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Depression and Executive Dysfunction Contribute to a
Metamemory Deficit Among Individuals with Methamphetamine
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2Department of Psychiatry, University of California, San Diego; La Jolla, CA, USA

Abstract

Chronic methamphetamine (MA) use is associated with moderate deficits in learning and memory,
but the extent to which MA users are aware of such memory deficits (i.e., metamemory) is not
known. In the current study, 195 participants with lifetime MA use diagnoses (MA+) and 195 non-
MA-using comparison subjects (MA-) underwent comprehensive neuropsychiatric research
assessments, including performance-based and self-report measures of episodic memory. MA use
disorders, major depressive disorder (MDD), and their interaction were uniquely associated with
metamemory functioning, such that MDD increased the likelihood of a metamemory deficit
among the MA+ participants. Within the MA group, individuals who over-estimated their memory
abilities demonstrated greater executive dysfunction and lower cognitive reserve. Chronic MA use
is associated with reduced awareness of objective deficits in memory acquisition and recall, which
is particularly exacerbated by the presence of major depression. Efforts to enhance metamemory
accuracy and deployment of compensatory mnemonic strategies may benefit substance abuse
treatment outcomes.
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Introduction

Methamphetamine (MA) has a preferential neurotoxic effect on the frontostriatal systems
(Earnst, et al., 2000) that contributes to both emotion dysregulation (London, et al., 2004)
and neurocognitive impairment (Scott, et al., 2007). MA-related neurocognitive deficits
most commonly include episodic memory and executive functions (Woods et al., 2005) and
are associated with poorer functioning in daily activities (Henry, Minassian, Perry, 2010),
including unemployment (Weber, et al., 2012). One mechanism by which such MA-related
neurocognitive deficits may impact daily functioning is via poor awareness of the nature and
extent of one’s impairment. For example, a MA dependent individual who is unaware of a
memory deficit would be much less likely to use a compensatory strategy during daily tasks
(e.g., using a calendar or alarm to help them remember to take a medication), and is
therefore more vulnerable to experience critical memory failures in real life (e.g., medication
nonadherence).

According to Nelson and Narens (2007), awareness of memory abilities (i.e., metamemory)
may be disrupted at several time points during the acquisition, retention, and/or retrieval of
new information. Specifically, the overall correspondence between an individual’s perceived
memory abilities and his actual memory capacity is postulated to be influenced by how well
the material has been learned (e.g., do | need to continue studying?), initiation and
termination of recall search strategies, and recall selection choices (e.g., how confident am I
that this is the memory | am searching for?); all of which require internal self-regulation.
Such processes utilize prefrontal systems, and the combination of executive and memory
dysfunction appears to confer greater metamemory inaccuracy (Pannu & Kaszniak, 2005).
These same systems are commonly disrupted among MA users suggesting a potential
vulnerability to metamemory dysfunction in this population (Ersche et al., 2013). Yet only
two studies to date have examined metacognition in chronic MA users; Cattie and
colleagues (2012) found that self-reported symptoms of executive dysfunction in daily life
were not related to objective laboratory measures of executive dysfunction among
individuals with MA dependence, while Kirkpatrick et al. (2008) illustrated that increasing
doses of intranasal methamphetamine administration among MA users disrupted accuracy of
metacognitive judgments.

Given the prefrontal and striatal predilection of MA-associated neural disruption, it is not
surprising that mood dysregulation, such as major depression, is a highly comorbid (Conway
et al., 2006) and functionally impactful condition among chronic MA users (Glasner-
Edwards, et al., 2009). As postulated in the Nelson and Narens model of metamemory
(2007), an individual’s belief regarding the difficulty level of the information to be learned
(i.e., self-efficacy) in combination with his motivation to learn, directly influence his
memory behaviors (e.g., to study the information or not). Given that depressive symptoms
directly impact self-efficacy and motivation and are related to increased prevalence of
memory symptoms in the general population (Ponds & Jolles, 1996), major depressive
disorder (MDD) may moderate metamemory accuracy by lowering self-perceived memory
abilities and motivation to learn. Therefore, it may not be surprising that memory self-
efficacy is consistently a stronger indicator of memory complaints than actual memory test
performance (Ponds & Jolles, 1996; Dellefield & McDougall, 1996). In fact, depression has
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been consistently associated with inaccurate underestimation of actual memory abilities in
the general population (Kalska et al., 1999). For example, depression demonstrated a
stronger relationship with reported memory symptoms than memory test performance
among a cohort of older healthy adults (Bolla, Lindgren, Bonaccorsy, Bleecker, 1991), and
increasing levels of depression are consistently associated with greater number of memory
symptoms among both younger and older adults, regardless of actual memory capacities
(Bolla, Lindgren, Bonaccorsy, Bleecker, 1991; Niederehe & Yoder, 1989; Kalska,
Punamaki, Makinen-Pelli, Saarinen, 1999).

Considering the frontostriatal systems that are disrupted in MA use and depression and the
role of such systems in metamemory, MA+ individuals may be particularly susceptible to
inaccurate perception of their memory abilities; yet, no studies to date have examined this
construct among substance users. Therefore, we aim to determine the independent and
additive impact of MA use and MDD on metamemory, as well as explore other factors that
may affect metamemory processes within the MA+ cohort (e.g., executive dysfunction).

Materials and Methods

Participants

The sample was composed of 390 participants who participated in National Institute of Drug
Abuse (NIDA) funded research studies conducted from 1999-2012 that were approved by
the University of California, San Diego’s Human Research Protections Program. All
participants provided written informed consent prior to study participation. MA use disorder
diagnoses were determined via the Composite International Diagnostic Interview Version
2.1 (CIDI; WHO, 1997) or the Structured Clinical Interview for the DSM-1V-TR (SCID;
First, Spitzer, Gibbon, 1991), which follow the Diagnostic and Statistical Manual version
IV-text revised (DSM-IV-TR; APA, 2000) criteria; participants who met criteria for lifetime
MA dependence and MA abuse or dependence within the past 18 months were included in
the MA+ group (n = 195). One hundred ninety five participants who did not meet DSM-1V-
TR criteria for MA abuse or dependence currently or in the past, and also did not meet
DSM-IV-TR criteria for other drug or alcohol abuse or dependence within the past 18
months were included as a MA- comparison sample.

For both groups, participants were not enrolled in the study if they presented with a positive
urine toxicology result for all illicit substances (excluding marijuana) on the day of testing,
if they qualified for dependence of alcohol or other drugs (excluding marijuana and
prescribed medications) within the past year, or, specific to marijuana, participants were
excluded if they reported use the morning before testing (i.e., acutely intoxicated).
Additionally, participants were excluded if they had histories of primary psychotic disorders
(e.g., schizophrenia; substance-induced psychosis was allowed), severe medical problems
(e.g., seizures, TBI), or if they scored < 70 on the Wide Range Achievement Test — reading
subtest (WRAT-3 Reading; Wilkinson, 1993).
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Psychiatric Assessment

Mood disorders and other substance use diagnoses (e.g., alcohol) were determined based on
the CIDI or the SCID. Participants were classified as having lifetime Major Depressive
Disorder (MDD) if they ever met DSM-1V-TR criteria for MDD (including currently). A
semi-structured timeline follow-back interview (Rippeth et al., 2004) was used to determine
MA use characteristics (e.g., frequency, quantity).

Neuromedical evaluation

All participants completed a medical evaluation including a standard medical history
interview, structured neurological and medical examination, and laboratory testing of blood
and urine samples (Heaton et al., 2011).

Neurobehavioral Assessment

A comprehensive neuropsychological battery, designed to capture the primary cognitive
domains affected by MA dependence (Scott et al., 2007) was administered to all
participants. This battery included measures of episodic memory, executive functions,
psychomotor speed, attention/working memory, verbal fluency, and motor functioning
(Rippeth et al., 2004).

Episodic Memory Assessment—Learning and memory were specifically evaluated
using the Brief Visuospatial Memory Test (BVMT-R; Benedict, 1997) and Hopkins Verbal
Learning Test (HVLT-R; Benedict et al., 1998). Learning (i.e., trials 1-3) and delayed recall
scores on each measure were calculated and converted into scaled scores (M=10, SD=3) and
averaged across the two measures to create summary learning and delayed recall scores.
Participants were classified as “memory impaired” if they received a scaled score of < 7 on
learning and/or delayed recall. Given that the primary aim of this study was to determine
accuracy of one’s memory appraisal (i.e., one’s actual memory abilities in everyday life), we
used demographically-uncorrected scaled scores in order to best represent absolute memory
functioning (versus memory functioning expected for one’s age, education, gender, and
ethnicity). However, group differences in demographic (i.e., education, ethnicity, gender)
and neuropsychiatric functioning (i.e., WRAT-3 reading, lifetime MDD, lifetime alcohol or
other substance use disorders) were covaried in all between-group analyses.

Perceived Memory Functioning—Perceived memory ability in everyday life was
assessed using the memory domain (first 10 items) of the Patient’s Assessment of Own
Functioning (PAOFI; Chelune, Heaton, Lehman, 1986). On the PAOFI, each item (e.g.,
“How often do you forget people whom you met in the last day or two?”) is rated from 1
(“almost always”) to 6 (“almost never”), with lower scores indicating higher symptom
severity. “Significant” memory symptoms (i.e., items endorsed as 1 “Almost Always™, 2
“Very Often”, or 3 “Fairly Often’”) were then summed into a total memory symptom score.
Scores on the memory domain were used to classify participants as either having significant
symptoms (memory domain score=1) or no symptoms (memory domain score=0) of
memory functioning.
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Metamemory—All participants were then compared across objective memory
performance (impaired vs. intact) and memory symptoms (reported symptoms vs. no
symptoms) to operationalize four classifications: 1) under-estimators (intact performance,
but symptoms; n=147), 2) over-estimators (impaired performance, but no symptoms; n=37),
3) accurate/normal (intact performance and no symptoms; n=170), and 4) accurate/impaired
(impaired performance and symptoms; n=37).

Statistical Analysis

Results

In order to determine the impact of MA+ on objective episodic memory performance and
perceived memory functioning, we conducted a series of multivariable linear regression
models co-varying (i.e., controlling) for important demographic factors (i.e., age, education,
ethnicity, gender, WRAT-3 reading) and neuropsychiatric MA group differences in (i.e.,
lifetime MDD, lifetime alcohol use disorder, and lifetime non-alcohol or MA use disorders).
Three parallel models were conducted predicting learning performance (HVLT-R and
BVMT-R learning), delayed recall performance (HVLT-R and BVMT-R recall), and
reported memory symptoms (PAOFI memory scale; see Table 2).

Next, a multivariable logistic regression model was conducted including the same
independent variables as the previous models and including an interaction term between MA
+ and lifetime MDD predicting metamemory status. Finally, to examine which
neurocognitive factors may be independently driving differences on metamemory accuracy
within the MA+ group, we ran a multivariable logistic regression model controlling for
demographics (i.e., age, education, ethnicity, gender) and lifetime MDD with neurocognitive
abilities as the independent variables and metamemory as the dependent variable (see Figure
2).

Demographic and medical disease characteristics are represented in Table 1. Significant
(ps<0.01) multivariable linear regression models indicated that MA+ participants
demonstrated lower scores on objective measures of learning (i.e., BVMT-R and HVLT-R
learning; F(8,381)=27.6, p=0.011) and recall (BVMT-R and HVLT-R delayed recall;
F(8,381)=24.3, p=0.028) and higher scores on perceived memory symptoms (PAOFI;
F(8,381)=13.2, p<0.001) than MA- participants.

As detailed in the methods, metamemory was operationalized as a four-level variable across
all study subjects: under-estimate memory abilities, over-estimate memory abilities,
accurately estimate impaired memory, or accurately estimate normal memory. In a
multivariable logistic regression model similarly controlling for demographics and those
variables that differed between the MA groups, we found independent main effects for MA
status (x2=10.0, p=0.02) and lifetime MDD (32=8.3, p=0.04), as well as an interaction
between these two variables (MA x lifetime MDD: y2=11.7, p=0.008; Overall model:
¥2=107.8, p<0.001). At the univariate level, the MA x lifetime MDD interaction
demonstrated a stair step effect such that each risk factor contributed to increasingly greater
proportions of inaccurate metamemory (i.e., increased overestimators and under-estimators),
with the highest prevalence of both inaccurate under- and over-estimators observed in MA+

Addict Behav. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Casaletto et al.

Page 6

participants with a history of MDD (y2=42.2, p< 0.001). These data are displayed in Figure
1. Examining the main effect of MA use on metamemory abilities demonstrated that up to
56% of MA+ users exhibited some sort of metamemory inaccuracy (44% under- and 12%
over-estimating), compared to only 37% inaccuracy rate among the MA— comparison
participants (30% under- and 7% over-estimating).

Next, we examined clinical factors that differentiated the four metamemory group
classifications within the MA+ cohort. Using multivariable logistic regression models
controlling for demographics (i.e., age, education, gender, ethnicity) and lifetime MDD, we
found that WRAT-3 (over-estimators: b=-8.2, p<0.001), executive functions (over-
estimators: b=-1.5, p=0.005), and working memory (over-estimators: b=—2.9, p<0.001)
were each independently associated with metamemory group membership. Specifically, MA
+ individuals who overestimated their memory abilities performed the poorest across these
measures, as compared to those who accurately appraised their memory to be within normal
limits or under-estimated their memory abilities (see Figure 2). On the other hand,
metamemory group differences in verbal fluency (over-estimators: b=-1.8, p<0.001;
accurately impaired: b=-2.04, p<0.001), speed of information processing (over-estimators:
b=-1.7, p<0.001; accurately impaired: b =—1.3, p=0.003) and fine motor skills (accurately
impaired: b =-1.4, p=0.009) were driven by a memory impairment effect, such that only
those MA+ individuals who accurately reported their memory as impaired and those who
over-estimated their memory abilities (i.e., were objectively memory impaired but not
reporting it) performed the poorest on these measures. No MA use parameters (see Table 1),
or other substance use disorders were associated with metamemory group membership
among the MA+ users (ps>0.05).

Discussion

Deficits in episodic memory are prevalent and impactful in chronic MA users. This study
examined the degree, nature, and correlates of metamemory (i.e., awareness of memory
deficits) in a large cohort of persons with histories of MA use disorders. Consistent with
prior studies (Scott et al., 2007), we found that MA+ participants demonstrated mild-to-
moderate deficits on objective tests of learning and recall and greater reported symptoms of
memory problems in daily life versus a MA- comparison group. However, a disconnect
existed between the objective and self-report indicators of memory functioning, with less
than half of the MA+ individuals accurately assessing their memory abilities (44% under-
estimating and 12% overestimating) compared to about two-thirds in the MA- group (30%
under-estimating and 7% overestimating).

Among MA+ users, risk for under-estimating memory ability appeared to be exacerbated in
those with histories of MDD. Specifically, we found an additive, stair-step effect of MA use
and MDD on metamemory accuracy, such that individuals with no risk factors evidenced the
lowest prevalence of metamemory inaccuracy (MA-/MDD-: 37%), those with one risk
factor showed intermediate levels of inaccuracy (MA-/MDD+: 41%; MA+/MDD-: 53%),
and those with both risk factors evidenced the highest prevalence of metamemory
inaccuracy (MA+/MDD+: 63%). Consistent with prior studies of metacognition in the
context of mood disorders (Kalska et al., 1999), MA+/MDD+ individuals showed the
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greatest proportion of underestimation (i.e., inaccurately reported memory symptoms), as
well as the lowest proportion of individuals accurately assessing their memory to be
impaired (i.e., accurate memory symptoms); in other words, clinically, memory symptoms
do not appear to show good specificity as an indicator of actual memory abilities among MA
users with co-occurring mood dysregulation. Given the penchant for frontostriatal disruption
in both MA use and MDD (Earnst et al., 2000), and the importance of such prefrontal
systems for metamemory processes (Pannu & Kaszniak, 2005), these findings may
demonstrate behavioral evidence of increased frontal system burden with each condition. On
the other hand, MA+/MDD+ individuals also evidenced the largest proportion of over-
estimators, indicating that not all individuals with mood dysregulation will complain of such
neurocognitive problems. Therefore, careful clinical interviewing and referral for objective
neurocognitive testing are especially warranted in order to obtain an accurate picture of
memory capacity in this substance abusing population.

The metamemory deficits observed among individuals with MA use disorders may have
important real life implications for these individuals. For instance, the nearly doubled
prevalence of MA+ participants over-estimating their memory abilities (as compared to MA
— participants) may indicate a significant subset of individuals who are especially likely to
engage in tasks that they do not have the capacity to successfully complete without
appropriate compensatory support, thereby increasing the incidence of daily functioning
errors. On the other hand, the large proportion of MA+ participants under-estimating their
memory abilities is problematic in that this group of individuals may not be living up to their
“true” capacity, and therefore, perhaps unnecessarily limiting themselves from engaging in
the full range of daily tasks that they are capable of successfully completing. This may, in
turn, lead to a greater burden on caregivers or healthcare systems for management of daily
activities that may otherwise be accomplished by the patient. Although our study begins to
delineate the nature of how metamemory deficits manifest among MA+ users, future studies
are warranted to extend these findings to real world functioning; that is, determine how such
MA-related metamemory impairments truly impact the daily lives of these individuals (e.g.,
vocational functioning, medication adherence).

Further supporting possible implications for daily functioning, within the MA+ cohort,
individuals who over-estimated their memory abilities evidenced a unique pattern of greater
executive dysfunction (i.e., working memory, cognitive flexibility, and novel problem
solving) and lower reading scores compared to those MA+ participants who accurately
appraised their memory abilities. The sensitivity of greater executive dysfunction, including
working memory, in the over-estimator group is consistent with previous literature
demonstrating that frontal systems disruption is strongly linked to changes in metacognitive
accuracy (Stuss, 2011). That is, frontally-mediated executive dysfunction interferes with
accurate appraisal of one’s cognitive abilities, possibly due to the fact that appreciating
one’s true memory capacity requires integration of subjective experiences with objective
evidence of problems and failures. These processes likely rely upon deliberative and
strategic abilities, which are supported by executive functions.

Additionally, lower reading performance among MA+ individuals who over-estimated their
memory abilities may be indicative of lower “cognitive reserve,” or reduced capacity to
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counteract the effects of brain injury through enhanced cognitive networks (Stern, 2002). On
one hand, the pre-existing lower levels of cognitive reserve may simultaneously increase
risk for MA-associated cognitive effects while also reducing the ability to detect the
presence of such deficits (e.g., due to the reliance of metacognitive accuracy on executive
functions). An alternate, though not necessarily mutually exclusive, explanation is that the
dearth of compensatory cognitive networks is itself the very reason that the cognitive
problems are not detected. That is, not having the ability to engage cognitive networks to
compensate for memory problems means that those difficulties are not detected. This is
consistent with a recent study demonstrating a relationship between higher education levels
(another proxy for cognitive reserve) and greater metamemory accuracy in Alzheimer’s
Disease (Szajer & Murphy, 2013). Additionally of note, both cognitive reserve and
metacognitive accuracy have been positively associated with external compensatory strategy
use (Garrett, Grady, Hasher, 2010). Therefore, there may be some interplay between
cognitive reserve levels and metacognitive processes that leads to successful compensatory
strategy application in real life. Future studies further dissecting these relationships would be
critical to determine mechanisms by which compensatory strategy use occurs, and therefore,
identifying potential points of intervention to improve compensation approaches.

There are also several limitations to the current study that should be considered when
interpreting our data. First, our measure of metamemory examined memory symptoms in
daily life as compared to performance on neuropsychological memory tests in the
laboratory. Such laboratory-based memory tests, therefore, do not take into account the use
of compensatory strategies in daily life (e.g., writing notes), which may impact the severity
of reported memory symptoms (e.g., perhaps an individual uses memory-based
compensatory strategies in daily life and therefore does not have symptoms, but does indeed
show a memory deficit when these strategies are not employed). Future studies examining
the impact of metamemory accuracy on compensatory strategy deployment, however, are
needed in order to better delineate this effect. Additionally, our retrospective paradigm
examined metamemory from a broad approach (i.e., global correspondence between
everyday memory symptoms and memory test performance); other experimental
metamemory models that include direct comparisons between predictions of memory
abilities as applied to a specific test at hand (e.g., predict how many words you will
remember on a list learning task) may be additionally informative to indicate the level at
which memory perceptions become dissociated among MA+ users.

Our study represents the first evidence of a metamemory deficit among individuals with MA
use disorders, and begins to elucidate the nuanced nature of that deficit. MA users who both
under- and over-estimate their memory abilities (i.e., over half of the cohort) are of
important public health concern given that such inaccurate metamemory processes may
results in potential over-utilization of unnecessary services (e.g., caregiver burden) or risk of
daily errors (e.g., medication nonadherence), respectively. The additive, adverse role of
depression on awareness of memory processes is also a critical domain to consider when
presented with a substance use client with memory symptoms. Future studies that target
metamemory accuracy as a vehicle for neurorehabilitation, especially via successful
deployment of compensatory strategies, are needed in the substance use literature.
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Figure 1.
Stacked bar chart illustrating that methamphetamine dependence (MA+) and lifetime major

depressive disorder (MDD+) demonstrate an additive, adverse impact on metamemory
accuracy.
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Figure 2. Executive and working memory dysfunction, and lower cognitive reserve (i.e.,
WRAT-3) are independently associated with overestimating memory abilities among
methamphetamine (MA+) users (n = 195)

Displayed in the graph below, the bars represent the metamemory groups among the MA+
users, while neurocognitive domain (i.e., ability area) is represented on the x-axis and
average neurocognitive performance in scaled score units is represented on the y-axis. For
scaled scores, higher scores indicate better neurocognitive abilities; average scaled score =
10, standard deviation = 3. The brackets indicate the metamemory group(s) that performed
significantly different from one another on each neurocognitive domain. *p<0.05.

Note. WRAT-3 = Wide Range Achievement Test, 3™ edition; SIP=Speed of Information
Processing.
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Table 1
Clinical characteristics of study samples.

MA+ (n = 195) MA- (n=195) | p-value
Demographic
Age (years) (mean, SD) 38.4(9.2) 37.9 (12.3) 0.67
Education (years) (mean, SD) 12.0(2.2) 13.3(2.3) <0.001
Gender (% Male) 80.0% 65.6% 0.001
Ethnicity (% White) 71.3% 60.5% 0.025
Hepatitis C (%) 24.6% 18.5% 0.14
WRAT-3 96.8 101.2 <0.001
LT Major Depressive Disorder (%) 38.5% 21.5% <0.001
Current Major Depressive Disorder (%) | 10.8% 3.6% 0.006
Beck Depression Inventory (mean, SD) | 13.9 (11.1) 6.3(7.6) <0.001
Employed (%) 55.2% 39.5% 0.002
Methamphetamine Use Parameters
First MA use (age)2 200(16,26) | - | -
Last MA use (months)2 o@s 7y e
Duration of MA use (months)& 1232(68,192) | - | -
Quantity of MA use (grams)@ 3045.0 (1060, 6693) | ~— | -
Injection MA use ever (%) R I
LT Alcohol Use Disorder (%) 70.8% 28.2% <0.001
LT Cannabis Use Disorder (%) 54.4% 19.0% <0.001
LT Opioid Use Disorder (%) 11.8% 4.1% 0.005
LT Cocaine use Disorder (%) 34.4% 7.2% <0.001
LT SUD (non-MA/non-alcohol) (%) 68.2% 25.6% <0.001

Note. MA = methamphetamine; WRAT-3 = Wide Range Achievement Test, version 3; LT = lifetime; SUD = substance use disorder.

Median (IQR)
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Multiple regression analyses showing the adverse effect of methamphetamine (MA) use disorders on objective

episodic memory performance, daily memory symptoms, and metamemory.

Multiple Linear Regression Adjusted R?  F b p-value
Learning Test Performance 0.18 11.7 <0.001
Age -0.07 <0.001
Education 0.20 <0.001
Ethnicity -0.67 0.003
Gender 0.66  0.007
LT MDD 0.21 0.38
LT Alcohol Use Dx -0.33 0.20
LT Other Substance Use Dx 021 041
LT MA Use Dx 0.63 0.011
Recall Test Performance 0.18 115 <0.001
Age -0.08 <0.001
Education 0.25 <0.001
Ethnicity -0.37 0.003
Gender -0.80 0.003
LT MDD -0.14 0.26
LT Alcohol Use Dx -0.21 0.2
LT Other Substance Use Dx 0.09 051
LT MA Use Dx 0.30 0.03
Daily Memory Symptoms 0.06 4.2 <0.001
Age 0.001 0.92
Education -0.03 0.65
Ethnicity 0.43 0.13
Gender 039 019
LT MDD -0.58 0.046
LT Alcohol Use Dx 0.43 0.17
LT Other Substance Use Dx -0.53 0.09
LT Methamphetamine Use Dx -11 <0.001
Logistic Regression X? p-value
Metamemory 88.4 <0.001
Age 12.7 0.005
Education 11.2 0.011
Ethnicity 6.25 0.10
Gender 9.07 0.03
LT MDD 9.59 0.02
LT Alcohol Use Dx 221 0.53
LT Other Substance Use Dx 6.65 0.08
LT MA Use Dx 8.03 0.045
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Multiple Linear Regression Adjusted RZ  F b p-value

LT MDD * LT MA Use Dx 11.9 0.008

Note. LT = Lifetime; MDD = Major Depressive Disorder; Dx = Disorder; MA = methamphetamine.
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