injection drug use, benzodiazepine
use at admission, and of cocaine use particularly among females.

With respect to outcome, sexes showed comparable one-year and long-term retention. The traumatic experiences that
differed between sexes were not associated with long-term retention and did not alter the comparable treatment outcomes
observed between sexes. Male, compared with females, who experienced specific trauma types (rape and self harm) had
shorter long-term retention.

Our finding that females were more likely than males experienced trauma prior to substance use, has already been
reported by others.> This may support, although not directly studied, previous literature suggesting that males are more
likely to engage in sensation-seeking behaviors, whereas females may use substances for self-medication and pain relief
resulting from trauma.'® Interestingly, in a study conducted in mental health facility in Israel, pathological gambling trait
was significantly associated with exposure to trauma in men, but not in women.'’

Thus, during substance use there were no sex differences in the proportion of patients exposed to trauma. The trauma
type that was more prevalent among females than males was interpersonal trauma, which was also most common in
females than physical trauma and self-directed harm.

When comparing the four trauma-timing groups (before, “always”, during and “never”), a clear distinction was
observed between those exposed to trauma during substance use (regardless of whether exposure also occurred prior to
substance use) and those exposed only prior to substance use, whose characteristics were more similar to individuals with
no trauma exposure.

Based on the characteristics of those exposed to trauma during substance use, namely, higher rates of cocaine and
benzodiazepine use at admission and a greater proportion with a history of injection drugs use - these individuals may
have been more likely to experience risky lifestyle involving unsafe environments, violence, and abuse, and therefore
greater exposure to traumatic events.

In contrast, individuals exposed to trauma prior to substance use may have initiated opioid use possibly as a form of
self-medication, most likely at an older age, but may also have maintained a more stable lifestyle without experiencing
a high-risk violent environment, as their characteristics were similar to those of individuals with no trauma exposure.
However, our study assessed only retention and substance use outcome. Importantly, a history of physical violence has
previously been shown to characterize patients in MMT with anxiety following the October 7th, 2023 Hamas attack on
civilians and military personnel in southern Israel.'®

Another study related to war exposure in Israel examined whether a large household sample of Israelis was at
increased risk for alcohol use disorders following exposure to the 2006 Lebanon War. The study found increased odds of
alcohol use disorders in the first year after the war, but only among individuals with a childhood history of
maltreatment.'® Moreover, findings following the October 7, 2023 attack examined the relationships between adverse
childhood experiences, post-traumatic stress symptoms, and substance use disorder following a large-scale collective
trauma in Israel. The authors found that adverse childhood experiences directly predicted increased substance use
disorder severity, even after controlling for post-traumatic stress symptoms.>’

As our study covered 30 years, changes over time should also be explored. Some changes in patients’ characteristics
were recently reported by our group.”' Specifically, over these years, the proportion of females decreased from 27% to
20%, the age of admission rosed from 37 to 43 years, and cocaine misuse increased. One year retention (72.2%) and
opioids discontinuation rate after one year (72.3%) showed no significant trend change.”'

With respect to traumas proportion and trauma types, no change was observed over time by sex or across trauma
categories, except for self-harm, which changed over time and was particularly reduced among females in the most recent
latest period. This may reflect a higher proportion of females who developed opioid use disorder following exposure to
prescription opioids, whose clinical characteristics differ substantially from those of more typical patients with OUD.*?

11,12

Looking at outcomes, as consistently shown in our MMT studies, males and females showed comparable one-

year retention as well as long-term retention. When comparing trauma-timing groups, one-year retention was
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interestingly highest among those exposed to trauma both prior to and during substance use and lowest among those with
no trauma history. Although this finding was somewhat unexpected, among those who remained in treatment, a higher
proportion of benzodiazepine and cocaine use was again observed in the two groups exposed to trauma during substance
use, and lower proportions were observed among those exposed only prior to substance use or with no trauma exposure.

With respect to long-term outcomes, similar cumulative retention was observed across all four trauma groups, with
a trend toward longer retention among females with trauma prior to substance use.

Outcome differences by sex were related to a specific trauma type, namely rape, which was also more prevalent
among females. While females who reported rape trauma had outcomes comparable to those of non-raped females, males
who reported rape had poorer outcomes, with shorter cumulative retention compared with non-raped males and with
raped females. Due to small numbers, it was not possible to statistically compare the timing of rape exposure, although
most cases of rape in both sexes occurred before and during substance use.

It should also noted that trauma exposure prior to substance use most likely occurred years before initiation of MMT,
even though it is hard to explain the similarity of this group to those with no trauma history. One possible explanation is
that patients in MMT receive both pharmacological treatment (methadone) and psychosocial therapy, which together may
contribute to clinical stabilization. Methadone treatment has been suggested to stabilize physiological functioning,
including stress responsivity associated with the hypothalamic—pituitary—adrenal (HPA) axis.*> Therefore, despite com-
plex lifetime trauma histories, many patients may achieve stable rehabilitation.

Moreover, patients with a trauma history may receive additional support from the treatment facility, potentially
contributing to the lack of observed outcome differences. It is also possible that the “never” group included individuals
who did not self-report traumatic experiences, either because such experiences were not recalled or were not recognized
as traumatic. Nevertheless, all participants initiated substance use and developed OUD. In contrast, continued trauma
exposure during the years of substance use may better reflect patients’ current circumstances, independent of earlier
trauma that may have contributed to substance use initiation.

Of interest, studies comparing patients in MMT exposed to sexual traumas with non-OUD individuals found lower

dissociation among MMT patients,”* and other studies also found lower than opioid detoxified patients®>°

and suggest
that MMT serve as “protective shield against the painful memories” according to the ‘“chemical dissociation”
hypothesis.”>*” Moreover, maintenance treatment with methadone or buprenorphine was reported to be associated

with a reduced risk of suicide among individuals with OUD.**?’

Limitation

Trauma exposure and its timing were based on self-reported information, which may be influenced by the patient’s
condition, substance use, and recall bias related to the time elapsed since the events occurred. Another limitation is the
small number of cases for several trauma types when comparing sexes, resulting in limited statistical power. In addition,
patients may have experienced multiple-trauma types, and therefore trauma categories were not mutually exclusive and
may have overlapped. The outcome measure, namely retention, included mortality and treatment discontinuation, which
may differ across subgroups. Finally, although the findings were derived from a single clinic, one of 13 in Israel, and the
only one with CARF accreditation, located within a large (1500-bed) university medical center in Tel Aviv that serves
a catchment area of over one million people, the data may limit generalizability.

Conclusions

The traumatic experiences that differed between sexes were not associated with long-term retention and did not alter the
comparable outcomes observed between males and females. A larger sample is needed to confirm the findings of shorter
cumulative retention among males with a history of rape and to better understand the similarity in characteristics between
patients with no trauma history and those exposed to trauma prior to substance use.
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