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ABSTRACT
Objective: This study aimed to estimate the survival probabilities 
related to the occurrence of major depressive episodes (MDEs) 
after the onset of substance use disorders (SUDs) using data from 
the 2012–2013 National Epidemiologic Survey on Alcohol and 
Related Conditions-III.

Methods: The Alcohol Use Disorder and Associated Disabilities 
Interview Schedule-5 was used to diagnose SUD, and psychiatric 
diagnoses were based on the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition. Individuals with incidents of various 
SUDs with no prior history of MDEs (n = 5,987 with alcohol use 
disorder [AUD], 1,353 with cannabis use disorder [CUD], 351 with 
opioid use disorder [OUD], 827 with stimulant use disorder [STUD], 
and 5,363 with nicotine use disorder [NUD]) were included. The 
survival probabilities of these groups were compared to those of 
a control group without an SUD (n = 20,034). Outcome measures 
included the number of years from the age at SUD onset until MDE 
occurrence or the time of the interview.

Results: The probabilities of experiencing MDEs after 1 year were 
3.56%, 4.80%, 7.78%, 8.46%, and 5.31% for AUD, CUD, OUD, STUD, 
and NUD, respectively. The groups differed statistically significantly 
from each other and from the control group (P < .0001). Individuals 
with AUD and STUD, respectively, had a lower and higher 
probability of having an MDE compared to those with other SUDs. 
Young age, family history of depression, anxiety disorder presence, 
and failure to achieve full remission consistently predicted an MDE 
for all substances.

Conclusions: The findings highlight that users of all studied 
substances have an increased probability of having an MDE over 
the lifespan.
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The rate of occurrence of major depressive episodes 
(MDEs) has increased over the last decade. The 

co-occurring increase in substance use disorders (SUDs) 
has contributed to this increase in certain populations.1 An 
estimated 10% of the burden of depression is attributed to 
an SUD.2 National studies have indicated that 14.50% of 
individuals with an SUD experienced an MDE during a 
12-month period,3 with a much higher co-occurrence in 
clinical samples.4 Comorbid depression affects the ability to 
achieve abstinence from substance use.4 This comorbidity 
predicts poorer outcomes, including suicidality.5,6

The relationship between an SUD and an MDE can be 
described as bidirectional.3 Longitudinal studies and meta-
analyses2,7–10 have indicated that the strongest relationship 
between an SUD and depression occurs when substance 
use appears first, rather than vice versa, and substance use 
increases the risk of depression. However, this potentially 
causal relationship remains understudied, and its probability 
of occurrence, associations, demographic differences, 
predictors, and longitudinal effect on depression warrant 
further investigations.2

The effect of an SUD on depression can be direct or 
indirect. An SUD commonly indicates that the substance 
might have affected an individual’s social relationships, 
occupational performance, or academic functioning, and 
there may also be financial and legal ramifications.11–13 
These are well-known risk factors that could trigger an 
MDE. Physiologically, long-term substance use reduces 
dopamine receptor expression and dopamine release, 
leading to dopamine hypofunction,14 which decreases 
euphoria or motivation to perform usual daily activities.15 
Prolonged substance use will also increase the cingulate 
cortex’s sensitivity to stress, resulting in higher reactivity 
to stress and negative emotions, which increase the risk of 
depression.15–17 Studies18,19 have shown that individuals with 
alcohol use disorder (AUD), nicotine use disorder (NUD), or 
other SUDs have high levels of proinflammatory cytokines, 
which are positively associated with depression symptoms. 
Although all commonly abused substances appear to affect 
the immune system, their effects use different pathways 
that induce the production of different proinflammatory 
cytokines.18 For example, a study18 found that in individuals 
with AUD, the levels of interleukin-6 were associated with 
depression scores, while in individuals with disorders 
involving illicit substances, the levels of tumor necrosis 
factor-α were associated with depression scores.
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Clinical Points
■■ Information on the lifespan probability of major depressive 

episode (MDE) occurrence after the onset of a substance 
use disorder (SUD) is highly valuable to the public.

■■ Patients with an SUD should be clearly informed of the 
risk of experiencing an MDE after screening for clinical risk 
factors.

■■ Clinicians should encourage their patients to achieve 
remission of an SUD to reduce the risk of developing an 
MDE.

A longitudinal study20 on the first two waves (2001–
2004) of the National Epidemiologic Survey on Alcohol 
and Related Conditions (NESARC) identified a strong 
association between SUDs and MDEs. However, the survival 
probability was not assessed; the results did not differentiate 
between commonly abused substances such as cannabis 
and opioids and did not examine predictors associated 
with specific substances. Furthermore, the Diagnostic 
and Statistical Manual of Mental Disorders (DSM), Fourth 
Edition, criteria were used to diagnose AUD and other 
SUDs, but the criteria have since been modified in the 
DSM Fifth Edition (DSM-5). A multinational study21 with 
an older population (older than 55 years) found that the 
median survival time to the first MDE after alcohol abuse 
was 8.2 years. Another study,22 based on national population 
cross-sectional data (2001–2003), reported that the SUD 
onset increased the odds of developing a mood disorder by 
1- to 5-fold, with a mean onset of 11 years after SUD onset. 
Several studies have indicated a strong relationship between 
cannabis and the later development of depression, but only 
one study23 had a lifelong prospective design, including 285 
individuals, and found that early-onset use of cannabis is 
associated with depressive symptoms.

To our knowledge, there is no available information 
on the lifespan occurrence (survival probability) of MDEs 
after the onset of an SUD, and there is limited information 
on predictors of MDEs in association with various SUDs. 
This information is crucial for public health awareness and 
prevention of MDE; therefore, we performed the first study 
evaluating the survival probabilities of MDE occurrence 
after the onset of an SUD. We studied AUD and other 
common SUDs, including cannabis use disorder (CUD), 
stimulant use disorder (STUD), opioid use disorder (OUD), 
and NUD,24 and assessed sociodemographic and clinical 
predictors of the first MDE for each of those 5 SUDs. We 
compared these survival probabilities to those of a control 
group who did not develop any of these SUDs.

METHODS

Population
The data were collected from the 2012–2013 NESARC-

III.25 A probability-based sampling technique randomly 
selected adults from the US population with certain race/

ethnicities (Hispanic, Black, and Asian) being oversampled 
in this survey. Other details are described elsewhere.25 This 
study received approval from the Centre for Addiction and 
Mental Health’s Research Ethics Board (099-2019-01).

Exposure
The exposure group consisted of individuals with known 

first onset of prior to past-year AUD (n = 7,785), CUD 
(n = 1,748), OUD (opioid analgesics and heroin; n = 650), 
STUD (cocaine and amphetamines; n = 1,323), and NUD 
(n = 6,918). We excluded individuals who reported their first 
MDE prior to the onset of the SUD (n = 1,339 for AUD, 334 
for CUD, 228 for OUD, 315 for STUD, and 1,021 for NUD) 
and those with missing data, ie, unknown age at onset for 
either the MDE or the SUD (n = 163 for AUD, 19 for CUD, 
9 for OUD, 28 for STUD, and 534 for NUD). If the reported 
age at onset of the SUD was the same as that of the MDE, 
we excluded individuals who reported that the first MDE 
occurred prior to the onset of the SUD (n = 296 for AUD, 42 
for CUD, 62 for OUD, and 153 for STUD) (this information 
was not available for NUD). The final sample consisted of 
5,987 individuals with AUD, 1,353 with CUD, 351 with 
OUD, 827 with STUD, and 5,363 with NUD. Our control 
group included individuals without a lifetime diagnosis of 
any of the examined substances (n = 21,272). We excluded 
individuals who reported their first MDE prior to 19 years 
of age (the earliest age at onset of the SUDs examined) 
(n = 1,161) and those with missing data, ie, unknown age at 
onset of their MDE (n = 75). The final sample size consisted 
of 20,036 individuals in the control group.

Outcomes and Covariates
We defined an event as the occurrence of the first MDE 

(independent or substance-induced) from the time of 
diagnosis of AUD/CUD/OUD/STUD/NUD (origin time). 
The duration of the “observation period” was the number 
of years (in person-years) from the diagnosed onset of the 
SUD until the first MDE or the interview (right censoring); 
for the control group, the observation period was from 19 
years of age until the first MDE or the interview.

The NESARC-III employed a fully structured interview, 
the Alcohol Use Disorder and Associated Disabilities 
Interview Schedule-5, to diagnose all SUDs; all other 
psychiatric diagnoses were based on the DSM-5 criteria.

We used 19 questions from the NESARC-III to assess 
childhood adversities, which were adapted from two 
validated scales.26,27 These questions are described in detail 
elsewhere.28 The total score of childhood adversities was 
summed from the scores of all questions.

Statistical Analyses
The weighted frequencies and their 95% CIs are reported 

for each SUD group. The probability of an MDE was defined 
as the proportion of individuals who experienced an MDE 
at different time points in each SUD group. Survival analysis 
curves of all analyses are presented as one graph for each 
substance. We used discrete-time analysis to predict the 
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occurrence of MDEs because this method is reportedly 
the best when there are many individuals experiencing an 
event at a particular time and when the timing of the event 
is not specific, as was the case in our sample.29 We used a 
semiparametric Cox regression hazards model that does not 
make any assumption regarding the probability distribution 
of event times.29

Certain predictor variables that might affect the 
occurrence of MDEs were selected for inclusion in the 
model, as previously reported. These predictors were age at 
SUD onset, age at the time of the interview, sex, employment 
status,4 marital status, ethnicity, family history of depression 
and SUD,5 level of education, and childhood adversities.30 
We also included the number of satisfied SUD criteria at 
the time of occurrence of the disorder. Time-dependent 
variables were lifetime history of at least one anxiety disorder 
(generalized anxiety disorder, social anxiety disorder, panic 
disorder, agoraphobia or specific phobia),31 posttraumatic 
stress disorder, bipolar disorder, and other lifetime SUDs. 
The exposure groups could have lifetime diagnoses of a 
single SUD or multiple SUDs. The effect of each added SUD 

was also used as a predictor variable for the occurrence of 
MDE. All of these variables were tested for violation of the 
proportional hazards model using Schoenfeld residuals. If 
any variable was significant, then we estimated the extended 
model by testing the interaction of this variable with time 
and whether the coefficient was significant, which allowed 
for non-proportional hazards.

Taylor series linearization methods implemented in 
Statistical Analysis Software (SAS) version 9.4 (2015) were 
used in the analysis to account for the complex survey 
design. The level of significance was set at P < .05.

RESULTS

Demographics of the Sample
Table 1 demonstrates the demographic and clinical 

information for each of the 5 groups. The earliest age at 
SUD onset was for cannabis (19.07 years), followed by 
alcohol (22.97 years), stimulants (23.11 years), nicotine 
(23.31 years), and opioids (24.25 years). The majority ethnic 
group was White for all 5 SUD groups. The percentage of 

Table 1. Demographic and Clinical Variables of Individuals With Different Substance Use Disordersa

Characteristic
AUD

(n = 5,987)
CUD

(n = 1,353)
OUD

(n = 351)
STUD

(n = 827)
NUD

(n = 5,363)
Age at the time of the interview,  

mean (95% CI), y 
43.89 (43.32–44.47) 39.35 (38.48–40.21) 38.53 (36.74–40.32) 44.65 (43.55–45.76) 47.04 (46.48–47.60)

Substance use disorder age at 
onset, mean (95% CI), y

22.97 (22.77–23.17) 19.07 (18.75–19.40) 24.25 (23.23–25.28) 23.11 (22.52–23.71) 23.31 (22.98–23.64)

Female 36.25 (35.07–37.44) 32.87 (30.13–35.60) 37.99 (33.46–42.51) 38.34 (34.28–42.39) 41.72 (40.10–43.34)
White 77.54 (75.91–79.17) 73.77 (70.79–76.74) 80.20 (76.02–84.37) 78.20 (74.96–81.45) 79.37 (77.77–80.97)
Marital status

Married for the duration of  
follow-up period

7.84 (7.08–8.60) 2.07 (1.20–2.94) 7.53 (5.26–9.80) 3.57 (2.32–4.82) 11.51 (10.30–12.71)

Other (separated/divorced or 
married during follow-up)

69.55 (67.92–71.18) 66.49 (63.59–69.39) 60.51 (55.08–65.94) 74.70 (71.17–78.22) 69.37 (67.58–71.17)

Never married 22.61 (21.10–24.12) 31.44 (28.54–34.34) 31.96 (26.57–37.34) 21.74 (18.40–25.08) 19.12 (17.71–20.53)
Unemployed, mean (95% CI), wk 34.67 (29.45–39.90) 33.44 (24.13–42.75) 66.46 (40.37–92.56) 49.85 (37.64–62.07) 50.32 (44.38–56.26)
High school education or less 28.62 (26.94–30.30) 31.78 (28.74–34.82) 38.62 (33.01–44.24) 33.86 (30.07–37.65) 36.82 (34.76–38.89)
No. of use disorder criteria when 

diagnosed, mean (95% CI)
5.63 (5.55–5.71) 5.50 (5.36–5.63) 6.46 (6.05–6.87) 6.71 (6.38–7.04) 5.01 (4.93–5.10)

Achieved remission prior to MDE 8.70 (7.78–9.62) 14.20 (12.42–15.99) 55.69 (50.32–61.05) 11.58 (8.83–14.33) 33.92 (32.21–35.64)
Family history of AUD/SUD 53.52 (51.98–55.10) 49.25 (46.28–52.23) 56.32 (50.84–61.80) 48.66 (44.03–53.29) 62.16 (60.53–63.80)
Family history of MDD 50.52 (49.08–51.96) 61.84 (58.82–64.86) 59.14 (53.02–65.27) 53.42 (49.48–57.36) 50.17 (48.46–51.88)
Borderline personality disorder 17.05 (15.97–18.12) 27.48 (24.45–30.51) 36.15 (29.86–42.43) 31.26 (27.86–34.66) 18.16 (16.80–19.52)
Schizotypal personality disorder 6.06 (5.46–6.66) 12.28 (10.43–14.13) 16.00 (11.99–20.02) 11.45 (9.28–13.63) 7.13 (6.36–7.91)
Antisocial personality disorder 5.31 (4.62–5.99) 11.60 (9.16–14.04) 20.48 (15.44–25.52) 13.11 (9.93–16.29) 5.99 (5.11–6.86)
Presence of anxiety disorder(s)

1 disorder 15.62 (14.46–16.78) 18.87 (15.75–21.99) 23.37 (18.09–28.65) 20.91 (17.15–24.66) 17.75 (16.44–9.07)
2 disorders 5.14 (4.42–5.85) 6.79 (4.94–8.64) 7.02 (4.08–9.96) 7.38 (5.28–9.48) 5.30 (4.51–6.09)
3 disorders 1.42 (1.01–1.82) 2.38 (1.38–3.39) 2.60 (0.33–4.86) 2.61 (1.38–3.85) 1.94 (1.49–2.39)
4 disorders 0.76 (51–1.01) 1.46 (0.42–2.51) 1.65 (0.05–3.24) 1.12 (0.37–1.87) 0.85 (0.19–0.55)
5 disorders 0.23 (0.12–0.35) 0.04 (0.00–0.13) 0.49 (0.00–1.18) 0.25 (0.09–0.41) 0.37 (0.19–0.55)

Lifetime disorders
Bipolar disorder 3.56 (2.89–4.23) 5.71 (4.30–7.12) 7.63 (4.31–10.96) 7.32 (5.12–9.52) 3.99 (3.33–4.65)
PTSD 8.44 (7.58–9.29) 13.37 (11.26–15.48) 20.32 (15.10–25.54) 16.41 (12.79–20.03) 10.28 (9.33–11.23)
AUD … 78.72 (76.25–81.19) 79.90 (75.31–84.48) 80.43 (77.15–83.71) 57.99 (56.03–59.96)
CUD 16.81 (15.60–18.02) … 40.97 (35.38–46.56) 39.95 (35.23–44.67) 17.51 (16.08–18.94)
OUD 5.36 (4.63–6.09) 12.60 (10.46–14.75) … 17.25 (14.47–20.04) 5.53 (4.82–6.24)
STUD 10.91 (9.99–11.84) 25.83 (23.03–28.62) 41.11 (35.61–46.61) … 5.62 (4.77–6.46)
NUD 52.71 (50.81–54.62) 70.90 (67.13–74.67) 74.85 (70.77–78.94) 79.50 (76.14–82.87) … 

Childhood adversities score,  
mean (95% CI)

27.65 (27.31–28.00) 29.49 (28.87–30.10) 30.94 (29.85–32.03) 30.51 (29.63–31.39) 28.21 (27.88–28.53)

aValues are shown as % (95% CI) unless otherwise noted.
Abbreviations: AUD = alcohol use disorder, CUD = cannabis use disorder, MDE = major depressive episode, NUD = nicotine use disorder, OUD = opioid use 

disorder, PTSD = posttraumatic stress disorder, STUD = stimulant use disorder, SUD = substance use disorder.
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Table 2. Probability of Major Depressive Episode Incidence at Each Time Point for Each Substance Use Disordera

Time Point

Alcohol Use 
Disorder

(n = 5,987)

Cannabis Use 
Disorder

(n = 1,353)

Opioid Use 
Disorder
(n = 351)

Stimulant Use 
Disorder
(n = 827)

Nicotine Use 
Disorder

(n = 3,563)
Control Group

(n = 20,036)
Within the same year 1.62 (1.32–1.96) 2.14 (1.47–3.02) 4.84 (2.93–7.45) 4.96 (3.62–6.59) 3.26 (2.81–3.76) 0.45 (0.36–0.55)
Year 1 3.56 (3.11–4.05) 4.80 (3.75–6.04) 7.78 (5.27–10.91) 8.46 (6.69–10.49) 5.31 (4.74–5.94) 0.93 (0.81–1.08)
Year 2 5.30 (4.75–5.89) 7.65 (6.31–9.15) 10.81 (7.80–14.38) 11.26 (9.22–13.53) 7.09 (6.42–7.80) 1.34 (1.19–1.51)
Year 3 6.94 (6.31–7.61) 10.36 (8.79–12.07) 12.09 (8.88–15.83) 13.47 (11.24–15.90) 8.33 (7.61–9.10) 1.89 (1.71–2.09)
Year 4 8.35 (7.65–9.08) 12.20 (10.50–14.03) 13.46 (10.04–17.38) 15.33 (12.96–17.88) 9.68 (8.90–10.50) 2.30 (2.10–2.52)
Year 5 9.68 (8.93–10.47) 14.01 (12.19–15.96) 15.98 (12.21–20.22) 16.84 (14.37–19.49) 11.03 (10.20–11.90) 2.66 (2.44–2.89)
Year 6 10.80 (10.00–11.63) 15.78 (13.85–17.84) 16.76 (12.87–21.09) 17.75 (15.21–20.45) 12.27 (11.39–13.19) 3.31 (3.07–3.57)
Year 7 11.92 (11.08–12.79) 17.73 (15.67–19.89) 18.82 (14.64–23.41) 19.33 (16.69–22.12) 13.48 (12.55–14.44) 3.76 (3.50–4.04)
Year 8 12.75 (11.88–13.66) 19.09 (16.96–21.32) 21.10 (16.59–25.98) 21.36 (18.59–24.26) 14.43 (13.47–15.42) 4.20 (3.92–4.49)
Year 9 13.88 (12.97–14.83) 20.98 (18.74–23.31) 22.04 (17.41–27.03) 22.77 (19.91–25.75) 15.52 (14.53–16.55) 4.75 (4.45–5.06)
Year 10 15.20 (14.23–16.19) 21.95 (19.66–24.33) 24.98 (19.96–30.30) 24.65 (21.69–27.73) 16.88 (15.84–17.95) 5.13 (4.82–5.45)
aAll values are shown as % (95% CI). 

female individuals ranged from 32.87% to 41.72% across the 
5 groups. The average severity of the SUD was moderate in 
the AUD, NUD, and CUD groups and severe (≥ 6 criteria) 
in the OUD and STUD groups.

Probability of MDE Development  
After the Onset of SUD

The probability of MDE development within the same 
year was 1.62%, 2.14%, 4.84%, 4.96%, 3.26%, and 0.45% for 
the AUD, CUD, OUD, STUD, NUD, and control groups, 
respectively. The probability for an MDE after 1 year was 
3.56%, 4.80%, 7.78%, 8.46%, 5.31%, and 0.93% for the AUD, 
CUD, OUD, STUD, NUD, and control groups, respectively. 
The 5-year probability of MDE development was 9.68%, 
14.01%, 15.98%, 16.84%, 11.03%, and 2.66% after the 
onset of AUD, CUD, OUD, STUD, and NUD and in the 
control group, respectively. Figure 1 presents the survival 

aWilcoxon P < .0001.
Abbreviations: AUD = alcohol use disorder, CUD = cannabis use disorder, OUD = opioid use disorder, 

NUD = nicotine use disorder, STUD = stimulant use disorder.

Figure 1. Survival Probability of Developing a First Major Depressive Episode After the Onset 
of Substance Use Disordera
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probabilities for the 5 groups and the control group. Table 
2 presents the probabilities and CIs for the first 10 years for 
each SUD group and the control group. Log rank tests of 
equality between the groups revealed statistically significant 
differences (χ2 = 2160.50, P < .0001).

Predictors of MDEs
Supplementary Table 1 and Table 3 demonstrate the 

univariate and multivariate discrete-survival analyses, 
respectively, for the 5 substance groups.

Sociodemographic Predictors
Young age at the time of the interview predicted MDEs 

associated with the use of all 5 substances. Each year younger 
at the time of the interview increased the risk of developing 
an MDE by 4% for all 5 groups. Female sex was a predictor 
of MDEs in both the univariate and multivariate analyses for 
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Table 3. Multivariate Analysis of Sociodemographic and Clinical Predictors of a Major Depressive Episode in Individuals With 
Different Substance Use Disordersa

Characteristics

Alcohol use 
Disorder

(n = 5,987)
HR (95% CI)

Cannabis use 
Disorder

(n = 1,353)
HR (95% CI)

Opioid use 
Disorder
(n = 351)

HR (95% CI)

Stimulant use 
Disorder
(n = 827)

HR (95% CI)

Nicotine use 
Disorder

(n = 3,563)
HR (95% CI)

Age at time of the interview 0.97 (0.96–0.98) 0.95 (0.94–0.96) 0.94 (0.91–0.96) 0.96 (0.94–0.97) 0.96 (0.95–0.97)
SUD age at onset 1.03 (1.01–1.04) 1.02 (0.99–1.05) 1.05 (1.02–1.08) 1.01 (0.98–1.05) 1.03 (1.03–1.04)
No. of use disorder criteria when diagnosed 1.07 (1.03–1.11) 1.09 (1.05–1.14) 1.11 (1.03–1.19) 1.05 (1.00–1.11) 1.08 (1.05–1.11)
Achieving full remission prior to MDE 0.36 (0.31–0.42) 0.26 (0.21–0.34) 0.20 (0.12–0.34) 0.48 (0.35–0.65) 0.32 (0.28–0.38)
Female 1.37 (1.20–1.57) 1.35 (1.03–1.78) 0.97 (0.59–1.57) 1.39 (1.00–1.94) 1.65 (1.41–1.91)
White 1.12 (0.98–1.28) 1.57 (1.17–2.10) 1.08 (0.74–1.57) 0.88 (0.62–1.26) 1.02 (0.89–1.17)
Marital status

Married for the duration of follow-up period 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
Other (separated/divorced or married during 

follow-up)
1.21 (0.87–1.68) 2.36 (0.77–7.25) 2.31 (0.82–6.49) 4.82 (1.28–18.17) 1.52 (1.15–2.00)

Never married 1.01 (0.69–1.48) 1.96 (0.61–6.34) 1.88 (0.62–5.71) 4.34 (1.09–17.25) 1.43 (1.02–2.01)
Number of weeks unemployed 1.00 (1.00–1.00) 1.00 (0.99–1.00) 1.00 (0.99–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00)
Educationb 1.01 (0.98–1.04) 1.06 (0.99–1.13) 1.08 (0.96–1.21) 0.95 (0.86–1.05) 1.01 (0.98–1.04)
Family history of AUD/SUD 1.11 (0.97–1.28) 0.99 (0.78–1.26) 1.46 (0.82–2.63) 1.18 (0.94–1.62) 1.04 (0.90–1.20)
Family history of MDD 2.11 (1.80–2.47) 1.84 (1.44–2.35) 2.46 (1.47–4.10) 2.00 (1.55–2.60) 1.96 (1.67–2.30)
Borderline personality disorder 1.54 (1.29–1.83) 1.26 (0.93–1.73) 1.28 (0.83–1.98) 1.00 (0.69–1.45) 1.50 (1.24–1.80)
Schizotypal personality disorder 0.98 (0.76–1.26) 0.75 (0.50–1.14) 0.73 (0.33–1.60) 0.94 (0.58–1.55) 1.08 (0.88–1.32)
Antisocial personality disorder 0.98 (0.77–1.25) 0.97 (0.67–1.40) 0.78 (0.36–1.69) 1.22 (0.84–1.76) 0.90 (0.72–1.12)
Presence of anxiety disorder(s)

1 disorder 1.93 (1.70–2.21) 1.66 (1.31–2.10) 1.11 (0.59–2.12) 1.77 (1.26–2.49) 1.71 (1.48–1.98)
2 disorders 1.65 (1.26–2.16) 1.35 (0.84–2.17) 2.51 (1.11–5.68) 1.92 (1.15–3.21) 1.75 (1.39–2.22)
3 disorders 2.04 (1.38–3.01) 1.88 (1.12–3.18) 1.37 (0.45–4.22) 1.38 (0.59–3.26) 2.08 (1.51–2.86)
4 disorders 2.47 (1.61–3.90) 4.15 (1.57–11.00) 3.87 (0.55–27.29) 2.62 (1.27–5.39) 1.36 (0.97–1.91)
5 disorders 2.87 (1.21–6.77) 4.21 (2.63–6.75) 2.36 (0.09–60.32) 2.45 (1.33–4.51) 2.27 (1.36–3.79

Lifetime disorders
Bipolar disorder 1.01 (0.75–1.34) 1.22 (0.82–1.81) 0.47 (0.19–1.15) 1.50 (0.91–2.48) 1.17 (0.91–1.50)
PTSD 1.22 (0.98–1.52) 1.05 (0.75–1.46) 1.15 (0.67–1.97) 1.32 (0.87–2.00) 1.06 (0.88–1.29)
Alcohol use disorder 0.84 (0.62–1.13) 0.90 (0.47–1.72) 0.90 (0.61–1.33) 1.07 (0.93–1.22)
Cannabis use disorder 1.11 (0.95–1.30) 2.07 (1.23–3.50) 1.15 (0.85–1.54) 1.9 (0.93–1.27)
Opioid use disorder 0.97 (0.78–1.21) 1.10 (0.76–1.62) 0.85 (0.57–1.28) 0.99 (0.79–1.25)
Stimulant use disorder 0.73 (0.55–0.96)* 1.07 (0.77–1.48) 1.07 (0.67–1.70) 1.11 (0.89–1.39)
Nicotine use disorder 1.05 (0.94–1.19) 1.30 (0.97–1.73) 1.01 (0.57–1.77) 1.33 (0.90–1.95)

Childhood adversities 1.00 (0.99–1.01) 1.01 (0.99–1.02) 1.00 (0.98–1.02) 1.00 (0.99–1.02) 1.01 (1.00–1.01)
aAll values are shown as HR (95% CI). Bold indicates statistical significance (P < .05).
bEducation was evaluated as a continuous variable.
*Interaction with time.
Abbreviations: AUD = alcohol use disorder, HR = hazard ratio, MDD = major depressive disorder, MDE = major depressive episode, PTSD = posttraumatic stress 

disorder, SUD = substance use disorder.

AUD, NUD, and CUD. Individuals who were never married 
had higher hazard ratios for MDEs in all groups, except for 
CUD, in the univariate analysis. However, marital status was 
not a statistically significant predictor after adjusting for 
sociodemographic and clinical variables, except for STUD 
and NUD. Being White was associated with a higher risk for 
developing an MDE only in the CUD group.

Clinical Predictors
Age at SUD onset was a predictive factor for MDE in the 

AUD (P = .01), NUD (P < .01), and OUD (P < .01) groups 
after controlling for other covariates. Disorder severity 
(based on the number of SUD criteria met) predicted MDEs 
for all groups except for the STUD group (AUD: P = .03, 
CUD: P < .01, OUD: P = .01, STUD: P = .08, NUD: P < .01). 
For each additional criterion met for AUD, NUD, CUD, 
and OUD, there was an increased risk for MDE onset of 
7%, 8%, 9%, and 11%, respectively. We conducted an 
additional analysis comparing the probability of first MDEs 
among each SUD based on different severities (Figure 2). 
Individuals with severe SUD had the highest probability of 

depression compared to those with moderate and mild SUDs 
for each substance. The test of equality among the different 
severities showed statistically significant differences for all 
substances except for opioids (Figure 2).

Achievement of full SUD remission prior to the onset 
of the first MDE was a protective factor, which remained 
statistically significant after controlling for all covariates in 
all 5 groups (all groups, P < .01).

Family history of a first-degree relative with major 
depressive disorder predicted an MDE after the onset of 
substance use for all substances (all P < .01). The hazard 
ratio for developing an MDE in an individual with AUD 
and a family history of depression was 2.11, and 1.84, 1.96, 
2.46, and 2.00 for those with CUD, NUD, OUD, and STUD, 
respectively. A diagnosis of borderline personality disorder 
predicted an MDE for AUD and NUD (P < .01). The presence 
of 2 or more anxiety disorders consistently predicted an 
MDE for most substances, with a hazard ratio of 1.65 or 
higher. The comorbidity of CUD and OUD increased the 
probability of MDE occurrence after controlling for all 
covariates (P = .01). Childhood adversity was a predictor of 
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aEach figure shows the probabilities for individuals with that disorder of varying severity: AUD: Wilcoxon P < .001, CUD: Wilcoxon P < .001, NUD: Wilcoxon 
P < .001, OUD: Wilcoxon P = .117, STUD: Wilcoxon P < .001. 

Abbreviations: AUD = alcohol use disorder, CUD = cannabis use disorder, OUD = opioid use disorder, NUD = nicotine use disorder, STUD = stimulant use 
disorder.

Figure 2. Survival Probability of a First Major Depressive Episode per Each Substance Use Disorder Based on Its Severitya
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MDEs in AUD, NUD, CUD, and STUD in the univariate 
analysis, but it lost its significance after controlling for other 
covariates in all groups except for NUD.

DISCUSSION

Multiple studies have reported that the SUD onset 
increases the odds of experiencing an MDE.21,22,32 Here, 
based on a national representative sample, we estimated 
that the probability of a first MDE after the onset of AUD, 
CUD, OUD, STUD, and NUD was 3.6%, 4.8%, 7.8%, 8.5%, 
and 5.3%, after 1 year from the diagnosed onset. These 
probabilities were significantly different from the probability 
of MDE in the control group without SUD (0.9%). The 
incident rate of MDE in the first year for AUD was similar 
to rates reported after heavy drinking in a Canadian national 
sample.33 After 10 years from the diagnosed onset, the 
respective probabilities were 15.2%, 22.0%, 25.0%, 24.7%, 
and 16.9%, indicating that in individuals with AUD, the risk 
of MDE steadily increases with time but remains lower than 
the risk in individuals with NUD, OUD, STUD, and CUD. 
The highest probability of an MDE was seen in the STUD 
group. The initial risk associated with CUD was similar to 
that associated with AUD, but then increased substantially 
over time, approaching the rates seen in individuals with 
OUD and STUD. This information is highly important for 
individuals with CUD who commonly use cannabis for years, 
as it raises awareness of the risk of not managing the disorder 
earlier. The legal status of the substance; the effect of the 
SUD on the social, occupational, or academic domains; and 
the aforementioned different pathways of its physiologic 
effect can possibly explain the different risks for MDE across 
substances. These risks significantly increased in our sample 
if other variables predictive of an MDE were also present.

Among the sociodemographic variables, female sex was a 
predictor for an MDE in AUD, NUD, and CUD, consistent 
with the findings of other studies showing that female sex 
predicted MDEs.21 Younger age was a strong predictor of 
MDEs for all substances, which might reflect the major 
impact of SUD diagnoses on the lives of young individuals 
and the developing brain relative to that in older populations, 
but it might also reflect lower recall bias.

The strong predictability of a family history of depression 
suggests that AUD and other SUDs trigger a genetic allele 
that is associated with depression.34 Previous studies35,36 have 
found that certain polymorphisms predispose individuals 
to both AUD and MDEs. There is also evidence for shared 
genetic factors associated with CUD, AUD, and MDE,37 and 
the interaction between environmental and genetic factors 
plays a role in the development of SUDs and MDEs. For 
example, individuals with low expression of the serotonin 
transporter genotype expressed high stress reactivity when 
exposed to stress as well as preference to use substances 
and exhibited more depressive symptoms.38 Another 
study39 showed that the association between alcohol use 
and subsequent depression is high in female carriers of the 
serotonin transporter 5-HTTLPR short allele. This increased 

risk can be useful for individuals presenting at the clinic who 
have an SUD and family history of depression.

High levels of anxiety symptoms were also associated 
with MDEs in previous studies.20,31,40 Here, we found that 
the presence of at least 1 anxiety disorder predicted MDEs 
in all groups. This finding highlights the importance of 
screening for multiple comorbid anxiety disorders and 
trauma/posttraumatic stress disorder in patients presenting 
for SUD treatment.

Individuals who did not achieve full remission were 
at 2, 3, 4, and 5 times higher risk for developing MDEs 
than individuals who achieved full remission for STUD, 
AUD/NUD, CUD, and OUD, respectively, reflecting the 
importance of helping patients achieve full SUD remission 
to prevent an MDE. This information can be very motivating 
for individuals with an SUD to achieve remission to prevent 
an MDE.

Previous studies have reported that the more severe the 
SUD, the greater the risk of developing depression.41 Here, 
we estimated that for each level of additional severity based 
on the DSM-5 criteria for diagnosing SUD, the hazard risk 
of developing depression increased by 7% for AUD, 8% for 
NUD, 9% for CUD, and 11% for OUD. STUD was unaffected 
by the number of satisfied criteria, possibly because there 
was a higher average number of criteria met when STUD 
was diagnosed (severe) compared to when AUD and CUD 
(moderate) were diagnosed. The lack of relationship between 
level of severity and risk of developing depression could 
also be attributable to the smaller size of the STUD group 
relative to the sizes of the AUD and CUD groups. Figure 
2 shows the significant probability of developing an MDE 
in individuals with severe AUD in comparison with mild 
AUD in the presence of other risk factors in both groups. 
We could propose that there is value in aiming to decrease 
the severity criteria to prevent an MDE, but this cannot be 
confirmed from our data. Therefore, we recommend early 
intervention including screening for SUD and engaging 
patients in treatment if an SUD is found, which could involve 
medication to reduce cravings, withdrawal, or overdose, and 
it can be combined with psychosocial treatment, such as 
motivational interviewing, the 12-step program, cognitive-
behavioral therapy, and referral to a social worker.

Limitations
This analysis used retrospective data, which might raise 

the risk of recall bias. We excluded individuals who did 
not remember their age at the onset of the MDE or SUD. 
The standard survival analysis methods assume that right 
censoring is non-informative, meaning that a person who 
had not developed depression by the time of the interview is 
not at risk; this assumption might have introduced bias given 
the varied reporting times in our individuals.29 However, our 
participants reported at least 1 year’s worth of information 
prior to the interview, so the probabilities over the first year 
may be more accurate. We also included and controlled for 
age at the time of the interview to reduce these confounders. 
Another limitation in our model was missing information 
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regarding important sociodemographic variables, including 
income and precise marital status at the time of diagnosis, 
and important clinical variables such as the amount and 
duration of substances used, which are reported predictors 
of depression.42

In summary, we reported, for the first time, the survival 
probabilities of MDE occurrence after an SUD diagnosis. 
AUD, NUD, and CUD are associated with a lower probability 
of MDEs compared to OUD and STUD, but the risk steadily 
increases over time for all substances. The probability of 
MDEs in CUD rises rapidly after 1 year of use, a rate similar 
to that of OUD and STUD. Young age, family history of 
depression, presence of at least 1 anxiety disorder, and failure 

to achieve full remission consistently predicted MDEs for 
all substances. Public awareness and psychoeducation on 
the probability of experiencing an MDE after SUD onset 
can be very useful information for the prevention of the 
development of SUDs for those who use substances. They 
could also motivate those with already developed SUDs to 
seek treatment and achieve remission. Identifying SUDs and 
screening for risk factors are essential for preventing MDEs, 
especially for those with multiple risk factors. Longitudinal 
studies are needed to assess other clinical variables, including 
patterns of drug use and quantity consumed, which could 
predict or prevent an MDE for individuals receiving various 
treatments.
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Supplementary Table 1: Univariate analysis of sociodemographic and clinical predictors of a major 
depressive episode in individuals with substance use disorders.  

Characteristics Alcohol use 
disorder 
(n=5,987) 
HR (95%CI) 

Cannabis use 
disorder 
(n=1,353) 
HR (95%CI) 

Opioid use 
disorder 
(n=351) 
HR (95%CI) 

Stimulant use 
disorder  
(n=827) 
HR (95%CI) 

Nicotine use 
disorder (n= 
3,563) 
HR (95%CI) 

Age at time of interview 0.96 (0.96-0.97) 0.96 (0.95-0.96) 0.96 (0.94-0.98) 0.96 (0.95-0.98) 0.97 (0.96- 
0.97) 

Substance use disorder age at 
onset 

0.98 (0.97-0.99) 0.96 (0.94-0.99) 0.98 (0.96-1.01) 0.98 (0.95-1.01) 0.99 (0.98- 
0.99) 

Number of use disorder criteria 
when diagnosed 

1.10 (1.08-1.13) 1.14 (1.09-1.20) 1.11 (1.02-1.21) 1.11 (1.05-1.17) 1.17 (1.14- 
1.21) 

Achieving remission prior to 
MDE 

0.28 (0.24-0.33) 0.23 (0.19-0.28) 0.25 (0.15-0.40) 0.45 (0.35-0.60) 0.29 (0.25- 
0.33) 

Female 2.06 (1.77-2.40) 1.55 (1.22-1.97) 1.31 (0.82-2.09) 1.81 (1.31-2.51) 1.94 (1.68- 
2.25) 

Ethnicity: White 1.06 (0.92-1.21) 1.10 (0.88-1.39) 1.37 (0.89-2.11) 0.81 (0.61-1.09) 0.97 (0.84- 
1.11) 

Marital status: 
Married for the duration of follow 
up period 

1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00- 
1.00) 

Never married 1.69 (1.18-2.41) 2.82 (0.70-
11.28) 

2.94 (1.18-7.34) 6.78 (2.00-
23.01) 

2.13 (1.61- 
2.83) 

Other (Separated/divorced or 
married during follow up) 

2.38 (1.64- 3.46) 3.62 (0.88-
14.84) 

3.82 (1.48-9.97) 7.43 (2.06-
26.88) 

1.70 (1.34- 
2.15) 

Number of weeks unemployed 1.00 (1.00-1.001) 1.00 (1.00-1.00) 1.00 (0.99-1.00) 1.00 (1.00-1.00) 1.00 (1.00- 
1.00) 

Education 0.99 (0.97-1.02) 0.97 (0.92-1.02) 1.10 (1.00-1.21) 0.99 (0.93-1.06) 0.99 (0.97- 
1.02) 

Family history of AUD/SUD 1.65 (1.44-1.88) 1.60 (1.30-1.97) 2.07 (1.26-3.40) 1.72 (1.29-2.31) 1.69 (1.48- 
1.93) 

Family history of MDD 3.08 (2.61-3.63) 2.68 (2.10-3.42) 2.81 (1.77-4.46) 2.71 (2.01-3.66) 2.98 (2.55- 
3.48) 

Borderline personality disorder 3.11 (2.69-3.59) 2.66 (2.17-3.27) 2.19 (1.40-3.42) 2.12 (1.63-2.77) 3.10 (2.70- 
3.56) 

Schizotypal personality disorder 2.75 (2.28-3.31) 1.87 (1.42-2.46) 1.52 (0.87-2.66) 2.03 (1.44-2.87) 2.89 (2.43- 
3.44) 

Antisocial personality disorder 2.07 (1.66-2.58) 1.72 (1.30-2.28) 1.21 (0.66-2.23) 1.62 (1.16-2.26) 1.85 (1.52- 
2.25) 

The presence of one anxiety 
disorders 
The presence of two anxiety 
disorders 
The presence of three anxiety 
disorders 
The presence of four anxiety 
disorders 
The presence of five anxiety 
disorders 

2.63 (2.31-3.00) 
3.70 (3.00-4.57) 
3.62 (2.56-5.13) 
4.14 (2.57-6.67) 
8.59 (5.52-13.37) 

2.25 (1.79-2.83) 
2.37 (1.70-3.31) 
2.85 (1.86-4.35) 
5.14 (2.41-
10.94) 
3.55 (3.06-4.10) 

1.66 (1.02-2.70) 
2.67 (1.52-4.68) 
1.67 (0.27-10.40) 
4.69 (2.05-10.72) 
3.23 (0.31-33.66) 

1.97 (1.45-2.69) 
3.44 (2.28-5.20) 
2.60 (1.19-5.68) 
4.32 (1.74-
10.74) 
4.00 (2.92-5.46) 

2.42 (2.11- 
2.77) 
3.70 (3.03- 
4.50) 
4.44 (3.31- 
5.95) 
3.97 (2.80- 
5.62) 
7.36 (4.97- 
10.91) 
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Lifetime bipolar disorder 2.82 (2.21-3.62) 2.92 (2.06-4.15) 1.65 (0.80-3.42) 3.32 (2.15-5.13) 3.04 (2.33- 
3.98) 

Lifetime PTSD 2.98 (2.50-3.56) 2.39 (1.82-3.14) 2.53 (1.59-4.02) 2.72 (2.09-3.54) 2.82 (2.36- 
3.37) 

Lifetime alcohol use disorder  1.11 (0.81-1.51) 1.25 (0.72-2.19) 1.14 (0.76-1.72) 1.49 (1.29- 
1.71) 

Lifetime cannabis use disorder 1.81 (1.54-2.13)  1.67 (1.09-2.56) 1.17 (0.91-1.51) 1.78 (1.50- 
2.11) 

Lifetime opioid use disorder 2.07 (1.71-2.50) 1.63 (1.18-2.24)  1.17 (0.82-1.66) 1.95 (1.57- 
2.43) 

Lifetime stimulant use disorder 0.46 (0.37-0.58)* 1.13 (0.89-1.44) 1.16 (0.80-1.67)  1.99 (1.58- 
2.51) 

Lifetime nicotine use disorder 1.35 (1.20-1.51) 1.48 (1.16-1.89) 1.37 (0.83-2.28) 1.34 (0.93-1.94)  
Childhood adversities  1.03 (1.02-1.03) 1.02 (1.02-1.03) 1.02 (0.99-1.03) 1.02 (1.01-1.03) 1.02 (1.02- 

1.03) 
HR: hazard ratio; CI: confidence interval; MDE: major depressive episode; AUD: alcohol use disorder; 
SUD: substance use disorder; MDD: major depressive disorder; PTSD: post-traumatic stress disorder. a: 
education was evaluated as a continuous variable. *: interaction with time. Bold: statistically significant: 
p<0.05 

It is illegal to post this copyrighted PDF on any website. ♦ © 2021  Copyright Physicians Postgraduate Press, Inc.


