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Background/Objective. This study examined whether self-rated physical and mental health were associated with lifetime
cannabis and amphetamine use in the 2021-2022 Canadian Student Tobacco, Alcohol and Drugs Survey (CSTADS).

Methods. Survey-weighted logistic regression was fitted in three stages among 55,207 students in grades 7—12, both health
measures retained throughout: M1: plus grade; M2: plus demographic, geographic covariates; M3: plus co-occurring substance
use. Variance was estimated with 500 bootstrap replicate weights.

Results. At M2, one-category worsening in mental health was associated with 47% higher odds of lifetime cannabis use (OR
1.47, 95% CI 1.42—-1.53), attenuating to 1.26 (1.19-1.32) at M3. The equal-step assumption was rejected for both measures
and outcomes (all p < .003). Cannabis odds were 4.33 times higher at Poor than Excellent mental health (3.66-5.12). Physical
health was weaker and stable (OR 1.08-1.11). At M2, mental health remained associated with amphetamine use (OR 1.20,
1.09-1.32) while physical health did not (OR 1.14, 0.97-1.33). Amphetamine associations attenuated to the null at M3 (mental
health OR 1.00, 0.92-1.10). The physical health-cannabis association was present among girls (OR 1.27, 1.17-1.37) but not
boys (OR 0.99, 0.91-1.08).

Conclusions. Estimates are associations given the cross-sectional design. Self-rated mental health is associated with both
outcomes under primary adjustment (M2), but the amphetamine association is fully shared with co-occurring substance use
whereas cannabis association is partly shared.

Keywords: adolescent substance use; self-rated health; cannabis use; amphetamine use; mental health; physical health;

CSTADS

Introduction

Although prior research has established the association be-
tween health and wellness and substance use among adoles-
cents, the 2021-2022 CSTADS was the first cycle of this sur-
vey series to include self-rated physical and mental health
items 2. Health Canada’s summary report gives a descrip-
tive breakdown of past-12-month substance use by self-rated
health, but does not model the confounding variables or test
whether the two health domains interact. The present study
addresses each of these gaps.

Canadian federal data show past-12-month use of cannabis
and amphetamines among youth. Health Canada’s Cana-
dian Student Tobacco, Alcohol and Drugs Survey (CSTADS,
2021-2022) shows that 7% of respondents in grades 7 to 12 re-
ported using one or more illegal drugs. 18% reported cannabis
use and 0.9% reported amphetamine use?. A decade of trend
data from the same survey series shows the substantially shift-
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ing cannabis use patterns among Canadian adolescents fol-
lowing legalization?. Subsequent policy changes have also
been associated with youth cannabis use. Recreational legal-
ization was associated with a 69% increase in cannabis initia-
tion among adolescents 15-18*. A separate CSTADS analysis
of 106,032 adolescents similarly found a measurable increase
in cannabis use following the 2019 legalization of edibles and
extracts>.

Adolescent substance use is linked with broader patterns of
mental health and physical health. Prior research has shown
connections between cannabis use and later mental health
outcomes such as depression, suicidality, and psychological
risks®7. Canadian research has also found similar relation-
ships. Butler et al. found that mental health problems were
consistently associated with youth cannabis use across Cana-
dian cross-sectional and longitudinal research®. However,
this literature is not entirely consistent in what they estab-
lish. The meta-analytic evidence that links cannabis to later
depression, anxiety, and suicidality is prospective, and it con-
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cerns outcomes that follow use®. The Canadian evidence com-
pares mental-health indicators with concurrent cannabis use in
largely cross-sectional designs®. These are different and dis-
tinct claims, and only the former speaks to temporal ordering.

Prior research on adolescents near a tribal reservation in the
U.S. Great Plains supports the forward direction specifically.
Each five-point increase in anxiety symptoms was associated
with 1.29 times the odds of cannabis use initiation in the fol-
lowing semester. Each five-point increase in depressive symp-
toms was associated with 1.34 times the odds®.

Outside of cannabis use, amphetamine use among adoles-
cents was shown to have important health relevance. McK-
etin et al.’s systematic review and meta-analysis found that
amphetamine use was associated with several mental health
outcomes, including psychosis, depression, and suicidality '°.
Guerin et al. similarly reviewed health, cognitive, and
functional outcomes among young people who use metham-
phetamine 1.

Adolescent stimulant use is also characterized by a high
degree of polysubstance use, with stimulant misuse fre-
quently co-occurring with alcohol and cannabis use!?. Na-
tional surveillance data show the non-trivial pattern of non-
medical prescription stimulant use among US secondary stu-
dents'3. This co-occurrence is significant because it implies
that any observed association between self-rated health and
amphetamine use may have additional factors or explanations
rather than by health perception itself.

Physical health is also shown to be strongly associated
with adolescent substance use. Longitudinal research links
physical inactivity in adolescence with higher risks of alco-
hol and illicit drug problems. In a Finnish population-based
twin study, persistently inactive adolescents had 3.7 times the
odds of illicit drug use in early adulthood compared to per-
sistently active peers, which may reflect broader behavioral
risk patterns '4. Other research has found that physical inactiv-
ity, sedentary behavior, and substance use are interconnected
rather than isolated occurrences !°. More recent Canadian evi-
dence from 24,274 secondary-school students links adherence
to physical activity, sleep, screen-time, and substance-use rec-
ommendations with subsequent depressive and anxiety symp-
toms. This indicates how physical and mental health domains
are behaviorally entangled in this age group'®. This litera-
ture supports the inclusion of self-rated physical health as a
predictor in the present study, especially because poorer self-
rated physical health may reflect broader patterns of lifestyle,
functioning, and risk behavior.

The central feature of this research is its focus on self-rated
health. Self-rated health is valuable and provides a unique
approach because it captures adolescents’ own perceptions of
their physical and mental condition, rather than relying on ex-
ternal or clinical measures. Research has described adolescent
self-rated health as a multifactorial construct shaped by physi-

cal, psychological, behavioral, and social factors !7-!8. Smaller
school-based studies report that self-rated health co-occurs
with higher adolescent alcohol and tobacco use . Self-rated
health has also been shown to decline as health-risk behaviors
accumulate in adolescence’. The five-point scale remains a
routine population indicator in school-based surveys?!. Cana-
dian studies linked behavioral factors to self-rated physical
and mental health in this age group??.

Significance and Purpose

This study makes three contributions. First, no prior analy-
sis of the CSTADS self-rated health items using the survey’s
bootstrap replicate weight was identified. Second, it sepa-
rates associations that survive full covariate adjustment from
those that do not: the cannabis association persists while the
amphetamine-mental health association survives demographic
adjustment but not the addition of co-occurring substance use.
This is a distinction Health Canada’s descriptive report does
not test. Third, the physical-by-mental health interaction for
amphetamine use is also not present in existing reports on this
survey.

Four hypotheses were specified. H1: poorer self-rated
physical and mental health would be associated with higher
odds of lifetime cannabis and amphetamine use in minimally
adjusted models. H2a: these associations would attenuate
as demographic and geographic covariates were added. The
magnitude of attenuation would indicate how much of each
association is attributable to confounding. H2b: associations
would attenuate further after adjusting for co-occurring to-
bacco, alcohol, and vaping use. These behaviors may re-
flect variance shared with co-occurring substance use, not con-
founding. H3: self-rated physical and mental health would
interact, such that their joint associations with substance use
depart from the product of their separate associations.

Theoretical Framework

This study draws on a cumulative-vulnerability risk perspec-
tive?3. Tt is consistent with the problem behavior theory and
posits that risk factors compound. Therefore, adolescents bur-
dened across multiple different health risks and demographic
burdens face disproportional risk relative to either domain. Si-
multaneous health risk behaviors were seen to interrelate ?°.
H3 captures all of this by predicting that a joint burden of both
physical and mental health may predict substance use beyond
either one alone.

Scope and Limitations

This study is limited to the 2021-2022 CSTADS sample of
students in grades 7-12 and to lifetime cannabis and am-
phetamine use as outcomes. Biological sex, socioeconomic
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status, and age are unavailable in the PUMF. The cross-
sectional design permits association but not causal or temporal
inference.

Methods

Research Design

This study used a cross-sectional secondary analysis design
to examine associations between self-rated health and lifetime
substance-use outcomes. As the design is cross-sectional, all
estimates are interpreted as associations and no temporal or
causal ordering is implied.

Participants or Sample

To examine this relationship, this study draws on data from
the 2021-2022 Canadian Student Tobacco, Alcohol and Drugs
Survey Public Use Microdata File'. The present analy-
sis used the following variables to analyze the association:
self-rated physical health, self-rated mental health, lifetime
cannabis use, lifetime amphetamine use, and grade level, to-
gether with a prespecified set of covariates, comprising gen-
der identity, sexual orientation, racial/ethnic self-description,
province, school urban/rural location, and ever use of tobacco,
alcohol, and vaping products.

Data Collection

CSTADS is a classroom-administered national survey with
schools sampled across 9 of the 10 Canadian provinces (ter-
ritories and on-reserves, special-needs, and military base
schools excluded). New Brunswick did not participate in this
cycle. Students completed the questionnaire in class after
parental/guardian permission was obtained per school board
policy. Participation was voluntary, and the protocol was re-
viewed by relevant ethics committees>*. In participation, 109
of 204 school boards approached agreed to participate (53%),
280 of 509 eligible schools participated (55%), and 62,104
of 93,786 eligible students participated (66.2%). 61,096 were
retained in the final dataset. About 92% of students partici-
pated under passive parental permission and 8% under active
permission.

Variables and Measurements

Self-rated physical health (GH_010) and self-rated mental
health (GH_020) were each measured using a five-point scale:
“Excellent” (1), “Very Good” (2), “Good” (3), “Fair” (4),
“Poor” (5). Respondents who selected “T do not know” were
excluded from the analysis. Substance use outcomes were de-
termined as binary indicators reflecting ever use of cannabis
(CAN_010) and amphetamine (MET_010). Lifetime cannabis

use was coded as 1 for respondents reporting ever use and 0
for respondents reporting never use. Lifetime amphetamine
use was coded as 1 for respondents reporting use in the past
12 months or use more than 12 months ago, and 0 for respon-
dents reporting never use. Grade level (GRADE) was reported
from Grade 7 to Grade 12. Grade level was imputed by Health
Canada during data cleaning when it was inconsistent with the
grades offered at the respondent’s school, using the median
grade of the student’s class or, where that was unavailable, the
student’s age. No record was excluded from this analytic sam-
ple for missing grade.

In the present analysis, both self-rated health items are
retained throughout in their original ordering (Excellent =1
through Poor =5).

Additional covariates were drawn from this demographic
information supplied within the PUMF. Gender identity (DV-
GENDER), sexual orientation (DVORIENT), racial/ethnic
self-description (DVDESCRIBE), province (PROVID), and
school urban/rural location (DVURBAN).

Gender identity and sexual orientation were retained as co-
variates because evidence documents substantially elevated
use among gender-minority secondary-school students .

Racial and ethnic self-description was similarly retained, as
prior analyses of this same survey report differing substance-
use prevalence across different subgroups 2°.

In the Atlantic provinces (Newfoundland and Labrador,
Prince Edward Island, Nova Scotia), ethnic categories other
than White were collapsed by Health Canada into a single
“Another race/Multiple” category for disclosure control.

Co-occurring substance use comprised ever smoking a
cigarette (SS_010), ever drinking alcohol (ALC_010), and
any reported use of vaping products (ELC_026a through
ELC_026c). Vaping has become so common among Canadian
adolescents that it was included as a co-occurring substance-
use covariate for this reason?728,

Ever smoking a cigarette (SS_010) was subject to Health
Canada’s core smoking imputation algorithms, applied before
skip-pattern coding.

Missing and “I do not know” responses were treated differ-
ently depending on the variable. For the two health measures,
the two substance use outcomes, and grade, these responses
were dropped. For the demographic, geographic, and co-
occurring substance-use covariates, however, these responses
were kept as their own category rather than dropped. This way,
the sample sizes stay the same across every regression model.

Three specific variables were not available in the CSTADS
PUMEF, which were biological sex, socioeconomic status, and
age. These variables were removed by Health Canada during
PUMEF preparation to protect against re-identification>*. Gen-
der identity is therefore used in place of biological sex, and
provinces together with urban/rural location serves as coarse
geographic proxies for socioeconomic context. Grade level
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substitutes for age. This substitution is imperfect and residual
confounding cannot be excluded. This limitation is addressed
again in the discussion.

Procedure

The 2021-22 CSTADS surveyed 61,096 students in grades
7-12 between September 2021 and June 2022. Respondents
were excluded sequentially for missing or selecting “I do not
know” responses on self-rated physical health (n = 2,498),
self-rated mental health (n = 2,301), lifetime cannabis use
(n = 425), lifetime amphetamine use (n = 665), and grade
level (n = 0). The final analytic sample comprised 55,207 stu-
dents.

A further 806 respondents were retained in this analytic
sample but could not be classified on the cannabis frequency
item (CAN_020), having selected “I do not know” (n = 579) or
not stating a response (n = 227). These responses contribute to
all primary models but are excluded from the two alternative
cannabis outcome definitions (past-12-month and weekly-or-
more use). They are therefore based on n = 54,401. The past-
12-month amphetamine outcome is derived from MET_010
and retains the full analytic sample of n = 55,207.

Data Analysis

The present analysis applied CSTADS PUMF sampling
weight (WTPUMEF) for point estimation>*.

Variance estimation was performed using the full set of 500
CSTADS bootstrap replicate weights (bsw1 through bsw500)
supplied as a companion file to the PUMF. The CSTADS boot-
strap weights are mean bootstrap weights, each formed by av-
eraging twelve underlying replicates. The user guide speci-
fies the corresponding variance estimator as v(0) = (R/(B —
1))Y(6, — 0)? with R = 12 and B = 500%*. Equivalently, soft-
ware without native mean-bootstrap support may use Fay’s
modified balanced repeated replication with a Fay coefficient
of 0.7113. This replicate-weight approach follows standard re-
sampling methodology for complex surveys?’. Analyses were
conducted in R 4.6.0 (2026-04-24) using the survey package
v4.530, The design was declared with svrepdesign () us-
ing WTPUMF as the sampling weight, bsw1-bsw500 as com-
bined replicate weights, type = “other”, scale = 12/499, rscales
=1 for all 500 replicates, and mse = FALSE so that replicates
are compared with their mean rather than the full-sample esti-
mate, as the user guide specifies?*. This yields 499 degrees of
freedom. Confidence intervals for the focal regression coeffi-
cients were constructed using a ¢ critical value based on 499
replicate degrees of freedom. Model coefficient p-values were
obtained from the model-specific tests returned by the survey
package, which uses model-specific residual degrees of free-
dom obtained by subtracting the number of estimated param-

eters from the 499 design degrees of freedom. Both quantities
are therefore design-based. The full R code is provided as
Supplementary File S1.

The CSTADS user guide recommends adjusting the weights
for item non-response separately from total non-response. The
adjustment ratio for the present analytic sample is 1.101. Be-
cause this ratio is applied as a constant multiplier, it can-
cels in the proportions and odds ratios reported here. Item
non-response was, however, differential by grade (12.8% of
grade 7 respondents excluded versus 7.2% of grade 12 re-
spondents). Re-estimating prevalence with grade-specific
non-response adjustment changed the cannabis estimate from
22.2% to 22.0% and left the amphetamine estimate unchanged
at 1.5%. This confirms that differential item non-response by
grade does not materially affect the estimates. Nonetheless,
the analytic sample slightly under-represents younger adoles-
cents relative to the full PUMF.

Models were fitted in three prespecified stages for each out-
come. All three models include self-rated physical and men-
tal health. Model 1 includes grade level. Model 2 adds the
demographic and geographic covariates. Model 3 addition-
ally includes use of tobacco, alcohol, and vaping products
ever. The staging reflects an explicit causal rationale rather
than mechanical covariate addition. Grade, gender, sexual
orientation, race/ethnicity, and geography plausibly precede
both self-rated health and substance use, and are treated as
confounders. However, tobacco, alcohol, and vaping are not
treated in the same way. Because co-occurrence of these be-
haviors with cannabis and amphetamine use is present, they
may be consequences of the same underlying vulnerability
that produces poor self-rated health. Therefore, adjusting for
them risks conditioning on a mediator or on a descendant of
shared unmeasured vulnerability. Thus, Model 2 is designated
the primary adjusted specification, and Model 3 is interpreted
as an assessment of how much of each association is shared
with co-occurring substance use rather than as an estimate of
a direct effect. Figure 1 shows the assumed causal structure
underlying this staging.

Figure 1 shows how grade, gender, orientation, race,
province, and urbanicity precede both exposure and outcome.

Five additional analyses were checked. First, whether each
step of worsening self-rated health mattered equally. This was
done by comparing the linear model to a version using sep-
arate categories (Wald test). Then the categorical specifica-
tion was also refitted at Model 2. Third, whether physical and
mental health had an interactive relationship, in addition to
the additive models. Fourth, since the “ever used” category
mixes one-time experimenters with regular users, the model
was rerun on two stricter outcomes: past-12-month cannabis
use and weekly-or-more cannabis use, plus past-12-month am-
phetamine use. Last, all models were run separately by gender
and by grade band (7-9 vs. 10-12).
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Figure. 1 Assumed causal structure relating self-rated health to life-
time cannabis and amphetamine use.

Model discrimination was analyzed with ROC curves and
area under the curve (AUC). The confidence intervals were ob-
tained from the replicate weights. Discrimination shows how
much self-rated health is associated with substance-use status,
not a prediction tool. Calibration was assessed by comparing
weighted predicted and observed prevalence across deciles of
predicted risk. Multicollinearity was assessed using variance
inflation factors computed from the unweighted model matrix,
reported per estimated coefficient rather than as generalised
VIFs per factor. AUC confidence intervals were obtained by
recomputing the weighted AUC under each of the 500 repli-
cate weights while holding the fitted model from the full sam-
ple fixed.

Ethical Considerations

No new primary data were collected for this study. All data
were drawn from Health Canada’s 2021-2022 CSTADS Pub-
lic Use Microdata File. Because the analysis used publicly
available de-identified data, no separate institutional ethics ap-
proval was obtained for this secondary analysis.

Results

Sample Characteristics

Table 1 presents the composition of the analytic sample.
Weighted lifetime prevalence was 22.2% (95% CI 19.5-24.9)
for cannabis and 1.5% (95% CI 1.2—1.7) for amphetamine.
Lifetime use of both substances rose monotonically across
grades (Figure 2), but at different scales. Cannabis climbed
from under 5% in Grade 7 to over 40% in Grade 12. Am-
phetamine remained under 3% for all grades. Therefore, the

Table 1 Sample Characteristics of the Analytic Sample
(N = 55,207).

Variable n

Wtd %

Gender identity

Girl / woman 24,590 43.1

Boy / man 26,439 47.3
Another gender or not stated 4,178 9.6
Sexual orientation

Straight / heterosexual 40,771 71.7
Another sexual orientation 5,833 10.5
Not stated 8,603 17.8
Race / ethnicity

White 37,038 58.2
All other categories combined* 18,169 41.8
School location

Urban 44,935 82.3
Rural 10,272 17.7
Co-occurring substance use (ever)

Smoked a cigarette 8,763 15.1
Drank alcohol 25,931 48.3
Used a vaping product 16,427 28.6
Outcomes

Lifetime cannabis use 11,532 22.2

Lifetime amphetamine use 852 1.5
xIncludes all racial/ethnic self-descriptions other than White and respondents
not stating a category. All nine categories were retained as separate levels in

the regression models.

Lifetime substance use by grade

Cannabis. Amphetamine
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Grade
Bars are survey-weighted; error bars are 95% confidence intervals.
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Figure. 2 Lifetime cannabis and amphetamine use by grade level.
Results use CSTADS survey weights; error bars are 95% confidence
intervals from 500 bootstrap replicate weights. N = 55,207.

grade gradient is the dominant source of variation for cannabis
and minor for amphetamine.
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Figure. 3 Lifetime cannabis and amphetamine use by self-rated
physical health and self-rated mental health. Estimates use CSTADS
survey weights; error bars are 95% confidence intervals from 500
bootstrap replicate weights. N = 55,207.

Figure 3 presents the unadjusted association between self-
rated health and lifetime ever use of each substance. For
cannabis, each panel shows an increasing prevalence of use
across the five self-rated health categories, from Excellent to
Poor. For amphetamine, for both mental and physical health,
prevalence is not lowest at Excellent as a linear gradient would
predict. It dips at Very Good and Good, then rises sharply at
Fair and Poor. This departure from a linear gradient is visible
before any adjustment, and it is the pattern the Wald test below
formalizes.

Self-rated health by substance-use group

[ Mental health Physical health

Average seff-rated health
o
.
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Survey-weighted means with 95% confidence intervals. Higher = poorer health.

Figure. 4 Self-rated mental health (left) and self-rated physical
health (right) by substance use group. Points are survey weighted
with 95% confidence intervals from 500 bootstrap replicate weights.
Higher values indicate lower self-rated health. N = 55,207.

Figure 4 compares average self-rated health across
substance-use groups. The separation between groups is sub-
stantially wider for mental health than for physical health.
Adolescents reporting both substance use had the poorest rat-
ing on both domains, which is consistent with the pattern pre-

dicted by the cumulative-vulnerability framing.

Logistic Regression Models

Table 2 summarizes the logistic regression models across the
three adjustment stages (Figure 5). Each odds ratio is a per-
category average. The equal-step assumption underlying this
specification is formally tested and rejected. For cannabis,
one category worsening in self-rated mental health was asso-
ciated with an approximately 49% increase in cannabis use
odds with grade adjustment alone (OR 1.49, 95% CI 1.42—
1.56, p < .001). One category worsening in self-rated physi-
cal health was associated with an approximately 8% increase
in cannabis use odds (OR 1.08, 95% CI 1.01-1.15, p = .019).
These associations changed little after they were adjusted for
demographic and geographic covariates (mental health OR
1.47,1.42-1.53 p < .001; physical health OR 1.11, 1.04-1.19,
p = .003). Mental health remained statistically significant af-
ter another addition of co-occurring substance use as a covari-
ate (OR 1.26, 1.19-1.32, p < .001), as did physical health (OR
1.10, 1.02-1.19, p = .014). Therefore, H1 is supported for
cannabis for both health measures. H2a is not supported for
either measure, as neither association attenuated meaningfully
after demographic and geographic covariates were adjusted.
H2b is supported for mental health, which attenuated substan-
tially once co-occurring substance use was added. However,
physical health remained stable across all three stages.

For amphetamine, a different pattern was shown. With
solely grade adjustments, one-category worsening of physi-
cal health was associated with 22% higher odds (OR 1.22,
1.05-1.43, p = .010), and one-category worsening in mental
health was associated with 25% higher odds, approximately
(OR 1.25,1.13-1.37, p < .001). The physical association with
amphetamine was no longer statistically significant after ad-
justing for demographic and geographic covariates (OR 1.14,
0.97-1.33, p = .106), and the mental health association was no
longer statistically significant as co-occurring substance use
was added (OR 1.00, 0.92-1.10, p = .925). Therefore, H2a is
weakly supported for physical health, where the coefficient at-
tenuated by roughly one-third, although the two estimates are
not statistically distinguishable. H2b is supported for mental
health, which remained significant at M2 but attenuated to the
null once co-occurring substance use was added.

Testing the Shape of the Health Gradient

Wald tests comparing the linear and categorical specifica-
tions at Model 1 showed that each category change in self-
rated health did not carry the same effect. The equal-step as-
sumption was rejected for both health measures and outcomes
(cannabis physical health xz = 14.5, p = .003; cannabis, men-
tal health x2 =23.1, p < .001; amphetamine, physical health
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Table 2 Logistic Regression Models Associations With Lifetime Cannabis and Amphetamine Use

Model PhysOR  95% CI )4 Ment OR  95% CI )4
Lifetime cannabis use

Model 1: + grade 1.08 1.01-1.15 0.019 1.49 1.42-1.56 < .001
Model 2: + demographic 1.11 1.04-1.19  0.003 1.47 1.42-1.53 <.001
Model 3: + substance use 1.10 1.02-1.19 0.014 1.26 1.19-1.32 <.001
Lifetime amphetamine use

Model 1: + grade 1.22 1.05-1.43 0.010 1.25 1.13-1.37 < .001
Model 2: + demographic 1.14 0.97-1.33  0.106 1.20 1.09-1.32 < .001
Model 3: + substance use 1.07 0.92-1.25 0.364 1.00 0.92-1.10  0.925

Note. OR = odds ratio; CI = confidence interval. Health variables were interpreted as one-category worsening in self-rated health, so ORs above 1 indicate higher
odds of lifetime substance use associated with poorer self-rated health. All models used the CSTADS sampling weight (WTPUMF) for point estimation and
the full set of 500 bootstrap replicate weights for variance estimation. Confidence intervals were constructed on the log-odds scale using a ¢ critical value with
499 replicate degrees of freedom. p-values are the coefficient-level tests returned by the survey package, which use model-specific residual degrees of freedom.

N = 55,207 for all models.

Association at each adjustment stage

Cannabis Amphetamine
M1:grade only ! —— ——
i
M2: + demographic{ ! —e—1 ———— =
i 8
£
M3: + substance use | ! —e—
i
M1: grade only | | ——@——r ]
3
i}
M2: + demographic{ | ——@— g
! g
g
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M3: + substance use { | F——e———
10 12 14 09 10 11 12 13 14
Odds ratio per one-category worsening of self-rated health
not significant @ p < 05

Figure. 5 Odds ratio for self-rated physical and mental health asso-
ciation with lifetime cannabis and amphetamine use, separated into
three adjustment stages all with self-rated physical and mental health
included (M1: + grade; M2: + demographic and geographic co-
variates; M3: co-occurring substance use). Green markers indicate
significant association, with p < .05; grey markers indicate that the
association was not statistically significant. Error bars are at 95%
confidence intervals. Odds ratios are per one-category worsening of
self-rated health. N = 55,207.

x> =170.5, p < .001; amphetamine, mental health y? = 50.2,
p < .001; each df = 3). Risk is concentrated in the Fair and
Poor categories rather than rising evenly across the scale. The
single odds ratio in Table 2 should therefore be read as an
average step across the gradient that is steeper at the poor
end. The pattern held when Model 2 was refitted with both
items entered categorically (Figure 6). For cannabis, the men-
tal health association was monotonic, but the first step was not
statistically significant. Relative to Excellent, odds ratios were

1.15 (0.94-1.41, p = .17) at Very good, OR 1.71 (1.41-2.06,
p <.001) at Good, 2.47 (2.07-2.94, p < .001) at Fair, and 4.33
(3.66-5.12, p < .001) at Poor. The association is therefore
carried by the Good-to-Poor range rather than by an even rise
across all five categories. The cannabis physical health gradi-
ent was less regular. OR 1.10 (1.01-1.20, p = .036), OR 1.40
(1.22-1.62, p < .001), OR 1.18 (0.98-1.42, p = .088), and
OR 1.71 (1.15-2.54, p = .008). For amphetamine, both health
measures fell significantly below Excellent at Very good be-
fore rising at Poor. Physical health estimates were OR 0.54
(0.39-0.74, p < .001), OR 0.85 (0.60-1.21, p = .38), 1.07
(0.62-1.84, p = .81), and OR 1.67 (1.00-2.79, p = .050). For
mental health, the OR was 0.51 (0.36-0.72, p < .001), 0.58
(0.39-0.87, p = .008), 0.89 (0.59-1.32, p = .55), and 1.59
(1.13-2.23, p =.008). The single linear term for amphetamine
therefore reflects risks at the poor end of the scale rather than
a consistent gradient. The non-monotonic mid-scale pattern
should be treated as unstable given only 852 lifetime users.

Interaction Between Physical and Mental Health

The interaction models were tested to determine whether the
association between physical health and substance use varies
across levels of mental health. The models were fitted at M2.
For cannabis, the interaction was not statistically significant
(OR 0.99, 95% C10.95-1.03, p = .67), providing no evidence
that physical health association varies by mental health. For
amphetamine, the interaction was statistically significant (OR
1.10, 95% CI 1.01-1.19, p = .027). Poorer physical health
was not associated with amphetamine use among adolescents
with Excellent mental health (OR 0.89, 95% CI 0.67-1.20).
It was weakly associated with good mental health (OR 1.07,
0.90-1.29), and was associated with higher odds among those
with poor mental health (OR 1.29, 1.09-1.53). Although
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Figure. 6 Odds ratio for each self-rated health category relative to
Excellent (reference). Estimates are from Model 2 with both health
items entered categorically. Panels use independent y-axis. Er-
ror bars are 95% confidence intervals from 500 bootstrap replicate
weights with 499 degrees of freedom. N = 55,207.

physical health alone is not significantly associated with am-
phetamine use in M2, the interaction with mental health is sig-
nificant, which indicates that this overall null may mask a pos-
itive association for adolescents reporting poor mental health.
Therefore, physical health is associated with amphetamine
use, mainly when mental health is also poor (Figure 7). H3
is supported for amphetamine but not cannabis.

Predicted amphetamine use by physical health at three levels of mental health

Predicted amphetamine use (%)

& o oo
Self-rated physical health

Mental health: Excellent Mental health: Good =@= Mental health: Poor

Figure. 7 Predicted prevalence of lifetime amphetamine use across
self-rated physical health, shown with 3 separated levels of self-
rated mental health. Other covariates are fixed at a reference profile
(grade at sample mean; girl; heterosexual; White; Ontario; Urban).
Shaded bands are 95% confidence intervals from 500 bootstrap repli-
cate weights. N = 55,207.

Alternative Outcome Definitions

For past-12-month cannabis use (n = 54,401), the associations
were similar to M2 (physical health OR 1.09, 95% CI 1.02—
1.16, p = .013; mental health OR 1.50, 1.44-1.56, p < .001).

For weekly-or-more cannabis use (n = 54,401), both asso-
ciations became stronger (physical health OR 1.27, 95% CI
1.14-1.41, p < .001; mental health OR 1.55, 95% CI 1.44—
1.67, p < .001). Therefore, these cannabis findings are not
caused by grouping one-time users with regular users. For
past-12-month amphetamine use (n = 55,207), the physical
health association remained non-significant (OR 1.05, 95% CI
0.82-1.35, p = .69). However, the mental health association
remained significant (OR 1.23, 95% CI 1.07-1.41, p = .004),
staying consistent with Model 2.

Analyses by Gender and Grade

All stratified and interaction models in this section were fitted
at Model 2. For cannabis, poorer physical health was asso-
ciated with higher cannabis use odds among girls (OR 1.27,
95% CI 1.17-1.37, p < .001) but no significant association
for boys (OR 0.99, 95% CI 0.91-1.08, p = .83). The associ-
ation between mental health and cannabis use was similar in
both groups (girls OR 1.52 95% CI 1.42-1.63, p < .001; boys
OR 1.48,95% CI 1.41-1.55, p < .001). Across grade groups,
the mental health association was stronger in grades 7-9 (OR
1.72,95% CI 1.60-1.85, p < .001) than in grades 10-12 (OR
1.38,95% CI 1.31-1.44, p < .001). The physical health asso-
ciation was likewise stronger in grades 7-9 (OR 1.19, 95% CI
1.07-1.32, p = .002) than in grades 10-12 (OR 1.07, 95% CI
1.01-1.15, p = .032).

Interaction terms were fitted with both health-by-gender
terms in the same model. Constraining one health slope to
be common across gender biases the other interaction esti-
mate. For cannabis, the physical health x gender interac-
tion was statistically significant (OR 0.77, 95% CI 0.71-0.83,
p < .001). The positive physical health-cannabis association
observed among girls was attenuated among boys. The men-
tal health x gender interaction was not statistically significant
(OR 0.94, 95% CI 0.87-1.02, p = .149), consistent with the
similar stratified estimates in both groups.

The mental health x grade band interaction was statisti-
cally significant (OR 1.24, 95% CI 1.14-1.35, p < .001). The
physical health x grade band interaction was also statistically
significant (OR 1.13, 95% CI 1.01-1.26, p = .027), indicat-
ing that the physical health-cannabis association was likewise
somewhat stronger among younger adolescents.

For amphetamine, poorer physical health was associated
with higher odds among girls (OR 1.51, 95% CI 1.06-2.15,
p = .024) but not among boys (OR 1.03, 95% CI 0.82-1.29,
p = .81). The mental health association was present in both
groups (girls OR 1.31, 95% CI 1.01-1.69, p = .039; boys
OR 1.18, 95% CI 1.02-1.37, p = .029). However, when both
health-by-gender terms were fitted jointly, neither interaction
reached statistical significance (physical health x gender OR
0.69, 95% CI 0.42-1.11, p = .125; mental health x gender
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OR 0.89, 95% CI 0.65-1.23, p = .488). Given the rare use of
amphetamine (852 lifetime users, 1.5% weighted prevalence),
the stratified estimates by gender should be interpreted as ex-
ploratory. Students in the “another gender or not stated” cate-
gory (n =4,178) had a weighted lifetime amphetamine preva-
lence of 3.2%, approximately 2.5 times that of girls (1.2%) or
boys (1.3%). Because this category combines gender-diverse
respondents with non-respondents, this difference cannot be
attributed to gender identity specifically, but it is consistent
with prior Canadian evidence of elevated substance use among
identified gender-minority secondary-school students .

At Model 2 which is the primary adjusted specification, dis-
crimination was moderate and well above chance, but below
what individual screening would require (Table 3; cannabis
AUC 0.805, 95% CI10.792-0.817; amphetamine 0.733, 0.705—
0.761). AUC is higher in Model 3, and this comes from adding
co-occurring substance use such as tobacco, alcohol, and vap-
ing as well, not just from self-rated health. No model reported
here is proposed as a prediction or screening instrument.

Callibration: predicted vs observed, by tenth of predicted risk

Cannabis [ Amphetamine I

60

Observed risk (%)

[ 20 40 60 1 2 3 4 5
Predicted risk (%)

Figure. 8 Observed prevalence compared with predicted proba-
bility across ten groups of predicted risk, for Model 2. The esti-
mates use CSTADS survey weights and deciles are formed from the
weighted Model 2 predicted probabilities. The dashed line shows
perfect agreement. Calibration is assessed formally by the Archer-
Lemeshow F-adjusted mean residual test reported in the text. N =
55,207.

Predicted and observed risk were strongly correlated across
risk deciles for both outcomes (Cannabis r = 0.994; Am-
phetamine r = 0.977) (Figure 8). The Archer-Lemeshow F-
adjusted mean residual test however indicated the lack of fit
for cannabis. F(9,499) = 4.89, p < .001, but not for am-
phetamine, F(9,499) = 1.30, p = .23. The cannabis decile
shows underestimation of risk in the seventh to ninth deciles,
reaching 3.4 percentage points, and overestimation in the
highest decile by 4.0 points. This is consistent with the re-
jection of the equal-step assumption reported above. A single
linear health term does not capture the steepening of risk at
the poor end of the scale. Variance inflation factors were all

below 2.4.

Discussion

The central finding of the study is that adolescents’ self-rated
mental health is associated with lifetime cannabis use. This
association holds after adjusting for demographic and geo-
graphic covariates in addition to other substance use. For
amphetamine, the two health domains diverged. Under M2,
self-rated mental health remained associated with lifetime use
(OR 1.20, 1.09-1.32) while self-rated physical health did not
(OR 1.14, 0.97-1.33), except among respondents who also re-
ported poor mental health. The mental health association was
also fully absorbed once co-occurring substance use entered at
M3. While this does not suggest that poorer self-rated mental
or physical health can diagnose or predict lifetime substance
use, it suggests that adolescents’ self-rated health may reflect
patterns that are relevant to cannabis use.

The weakening of the amphetamine association is itself in-
formative. The further attenuation at M3 indicates variance
shared with co-occurring substance use. Co-occurring use
may act as a confounder, a mediator, or both. Adjusting for
grade level alone does not provide sufficient data to claim an
independent association.

Mental health was a much stronger correlate of cannabis
use than physical health (M2 OR 1.47 vs 1.11), and this gap
was held at every adjustment stage. Butler et al. examined
the mental health-cannabis association using both longitudi-
nal and cross-sectional Canadian data and reported a consis-
tent positive association across both designs®. Their study
did not model self-rated physical health, so the relative or-
dering of the two health domains observed here is not directly
corroborated. Health Canada reports an 18% past-12-month
cannabis use in grades 7—12 for this same survey cycle?. The
present analysis estimates 22.2% (95% CI 19.5-24.9) for life-
time use, which is expected, given that lifetime use includes
adolescents who used earlier. The grade gradient, rising from
under 5% in Grade 7 to over 40% in Grade 12, matches the
steep secondary-school increase in prior Canadian work3!-32.

The difference in amphetamine use behavior is consistent
with prior research. Zuckermann et al. document heavy poly-
substance clustering among Canadian youth33, and cannabis
consumption can take multiple alternative forms among ado-
lescents3*. Tt fits the present finding that the amphetamine-
mental health association drops from OR 1.20 at M2 to 1.00
at M3 once tobacco, alcohol, and vaping enter the model.
Cannabis retains an OR of 1.26 at M3, meaning it holds up
better and less of it is absorbed by co-occurring use. The
2021-22 survey period also overlapped with pandemic disrup-
tion, which was perceived by youths to have affected adoles-
cent substance use in Canada, and may limit comparison with
earlier estimates .
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Table 3 Survey weighted AUC values by Adjustment Stage

Model

Lifetime cannabis use

Lifetime amphetamine use

Model 1: + grade
Model 2: + demographic

Model 3: + substance use

0.760 (0.746-0.775)
0.805 (0.792-0.817)
0.944 (0.939-0.949)

0.643 (0.610-0.675)
0.733 (0.705-0.761)
0.845 (0.827-0.864)

Note. AUC = area under the receiver operating characteristic curve. Estimates use CSTADS survey weights; confidence intervals are from 500 bootstrap
replicate weights with the model held fixed at the full-sample fit. N = 55,207 for all models.

This physical-by-mental interaction for amphetamine sug-
gests that risk is concentrated for students with both difficul-
ties. Clinical evidence also shows how adolescents who report
using nonmedical stimulants frequently show co-occurring
psychiatric symptoms 3.

The association between physical health and cannabis use
was present for girls but not boys. This is consistent with ear-
lier Canadian school-based evidence where health-related cor-
relates of heavy cannabis use differ by gender, especially with
mental health emerging as a correlate among girls, not boys3’.
In the present data, gender differences were located in physical
health, while the mental health association was similar across
genders. Gender differences in adolescent self-rated health are
documented .

Self-rated health is already collected in school-based sur-
veys on the same five-point scale?!, so it requires no new in-
strument. The association is large enough to separate groups.
At the reference profile (grade at sample mean; girl; hetero-
sexual; White; Ontario; Urban; physical health at Good), pre-
dicted lifetime cannabis prevalence rose from 11.2% at Ex-
cellent mental health, 12.7% at Very good, 17.7% at Good,
23.7% at Fair, to 35.3% at Poor. These are derived from the
categorical Model 2 specification, not the linear one, consis-
tent with the rejection of the equal-step assumption reported
above. Most of the separation occurs between Good and Poor.
This association was stronger in grades 7-9 than in grades
10-12. Risk is concentrated in the Fair and Poor categories,
and this split with fair-or-poor is already reported by Health
Canada and captures most of this signal®>. The M2 AUC was
0.805 for cannabis and 0.733 for amphetamine. It is above
chance but below what individual screening would require.
The models underestimated risk by up to 3.4 percentage points
in the seventh to ninth deciles. The cross-sectional design
also means that these results cannot support the claim that im-
proving self-rated mental health would reduce later substance
use. Also, the amphetamine association is entirely shared with
co-occurring substance use, so these data should not direct
stimulant-specific prevention.

A few limitations should be considered when interpreting
the results of the findings. First, the cross-sectional design
of the study limits causal interpretation. The analysis cannot

determine whether poorer self-rated health contributed to in-
creased substance use odds or whether the substance use con-
tributed to the poorer self-rated health, and both may have the
same causes. Substance use may worsen how adolescents per-
ceive their own health, and a poor self-rated health may lead
adolescents to use substances in response. Prospective work
reported 29% to 34% increased odds of cannabis-use initia-
tion in the following semester per five-point increase in anxi-
ety and depressive symptoms®. However, this study does not
designate the ordering between the two. Second, all measures
are self-reported. Questions that ask about lifetime substance
use are subject to recall bias and social desirability bias. Stu-
dents may be inclined to under-report illegal behavior even in
an anonymous survey. These biases may also differ by health
status. Third, some confounding variables may remain, de-
spite the model adjusting for a broad set of covariates. Bio-
logical sex, socioeconomic status, and age are not available in
the PUMF?4. Although substitutes were implemented, they
are still imperfect. Family environment and school character-
istics are also unavailable. Fourth, the tobacco, alcohol, and
vaping variables in Model 3 occur alongside the outcomes.
Fifth, substance-use outcomes were mainly binary indicators.
Although recent and frequent use were tested and considered,
these do not identify severity or dependence. Finally, am-
phetamine use is rare at 1.5% weighted lifetime prevalence.
This limits precision, particularly for the analyses with only
gender and grade.

H1 was supported by both substances in minimally adjusted
models. H2a was weakly supported only for amphetamine
physical health. H2b was supported for cannabis mental
health and for amphetamine mental health. H3 was supported
for amphetamine but not cannabis. Overall, this study sug-
gests a meaningful association between self-rated health of
adolescents and lifetime cannabis use, while showing that
the association with amphetamine use, though present under
primary adjustment for mental health, is fully shared with
co-occurring substance use. Its contribution is not that self-
rated health is an independent identifier of lifetime substance
use, but rather that self-rated mental health is associated with
cannabis use after accounting for demographic characteristics
and co-occurring substance use. Future research should use
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longitudinal analyses to test the order of the association, to
see if changes in self-rated health come before changes in sub-
stance use, and if being able to identify a group through this
association would benefit from targeted prevention. Self-rated
health is simple to collect and already exists in school envi-
ronment surveys. However, whether it can serve as a lever for
allocating prevention resources is not established here. What
these data do establish is that self-rated mental health is a ro-
bust population-level correlate of adolescent cannabis use that
persists under primary adjustment, and that this warrants test-
ing before any allocation decision rests on it.
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