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Abstract

Research suggests that the prevalence of marijuana use and depression are
increasing in the United States. Although it is not entirely clear what accounts
for these coincident trends, several studies have shown that these two health
concerns are associated among young people. This study assessed four hypo-
theses regarding the association between marijuana use and depression: 1)
whether marijuana use affects subsequent symptoms of depression; 2)
whether depressive symptoms affect subsequent marijuana use; 3) whether
they are associated in a bidirectional (reciprocal) manner; and 4) whether the
association between the two is confounded by stressful life events. Using eight
years of longitudinal data from the Family Wellness and Health Study, a
fixed-effects regression model provided empirical support for the first hypo-
thesis only, but not for the others. Future research should explore in greater
detail why marijuana use may have a causal impact on experiences with de-
pression among young people.
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1. Introduction

Recent studies have shown that the prevalence of marijuana use increased in the
United States over the past decade [1] [2]. Among young adults, aged 18 - 29, the
percentage reporting past-year marijuana increased from 17.7% in 2005 to 29.2%
in 2015 [1]. Although the prevalence of use has remained steady among high
school students, annual marijuana use among college students reached a level
(39%) not seen since the late 1980s [3].
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The prevalence of depressive disorders has also been on the rise in the United
States [4]. Past month prevalence among adults was about 10% in 2017 [5],
which is substantially higher than in 2002 (6%) [6]. The prevalence of major de-
pressive disorders (MDD) increased from 8.7% in 2005 to 11.3% in 2014 among
adolescents, aged 12 - 17, and from 8.8% to 9.6% among young adults, aged 18 -
25 [7].

These coincident trends among young people are likely due to a host of struc-
tural, demographic, social, and psychological factors. Nonetheless, research has
shown that there is a consistent individual-level association between marijuana
use and depressive symptomatology [8] [9]. It is not clear, though, whether this
association is causal in nature or due to confounding factors. Studies have pro-
vided evidence in support of several hypotheses, including that factors such as
personal and interpersonal stressors affect the probability of both marijuana use
and depressive symptoms (confounding hypothesis) [8] [9]; that more frequent
marijuana use increases the risk of depressive symptoms [10] [11]; and that
young people initiate or increase marijuana use following the onset or rise of
depressive symptoms [12] [13]. The latter interpretation is warranted by the
self-medication hypothesis: Negative emotional states such as those manifest in
depressive symptoms motivate youth to use marijuana or other psychoactive
substances to cope with or minimize these symptoms [13].

Although numerous studies have examined these hypotheses, there is little
consensus regarding which one is most tenable. A recent review that may help
adjudicate among them suggested that alcohol problems and major depression
were linked in a causal manner, but that the most likely direction led from alco-
hol problems to depressive disorders because of metabolic and neurophysiologi-
cal changes resulting from heavy alcohol use [14]. Another study found that
heavy marijuana users manifest less dopamine response, which may affect the
brain’s reward region and lead to negative emotions, including, potentially, dys-
thymic or lugubrious states [15]. Yet these studies were limited to severe forms
of substance use and depressive disorders, and focused primarily on small sam-
ples of adults. Moreover, few studies have considered that marijuana use and
depressive symptoms may be part of a reciprocal causal loop, with each affecting
the other in adolescence and young adulthood [16].

Given the lack of consensus regarding the association and sequencing of ma-
rijuana use and depressive symptoms among young people, the purpose of this
study was to compare four hypotheses. The hypotheses are as follows:

H1: More frequent marijuana use is associated with more symptoms of de-
pression.

H2: More symptoms of depression are associated with more frequent mariju-
ana use.

H3: More frequent marijuana use and symptoms of depression are related re-
ciprocally, with each reinforcing the other over time.

H4: Stressors affect the likelihood of both more frequent marijuana use and
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more symptoms of depression (confounding hypothesis).

The empirical test designed to compare these hypotheses used longitudinal
data that followed a group of young people from adolescence to young adult-
hood (ages 11 - 23).

2. Methods

To examine the hypotheses, eight years of data (1991-1998) from the Family
Wellness and Health Study (FWHS) were utilized [17] [18]. The FWHS was a
prospective cohort (panel) survey conducted in a large, upper Midwestern U.S.
metropolitan area that was designed to assess adolescent behavior and develop-
ment. Families with adolescents were recruited from a variety of local mental
health centers, regular health centers, and the general community. Eligibility
criteria included the presence of at least one child, 10 - 14-years-old, in the
home. Those who satisfied this criterion were invited to participate in the study
along with their current and previous spouses or partners and their children in
the specified age range. Recruitment took place over an 18-month time period. A
total 861 children and adolescents and their parents agreed to participate. Fol-
lowing recruitment, parents and adolescents completed self-administered ques-
tionnaires on an annual basis. These were completed in a private setting, such as
their homes, at an office, or an another convenient location. The questionnaires
included extensive questions about stressful life events, depressive symptoms,
and substance use using validated scales from previous research studies
[19]-[25]. At the time of the first round of data collection, the adolescents were
between 11- and 15-years-old (mean = 12.8). About 98% of respondents com-
pleted questionnaires during all eight years (840/861).

The sample included members of several birth cohorts in an accelerated lon-
gitudinal design [26], thus it was useful for testing the association between ma-
rijuana use and depressive symptoms among adolescents and young adults from
ages 11 to 23. This is an important period of the life course when substance use
increases and decreases among many young people [27].

The sample members were mostly Caucasian (84%), with the rest Afri-
can-American (8%) or members of other racial/ethnic groups (8%). About half
were females (49.3%). The average age during year one was 12.8 and 20.1 during
year eight. The average annual family income was close to $55,000. Comparisons
with U.S. Census Bureau data demonstrated that the FWHS sample was repre-
sentative of the demographic distribution of the population in the local metro-
politan area in terms of race, family income, parental education, family size, and
family structure. The Institutional Review Boards of the university that spon-
sored this research and of the local health centers from which the respondents

were recruited approved this study as satisfying human subjects protections.

2.1. Outcome Variables

Each year, the adolescent respondents were asked to report “On how many oc-
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casions (if any) have you used marijuana (grass, pot) or hashish (hash, hash oil)
during the last 12 months?” The response options were from zero days (coded 0)
to 40 or more days (coded 8). This inquiry was adapted from the Monitoring the
Future study [19]. Since the coding strategy resulted is a substantially skewed va-
riable, a Cox-Box transformation was used to normalize its distribution [28].
This reduced the skewness statistic of the marijuana use variable from 2.3 to 0.8.
It also led to residuals from the regression model that followed a normal distri-
bution more closely than when the original metric was used.

The second outcome variable, depressive symptoms, was based on a set of
questions asked each year from the revised CES depression scale, a 20-item in-
ventory designed to assess the frequency of depressive symptomatology in a typ-
ical week during the previous 30 days [25]. The items included symptoms of
sadness, restlessness, sleeplessness, inability to concentrate, suicidal or self-harm
ideation, and poor appetite. The response categories were from 0 (zero days) to 4
(5 - 7 days). The responses were summed to create a depressive symptoms scale.
Thus, the potential range of the variable was 0-80, although the actual range was
0 - 45 (mean = 13.8, s.d. = 11.7). In order to establish the temporal order of the
outcome variables, each was measured at leading time points. In this way, the
explanatory variables were used to predict subsequent marijuana use and de-

pressive symptoms (e.g., v, = B) + o + &)-

2.2. Stressful Life Events

A measure of stressful events was needed to assess hypothesis 4. Researchers
have classified stressful events as controllable or uncontrollable, which depends
on the volition of the individual [29] [30]. Since depressive symptoms or mari-
juana use may lead to controllable events, such as poor relations or school prob-
lems, thus potentially confounding their causal association, and recent research
indicates that uncontrollable experiences are the principal determinant of men-
tal health problems [29], this study focused on largely uncontrollable events.
These included past-year experiences such as parental mental health problems;
parental divorce or separation; family financial problems; death, illness, or acci-
dents among family or friends; and changes in school or residence. The events
were measured each year by a checklist of 16 items derived from the Junior High
Life Experiences Survey [20] and the Family Inventory of Life Events and Life
Changes [21]. The actual number of life events reported by the respondents

ranged from zero to 12 per year (mean = 1.8; s.d. = 1.7).

2.3. Control Variables

Studies have demonstrated that several variables affect the associations among
marijuana use, depressive symptoms, and stressful life events. For example, re-
search suggests that self-esteem, self-efficacy, and positive family relationships
attenuate the effects of stressful events on marijuana use or depressive symptoms

[30] [31]. Therefore, measures of each of these, along with peer substance use, a
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common predictor of marijuana use [32], and several demographic covariates
were included in the models.

Self-efficacy was measured during each year by Pearlin and Schooler’s mastery
[22] scale. This consisted of seven questions about perceived personal control
over one’s environment; in particular, a sense of helplessness, fatalism, and a
lack of problem-solving ability. Since there was variation in the response pat-
terns across years, each observed variable was standardized within year prior to
creating additive scales. The standardization process consisted of taking the
z-scores of each variable in each year. The zscores were then added together to
create the self-efficacy scale (mean = 0; s.d. = 4.7). Higher scores on this scale
indicated greater perceived control over life. The alpha coefficients for the an-
nual scales ranged from 0.87 - 0.92.

Self-esteem was gauged annually with Rosenberg’s [23] 10-item scale. The
questions inquired about respondents’ feelings of worth, pride, ability, respect,
and satisfaction with life. Higher values indicated higher self-esteem. Since there
was variation in the response patterns of the self-esteem items across years, each
was standardized within year prior to creating additive scales. The standardiza-
tion process consisted of taking the z-scores of each variable in each year. The
z-scores were then summed to create the self-esteem scale (mean = 0; s.d = 6.9).
The alpha coefficients ranged from 0.82 - 0.88.

Family relations were measured each year with 15 questions from the Family
Adaptation and Cohesion Scale (FACES), which asked about family closeness,
support, joint activities, and problem solving [24]. Each constituent variable was
standardized within year prior to creating additive scales. The standardization
process consisted of taking the z-scores of each variable in each year. The
z-scores were then added together to create the family relations scale (mean = 0,
s.d. = 10.4). Higher scores on this scale specified better family relations. The al-
pha coefficients ranged from 0.80 - 0.92.

Peer substance use was based on a set of questions that asked how often the
respondents’ three closest friends (friends could include siblings) engaged in the
following types of substance use in the previous year: alcohol (use and been
drunk), cigarettes, marijuana, and other types of illicit substance use. Responses
to each question ranged from zero times (coded 0) to 31 or more times (coded
6). Additive scales demonstrated positive skew, so the natural logarithms of each
(+1) were taken to normalize their distributions (mean = 1.7; s.d. = 1.2). The al-
pha coefficients ranged from 0.73 - 0.80 across the eight years.

Studies have also found that patterns of marijuana use and depressive symp-
toms vary by several demographic characteristics [10] [12] [27] [30]. Thus, the
following control variables were included in the model: family income (1 - 12,
corresponding to increasing income levels; based on parents’ reports) and family
structure (0 = did not live with both parents, 1 = lived with both parents). In ad-
dition, by the end of the observation period many respondents were young
adults and a modest proportion had married, cohabited, or had a child. Since
these life changes may affect the propensity to use marijuana or experience de-
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pressive symptoms [33], each year included dummy variables that indicated
whether or not the respondent was married or cohabiting, or had a resident
child. Finally, age was included in each model. Since preliminary analyses sug-
gested that age had a quadratic association with depressive symptoms, both age
and age-squared were included in the models.

Table 1 provides information about the distributions of all the variables used
in the analysis. The standard deviations were decomposed into within-year and
between-year components. Note that, for several of the variables, there was a

similar degree of variability within and between years.

2.4. Analysis

The hypotheses were designed to compare four potential associations between
marijuana use and depressive symptoms among young people. One of the hy-
potheses claimed that there are reciprocal associations between the two out-
comes. Assessing reciprocal associations is complicated since the error terms of
equations designed to predict two outcomes are not independent, thus failing to
satisfy a key statistical assumption of most regression models. Another compli-
cation is that unobserved factors may confound any association between the two
outcomes [34] [35].

In order to obviate each of these potential limitations, a fixed-effects regres-
sion model was estimated using an instrumental variables approach designed for
longitudinal data [35]. Fixed-effects regression adjusts for unobserved invariant
factors and thus can reveal causal patterns among time-varying explanatory and
outcome variables [36]. Robust standard errors were estimated to minimize the
risk of heteroscedasticity [37]. The explanatory variables were each measured in
the year prior to the outcome variables to better establish their causal ordering.
For example, in the equation designed to predict marijuana use, depressive
symptoms, stressful life events, self-esteem, self-efficacy and the other covariates

were measured at time #— 1.

3. Results

The results of the fixed-effects models are presented in Table 2. The coefficients
represent within-person changes in the outcome variables for each one-unit
change in the explanatory variables [36] [37]. In general, the results provided
support for hypothesis 1 and failed to support the other three hypotheses. Each
one-unit increase in marijuana use was associated with a 1.75 increase in depres-
sive symptoms relative to an individual’s average depressive symptoms score.
Although stressful life events were also associated with changes in marijuana use
and depressive symptoms, they did not attenuate the effects of marijuana use on
depressive symptoms (hypothesis 4). In addition, there was no evidence from
the empirical model that depressive symptoms led to changes in subsequent ma-
rijuana use, thus indicating that neither hypothesis 2 nor 3 was supported.

The other results were consistent with previous research [9] [27] [30] [31]
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Table 1. Means and standard deviations (decomposed) of the outcome and explanatory
variables, Family Wellness and Health Study.

Variable Mean  Decomposition of S.D.* Minimum Maximum
Past-year marijuana use® 0.18 0.31 overall 0 0.9
0.20 between
0.25 within
Depressive symptoms 13.77 11.67 overall 0 45
8.38 between
8.11 within
Stressful life events 1.79 1.70 overall 0 12
1.07 between
1.35 within
Age in years 15.47 2.77 overall 11 23
2.17 between
2.28 within
Self-esteem 0.00 6.91 overall -37.45 11.75
5.16 between
4.68 within
Self-efficacy 0.00 4.66 overall -22.98 9.14
3.36 between
3.32 within
Family relations 0.00 10.44 overall -38.71 25.74
8.02 between
7.01 within
Peer substance use (logged) 1.72 1.20 overall 0 4.48
0.59 between
1.05 within
Family income 3.99 2.54 overall 1 12
2.52 between
0.12 within
Lived with mother & father 0.56 0.49 overall 0 1
0.49 between
0.04 within
Married or cohabiting 0.04 0.21 overall 0 1
0.13 between
0.18 within
Had a child 0.05 0.21 overall 0 1
0.17 between
0.16 within

Note: the sample size is 840, with eight observations per individual. The following variables are based on
standardized summed scales: self-esteem, self-efficacy, and family relations. *Because of the longitudinal
nature of the study, the standard deviations are decomposed into between-year effects and within-year ef-
fects. The overall effects are also provided. The within- and between-year standard deviations are bi-
ased-corrected estimates. "A Box-Cox transformation was used to normalize the variable’s distribution.
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Table 2. Fixed-effects regression model of past-year marijuana use and past 30 day de-
pressive symptoms, Family Wellness and Health Study.

Marijuana use Depressive symptoms
Variable
Coefficient  Standard error  Coefficient  Standard error
Marijuana use - - 1.75%* 0.23
Depressive symptoms 0.08 0.06 - -
Stressful life events 0.12% 0.05 0.87* 0.12
Age 0.17** 0.02 —1.28%* 0.35
Age? 0.03 0.02 -0.27* 0.12
Self-esteem 0.04 0.03 —0.15** 0.03
Self-efficacy 0.03 0.02 —0.18** 0.05
Family relations 0.01 0.01 0.12 0.19
Peer substance use 0.33** 0.08 —0.75%* 0.25
Family income 0.01 0.01 -0.38** 0.08
Lived with both parents -0.05* 0.02 0.46 0.44
Married/cohabiting 0.06* 0.03 -1.09 0.93
Had a child 0.09 0.14 0.66 0.92
Intra-unit correlation 0.35 0.40
Residual correlation —0.33**

Note: the sample size is 840, with eight observations per individual. The results are from an instrumental
variables fixed-effects regression model designed for longitudinal data. Robust standard errors are pro-
vided. The outcome variables are measured in the year following the explanatory variables. *p < 0.05 (two-
tailed test). **p < 0.01 (two-tailed test).

[32]. Higher levels of self-esteem and self-efficacy were associated with fewer
depressive symptoms. Peer substance use led to increases in marijuana use over
time. It was also associated with lower levels of depression, which may be indica-
tive of how interpersonal associations, even with deviant peers, provide support
that protects youth from issues of depression.

Fixed-effects regression models assume that the effects of time-invariant fac-
tors, which are not directly estimated by these models, do not change over time
[36]. For example, variables such as gender and race/ethnicity are assumed to
have the same influence on, say, depression and marijuana use regardless of the
year or the age at which they are measured. One way to test this assumption is to
introduce interaction terms between time-invariant factors and time-varying ex-
planatory variables. Since research has suggested that the effects of stress and
family relations on marijuana use and depression may differ by gender [38] [39],
the models were extended to include interaction terms of each (e.g., sex X
stressful events). The results of this robustness check indicated that no interac-
tions attained statistical significance, thus further justifying the use of the

fixed-effects approach.

4. Discussion

This study was designed to examine the association between marijuana use and

depressive symptoms across a period of the life course, adolescence and young
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adulthood, when significant changes are occurring among individuals. Previous
studies suggested that marijuana use and depressive symptoms may be asso-
ciated in a unidirectional or a bidirectional manner; or their association may be
explained by stressful life experiences or other factors that are unobserved in
most research studies. By using a fixed-effects model, each of these suppositions
was tested. This empirical approach also has the advantage of adjusting for the
effects of unobserved characteristics, thus moving closer to a causal representa-
tion.

The results showed clearly that the hypothesis presuming that increases in
marijuana use lead to more symptoms of depression is tenable. There was no
support for the other hypotheses, however. Depressive symptoms did not affect
subsequent marijuana use, nor are these two outcomes part of a reciprocal loop.
This supports previous research demonstrating that marijuana use increases the
risk of depressive symptoms among young people [10] [11] [15]. Furthermore,
the findings fail to support the self-medication hypothesis that proposes that
marijuana use is a coping mechanism in the presence of depression or that it
serves to alleviate symptoms [13]. Whereas some youth may self-medicate with
illicit substances when depressed, the analysis suggested that this is not common
enough to support a general self-medication hypothesis.

Of course, this is simply one study and, even though it provided clear evidence
in support of one hypothesis, replication is necessary to confirm the presumed
causal association between marijuana use and subsequent depressive symptoms
[15]. Moreover, since the mechanisms that underlie the potential causal effects
of marijuana use are not known at present, future studies should consider a
broader range of explanatory variables, including those that gauge neurophysio-
logical, neurochemical, genetic, and family history factors that place youth at
risk of substance abuse and depressive symptomatology. In addition, the FWHS
used in the analysis did not collect the sample in a random manner, so there are
threats to external validity that should be considered. The FWHS was also not an
ethnically or geographically diverse sample, thus the results have limited utility

for considering the broader population of young people in the U.S. or elsewhere.

5. Conclusion

The present study provided evidence to support the proposition that more fre-
quent use of marijuana increases the risk of depressive symptoms among young
people. Yet it failed to support the notion that youth self-medicate with mariju-
ana when they experience depressive symptoms. It also did not support the hy-
pothesis that stressful events or other personal and interpersonal factors affect
both marijuana use and depressive symptoms in such a way as to confound their
association. On a more practical level, this calls for greater attention to prevent-
ing or minimizing marijuana use among young people since it may lead to men-
tal health problems. This should be a special concern of health care providers

given the recent trend to decriminalize or legalize marijuana in many states in
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the U.S. Although these policy initiatives apply to adult users only, prevention
experts should also be concerned with whether they will result in more marijua-
na use among young people [40] [41].
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