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Abstract
Background—Methamphetamine (METH) use and human immunodeficiency virus (HIV)
infection are highly comorbid, and both are associated with increased prevalence of affective
distress. Delineating the trajectory of affective distress in the context of METH dependence and
HIV infection is important given the implications for everyday functional impairment, adverse
health behaviors, and increased risk for adverse health outcomes.

Methods—We conducted a five-year longitudinal investigation involving 133 METH-dependent
(74 HIV seropositive) and 163 non-METH-dependent (90 HIV seropositive) persons to examine
both long-standing patterns and transient changes in affective distress. Mixed-effect regression
models with random subject-specific slopes and intercepts evaluated the effect of METH
dependence, HIV serostatus, and related variables on affective distress, as measured by the Profile
of Mood States.

Results—Transient changes in affective distress were found to be greater among those with a
diagnosis of current MDD, briefer durations of abstinence from METH, and higher quantity of
METH consumed. Weak associations were observed among static (time-independent predictors)
covariates and long-standing patterns in affective distress.
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Limitations—Study lacked data pertaining to the participants’ involvement in METH treatment
and relied on respondent-driven sampling.

Conclusions—Our longitudinal investigation of the trajectory of affective distress indicated that
specific and dynamic indices of current METH use were associated with greater transient changes
in mood. In the evaluation and treatment of affective distress, recency and quantity of current
METH use are important to consider given their association with heightened affective distress and
mood instability over time.
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Introduction
Affective distress is associated with increased symptom burden, functional impairment,
adverse health behaviors, and poor adherence to medical care regimens among persons
managing chronic medical conditions (Katon, 2003). In the context of human
immunodeficiency virus (HIV), methamphetamine (METH) abuse is a highly prevalent
comoribidity with physiological and neurocognitive effects that are associated with
impairment in everyday functioning abilities [e.g., medication adherence (Hinkin et al.,
2004; Marquez et al., 2009; Moore et al., 2012)] and increased risk for negative health
outcomes [e.g., faster disease progression (Ellis et al., 2003)]. Both METH dependence and
HIV infection are associated with increased affective distress that may further impair the
ability to prioritize and manage chronic health conditions (Carrico et al., 2007).

The long-term associations among affective distress and both METH abuse and HIV warrant
considerable attention given the implications for health outcomes. Investigations of the
temporal relationship between METH use and mood outcomes have thus far yielded
discordant results. For example, one investigation found depressive symptoms persisted
when measured two to five years after substance use treatment despite a reduction in self-
reported METH use (Rawson et al., 2002). Another study, however, reported a positive
association between recent METH use (i.e., within a five-day period) and increased
depression ratings (Peck et al., 2005). The discrepant findings may be due to a host of
factors, such as differences in evaluation periods, assessment measures, and characteristics
of the participants. Although these studies have begun to elucidate the association between
METH abuse and mood outcomes, these investigations were restricted to in-patient clinical
samples, which tend to yield higher rates of depression than samples of community
volunteers (Rabkin, 2008). Longitudinal investigations of affective distress in the context of
HIV infection suggest an association between longstanding HIV disease and increased
likelihood of incident mood disorder (e.g., Atkinson et al., 2008). Moreover, major
depressive disorder (MDD) in the context of HIV infection has been linked to poorer health-
related quality of life (Ickovics et al., 2001) and more rapid progression of HIV disease
(Atkinson et al., 2008; Ironson et al., 2005).

To complement investigations of affective distress in the context of METH abuse or HIV
infection alone, recent studies have examined the independent and combined effects of these
two conditions on affective distress. A cross-sectional study found an additive effect of
METH and HIV on mood disturbance, as evidenced by more severe depression in a dually
concordant group (i.e., METH+/HIV+) relative to single-risk groups (Bousman et al., 2009).
A two-wave longitudinal study (Iudicello et al., 2010) observed a significant improvement
in affective distress over time among a METH-abstinent group, which was not significantly
associated with HIV status. Although these studies offer preliminary results regarding
affective distress in the context of both METH dependence and HIV infection, research
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utilizing longitudinal designs with an increased number of data collection waves may help
better characterize changes and variability in affective distress that may be attributable to the
dynamic and fluctuating courses of METH use and HIV disease. This improved
characterization of the trajectory of affective distress has the potential to enrich the
identification of specific dynamic variables that may be critical targets of intervention to
improve health outcomes.

The extent to which the temporal associations among affective distress, METH use, and HIV
disease covary, or are spurious, over time is difficult to ascertain without longitudinal
designs with multiple waves of data collection. Multi-wave longitudinal designs are
advantageous in comparison to two-wave studies because they permit investigation of
individual growth curves, thus affording description and explanation of individual patterns
of change (Willett et al., 1998). Although most longitudinal studies focus solely on the
trajectories of change over time (i.e., the long-standing patterns captured by the estimated
slope), longitudinal data are also abundant with information about transient changes (i.e., the
changes in individual growth trajectories that are not accounted for by the specified model).
This current study aimed to provide a robust analytical approach by examining both the
long-standing patterns and transient changes in affective distress in relation to METH
dependence, HIV disease, and specific METH use characteristic variables and HIV disease
indicators.

The aim of this longitudinal study was to better characterize the trajectory of affective
distress in the context of METH dependence and HIV infection. This analysis also aimed to
delineate variation in trajectories of affective distress that may be better accounted for by
dynamic METH use (e.g., quantity of METH consumed between study visits) and HIV
disease (e.g., current CD4 count) indices than by METH dependency and HIV statuses
alone. The Profile of Mood States (POMS) (McNair et al., 1981) was selected as a measure
of affective distress because it assesses multiple indicators of emotional disturbance. Given
the additive effects of METH dependence and HIV infection observed in a prior cross-
sectional study (Bousman et al., 2009), we hypothesized that the METH+/HIV+ group
would report greater affective distress at the baseline assessment and would demonstrate
greater instability in self-reported affective distress over time in comparison to all other
groups. Additionally, we hypothesized that dynamic METH use and HIV disease indices
would be significant predictors of transient changes in affective distress. The temporal
relationship between affective distress and variables related to both METH dependence and
HIV serostatus warrants consideration given their interplay and associations with sexual risk
behaviors (Nakamura et al., 2011; Semple et al., 2002), which may lead to the transmission
of HIV (Halkitis et al., 2006).

Methods
Participants

Participants included 296 English-speaking individuals enrolled in a five-year longitudinal
NIDA-funded program project at the University of California, San Diego studying the
individual and combined neurobehavioral effects of METH dependence, HIV, and hepatitis
C (HCV). This study was approved by the Institutional Review Board of the University of
California, San Diego. Participants were recruited from the San Diego community, HIV
clinics, and substance abuse treatment programs. After providing written, informed consent,
each participant underwent an extensive structured substance use interview and a
comprehensive evaluation of other factors (e.g., neuropsychological, medical, and
psychiatric) at annual visits. The structured substance use interview was conducted at each
study visit and obtained a detailed history of cumulative and between-visit use of METH
and other recreational substances. The variables derived from this interview were age of first
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use, recency of use (i.e., number of days since last use), quantity (in grams) and duration of
use (in days). HIV infection was indicated by enzyme linked immunosorbent assays and a
Western Blot confirmatory test. General exclusion criteria were prior histories of
neurological (e.g., seizure disorders, closed head injuries, and cerebrovascular accidents) or
severe psychiatric (e.g., schizophrenia, mental retardation) conditions.

Diagnoses for psychiatric disorders common in METH-using populations, including MDD,
Bipolar Disorder (BD), and Antisocial Personality Disorder (ASPD) were established using
the Structured Clinical Interview for DSM-IV (SCID) (First et al., 1996). Although not an
exclusionary criterion for the overall program project, participants with a BD diagnosis were
excluded from this current investigation because analyses were interested in examining
changes in affective distress that were disentangled from a disorder of which mood
instability is a cardinal feature. Participants who met Diagnostic and Statistical Manual of
Mental Disorders (4th ed., DSM-IV) criteria for METH-dependence during their lifetime and
within 18 months of their first visit based on the SCID were included in the METH+ sample
(n=133). A sample of participants who may have used METH in their lifetime but did not
meet criteria for lifetime or current METH abuse or dependence was included in the METH
− sample (n=166). Due to the high prevalence of cannabis and alcohol use among METH+
individuals, participants with a history of abuse or dependence for alcohol and/or cannabis
were included. Individuals meeting criteria for abuse of other substances (e.g., cocaine,
opioids, hallucinogens, and sedatives) within the last 12 months or dependence within five
years of their initial evaluation were excluded.

As part of the overall program project protocol, most participants were followed with annual
study visits, although some participants were seen every six months. In this sample,
participants returned after an average of 411 days (SD=170) for visit 2 (n=296); 395 days
(SD=166) for visit 3 (n=228); 369 days (SD=118) for visit 4 (n=165); 353 days (SD=91) for
visit 5 (n=110); 337 days (SD=94) for visit 6 (n=37); 286 days (SD=103) for visit 7 (n=6);
and 249 days (SD=68) for visit 8 (n=3). Unlike the rigid underpinnings of repeated measures
analysis of variance (ANOVA), the general random-coefficient growth curve model
employed in this study allowed covariates and was insensitive to imbalances in the time
sampling between participants. Therefore, inclusion of visits with fewer participants was
less of a statistical issue because a fitted growth trajectory utilized all available data points
for a participant.

Procedure
Each participant was administered the Profile of Mood States (POMS) (McNair et al., 1981)
in order to assess acute affective distress within the sample. The POMS is a 65-item self-
report measure of current (i.e., the week prior to evaluation) mood states in which
participants rate various adjectives (e.g., “restless”) and brief phrases (e.g., “unable to
concentrate”) on a five-point Likert-type scale ranging from 0 (“not at all”) to 4
(“extremely”). Items on the POMS comprise a Total Mood Disturbance score and six
subscale scores (i.e., Tension-Anxiety, Depression-Dejection, Anger-Hostility, Vigor-
Activation, Fatigue-Inertia, and Confusion-Bewilderment). Higher scores on the POMS
Total Mood Score indicate greater affective distress. For the POMS subscales, an elevated
score also indicated greater affective distress, with the exception of POMS-Vigor-Activation
for which the opposite is true. Analyses were conducted using raw scores on the POMS
Total Mood Disturbance and subscales.

Data analyses and statistical considerations
Sample and substance use characteristics at the baseline assessment visit were compared
between four groups (METH−/HIV−, METH−/HIV+, METH +/HIV−, and METH +/HIV+).
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ANOVA or Welch’s ANOVA for unequal variances was used for comparison of continuous
outcomes, and chi-square or Fisher exact test was used for comparison of categorical
outcomes. Benjamini-Hochberg adjustment was used to correct for multiple significance
testing (Benjamini and Hochberg, 1995).

The variables involved in this longitudinal study fall into two primary groups: response and
predictor. Affective distress measures (i.e., POMS total and the six subscale scores) were
regarded as the response variables. The response variables were transformed by square root
to achieve normality in residuals in the analyses, with exception of POMS vigor score, for
which the non-transformed values provided a better fit. Predictors were subdivided into
time-independent (T-I) and time-dependent (T-D) predictors. The T-I predictors consisted of
the two classifiers of interest (i.e., METH dependency and HIV infection statuses),
demographic variables, and variables measured at the baseline visit (e.g., lifetime MDD, and
substance use- and HIV disease-related indices). The T-D predictors were variables
measured and changeable at each visit and corresponded to specific study visits.

The analysis consisted of two phases, according to a standard statistical approach described
by Abramson and Wolfson (2002). The first phase involved the production of derived data
based on a repeated-measures fit of each response variable to time alone. Each subject’s
record (whose length varies) was reduced by standard fitting methods to slopes and
intercepts (corresponding one-to-one with the subjects), and residuals (corresponding one-
to-one with the subjects’ visits). These derived data were the inputs to the next and more
novel phase of the analysis.

Of note, the employed fitting technique, while likelihood-based, was not a least-squares
method. Rather, the fitting method produced best linear unbiased predictions (BLUPs) that
were guided by a more suitable optimality criterion for random-effects modeling (Abramson
and Wolfson, 2002). The ensemble of slopes, for instance, generally achieves closer
approximation to the true value than a method fitting a separate least-squares line to each
subject. This approach did not require balance or regularity of the design. Long subjects’
records, in general, were considered more reliable, while short and relatively unreliable
records were reduced more strongly to a central point where they exerted appropriately less
influence on the subsequent analyses performed. Slopes and residuals are a natural
separation of the two main components of information in longitudinal designs. That is,
slopes encoded “chronic” information (i.e., the long-standing pattern of change in the
response variable) while residuals encoded “acute” information (i.e., transient changes in the
response variable unexplained by the basic time fit). The slopes were valuable for
correlation analyses with the T-I predictors while the residuals were valuable for correlation
analyses with T-D predictors.

In the second phase of the analysis, slopes were modeled in a multiple regression with T-I
predictors, and residuals were modeled in a multiple regression with T-D predictors. The T-I
predictors consisted of variables measured at baseline and included age; gender; lifetime
abuse or dependence diagnosis for alcohol and/or cannabis; age of first use and cumulative
quantity and duration of METH, alcohol, and cannabis use; HCV status; lifetime MDD
diagnosis; ASPD diagnosis; mood stabilizer use; antidepressant use; antipsychotic use; nadir
CD4; antiretroviral (ARV) status; and ARV regimen type. The T-D predictors were
variables measured at each study visit and included days since last METH, alcohol, and
cannabis use; interval METH, alcohol, and cannabis quantity and duration; current MDD
status; current CD4; HIV cerebrospinal fluid (CSF) viral load; and HIV plasma viral load.

The modeling was guided by scientific intent and parsimony to avoid over-fitting of all
possible available data, to which the highly mutivariate dataset might have lent itself. Prior
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to model selection, the variable inflation factor was used to check for multicollinearity, and
model selection was re-run to include only one of the correlated variables at a time. Some
regressions were performed on a subset of the participants, based on the availability of the
variables (e.g., CD4 nadir was measured in HIV+ participants only). Once the initial
predictive models were built, possible interactions were tested (e.g., lifetime MDD by HIV
status). With appropriate statistical cautions observed and guided by the Akaike Information
Criterion for model selection, multiple regression models were fitted for the response
variables. All statistical analyses were conducted using R [version 2.10.0 (2009); http://
www.R-project.org].

Results
Sample characteristics

The sample consisted of 296 participants at the baseline assessment visit. In general this was
a sample of mostly white, high school educated men in their mid-30s. At the baseline
assessment visit, the groups statistically differed by age and gender (p’s<.05) but not by
education or ethnicity (p’s>.05). Groups significantly differed at the baseline assessment
visit by proportion with HCV (p<.05). In terms of HIV status, a substantial proportion had
advanced disease (AIDS), most were not on antiretroviral treatment, and virologic control
was marginal. The two HIV groups did not differ on any of the HIV disease indicators (p’s>.
05). Relative to psychiatric illness, there were high lifetime frequencies of MDD, especially
in HIV+ groups, which were also reflected in elevated scores on scales of Tension-Anxiety,
Depression-Dejection, and Fatigue-Inertia. At the baseline assessment visit, there were
statistically significant group differences for proportion with lifetime MDD diagnosis,
proportion with lifetime ASPD diagnosis, scores on the POMS Total Mood Disturbance
scale and all subscales except Anger-Hostility (p’s<.05). However, there were no
statistically significant group differences for current MDD (p>.05). Demographic and
clinical characteristics of the study sample are shown in Table 1.

Substance use characteristics of the study sample at the baseline assessment are shown in
Table 2. The METH+ groups demonstrated significant higher levels of cumulative METH,
alcohol, and cannabis use as compared to the METH− groups. At the baseline assessment
visit, groups differed on all METH use characteristics (p’s<.05).

Long-standing patterns of change in affective distress: analysis of slopes
The mean POMS Total Mood Disturbance scores by visit for each group are illustrated in
Figure 1. To evaluate the temporal effect of METH and HIV on affective distress, subject-
specific slopes (i.e., the long-standing patterns of change) were regressed on METH
dependency status and HIV serostatus and then subsequently regressed on T-I predictors.
Results are displayed in Table 3. In general, the T-I predictors had weak associations with
long-standing patterns of change in POMS scores over time. The models accounted for 1 to
8% of the variance of the slopes for POMS Total Mood Disturbance and subscale scores
(p’s<.05). Neither METH dependency status nor HIV serostatus were significant predictors
of change in POMS Total Mood Disturbance or subscale scores (p’s>.05).

The HIV disease indicators were only available for the HIV+ participants and therefore a
separate set of regressions was performed on the HIV+ subset of the study sample. There
was only a statistically significant model for the POMS Confusion-Bewilderment subscale,
which accounted for 9% of the variance of the slopes (p<.05).
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Transient changes in affective distress: analysis of residuals
The residuals (i.e., transient changes) of each observation were regressed on METH and
HIV statuses and related variables to examine associations with transient changes in
affective distress. Residuals may be negative or positive, where larger absolute values
indicate greater fluctuations in POMS scores.

The models accounted for 4 to 13% of the variance of the residuals for POMS Total Mood
Disturbance and subscale scores (p’s<.001). Results are displayed in Table 4. A diagnosis of
current MDD at the various study visits was positively associated with residuals for POMS
Total Mood Disturbance scores. This association indicated that for the subset of persons
with a current MDD diagnosis, on average the residuals fell significantly above the
regression line, indicating higher scores on POMS Total Mood Disturbance than estimated
by the regression model if there was no effect of current MDD. Correspondingly, for the
residuals of the POMS subscales scores, the same positive association with current MDD
was found, except for the POMS Vigor-Activation, which had a negative association. The
number of days since last METH use was negatively associated with the POMS Depression-
Dejection subscale. Thus, for participants with fewer days since last METH use, the
residuals fell above the regression line, indicating that participants with more recent use
tended to have higher scores on the POMS Depression-Dejection subscale. Interval METH
quantity (i.e., reported quantity of METH consumed between study visits) was positively
associated with residuals for the POMS Confusion-Bewilderment model. This positive
association indicated that for the subset of participants with greater quantities of interval
METH use, the residuals fell above the regression line, indicating that scores on the
Confusion-Bewilderment subscale were higher for participants consuming more METH
during the study intervals.

As with the models involving the slopes, the residual analyses involved a separate set of
regressions that were performed on the HIV+ subset of the study sample given that HIV
disease indicators were only available for the HIV+ persons. The models of the residuals for
HIV+ participants only at all time points accounted for 7 to 15% of the variance of the
residuals for POMS Total Mood Disturbance and subscale scores (p’s<.001) (Table 4). As
with the model that included all observations, the model with only HIV+ individuals
revealed a positive association between a diagnosis of current MDD and residuals for POMS
Total Mood Disturbance scores. Furthermore, the model for POMS Total Mood Disturbance
scores included a statistically significant interaction between METH dependency status and
current MDD (p=.010). The interaction indicated higher POMS Total Mood Disturbance
scores for individuals with a current MDD diagnosis compared to those without a current
MDD diagnosis. Individuals with a current MDD diagnosis and without a METH
dependency diagnosis tended to have higher scores on these subscales than individuals with
both current MDD and METH dependency diagnoses. The models with only HIV+
individuals also revealed a positive association between a current MDD diagnosis and
residuals for POMS subscale scores, except for the Vigor-Activation scale for which a
statistically significant negative association was found. The model for Confusion-
Bewilderment scores included a statistically significant interaction between METH
dependency status and current MDD (p=.012), exhibiting a pattern similar to the model for
POMS Total Mood Disturbance scores. As with the model for all observations, the model
involving only HIV+ participants revealed a negative association between the number of
days since last METH use and the Depression-Dejection subscale.

Changes in affective distress without consideration of MDD
Given the intuitive finding that MDD absorbed much of the variance across the POMS
outcomes, secondary analyses were performed to evaluate changes in affective distress
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without consideration of MDD as a covariate to allow for detection of other relevant
predictors. In correspondence with the primary analyses, subject-specific slopes were
regressed on METH dependency status and HIV serostatus and then subsequently regressed
on T-I predictors. There were statistically significant models for the POMS Depression-
Dejection and POMS Fatigue-Inertia scales, with 1 to 2% of the variance of the slopes
accounted for (p’s<.05). The HIV disease indicators were only available for the HIV+
people and therefore a separate set of regressions was performed on the HIV+ subset of the
study sample. There was only a statistically significant model for the POMS Confusion-
Bewilderment subscale, which accounted for 7% of the variance of the slope, and included
age of first cannabis use and ARV status as predictors (p<.05). Results are displayed in
Table 5.

The residuals were then regressed on METH and HIV statuses and related characteristic
variables to examine associations with transient changes in self-reported affective distress
without consideration of current MDD as a covariate. The models accounted for 1 to 2% of
the variance of the residuals for POMS Total Mood Disturbance and subscale scores (p’s<.
05). For POMS Total Mood Disturbance scores, days since last METH use at the various
study visits was negatively associated with residuals. Correspondingly, for the residuals of
the POMS Tension-Anxiety, Depression-Dejection, Anger-Hostility, and Confusion-
Bewilderment, the same negative association with days since last METH use was found.
Thus, for participants with fewer days since last METH use, the residuals fell above the
regression line, indicating that participants with more recent use tended to have higher
scores on these POMS subscales. For the POMS Depression-Dejection, Anger-Hostility, and
Confusion-Bewilderment models, METH dependence status was negatively associated with
residuals. This negative association indicated that for the subset of participants with METH
dependence, the residuals fell above the regression line, indicating that their scores were
higher than predicted by the models. For the POMS Confusion-Bewilderment model,
interval METH quantity (i.e., reported quantity of METH consumed between study visits)
was positively associated with residuals. This positive association indicated that for the
subset of participants with greater quantities of interval METH use, the residuals fell above
the regression line, indicating that scores on the Confusion-Bewilderment subscales were
higher for participants consuming more METH during the study intervals. An additional set
of regressions were performed on the HIV+ subset of the study sample given that HIV
disease indicators were only available for the HIV+ persons. The only statistically
significant model of the residuals for HIV+ participants was for POMS Tension-Anxiety,
which accounted for 1% of the variance (p<.05). In this model, HIV Plasma Viral load was
positively associated with the residuals, indicating that for the subset of participants with
higher plasma viral load, their residuals fell above the regression line, indicating that scores
on the Tension-Anxiety subscale were higher for participants with higher plasma viral loads
during the study intervals. Results from the analyses of residuals are displayed in Table 5.

Discussion
Our longitudinal analysis found that persons with current METH use had higher levels of
affective distress and, furthermore, greater instability of affect over time. Improved mood
was observed over time for all groups; however, the dual and single risk groups have greater
levels of affective distress relative to the control group. Static covariates had relatively weak
associations with changes in affective distress, while more fine-grained dynamic indices of
METH use and HIV disease characteristics were associated with instability of affective
distress over time.

Despite many dynamic factors (e.g., HIV disease indicators and alcohol intake), the METH
+/HIV+ group remained relatively high in affective distress over time. The persistence of
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elevated affective distress may point to a neurobiological abnormality underlying substance
use and MDD, which may then be worsened by HIV. For example, greater affective distress
among METH users is associated with dysfunction in brain regions (e.g., limbic and
paralimbic regions) linked to mood disorders (London et al., 2004). Additionally, METH+/
HIV+ persons may experience greater social burden, which may contribute to the relatively
elevated levels of affective distress. In this regard additive effects of METH and HIV have
been observed for measures of functional dependence, such that HIV infection confers an
increased concurrent risk of METH− associated everyday living difficulties (Blackstone et
al., 2013). Correspondingly, METH− dependent persons are documented to have higher
rates of full-time unemployment status (Weber et al., 2012).

Our robust longitudinal analyses afforded the documentation of the temporal association of
dynamic METH use indices and instability in affect. Specifically, individuals consuming
greater quantities of METH between study visits had greater unpredictable fluctuation in
affective distress. Similarly, less abstinent individuals (i.e., individuals with fewer days
since last METH use) exhibited less predictability for Depression-Dejection. When current
MDD was not considered as a covariate, the association of recent use and less predictability
in affective distress was seen across the different subscales of the POMS. These results are
consistent with a prior investigation that reported a significant improvement in self-reported
affective symptoms for abstinent users relative to individuals who continued to use METH
(Iudicello et al., 2010). Furthermore, improvement in affective distress on the POMS for the
abstinent group reported in this prior study was found to be unrelated to infectious disease
status (i.e., HIV and HCV infection). These findings are congruent with research suggesting
reduction of mood symptoms following several days of abstinence (Newton et al., 2004) and
decreases in depressive symptoms following abstinence during treatment and for up to one
year post-treatment (Peck et al., 2005).

Although HIV serostatus in itself failed to significantly predict acute fluctuations in
affective distress, both plasma and CSF viral loads were included in the statistically
significant models as predictors, although neither of these predictors met statistical
significance. Specifically, individuals with higher HIV CSF viral loads exhibited greater
instability in their Anger-Hostility scores. Similarly, individuals with higher HIV plasma
viral loads experienced greater instability in their Tension-Anxiety scores. Moreover, when
current MDD was removed as a covariate in secondary analyses, plasma viral load
significantly predicted fluctuations in Tension-Anxiety. Thus, viral control seems to be
associated with transient fluctuations in mood states. These results provide further evidence
that instability in affect is synchronized and concurrent with poorer management of disease
progression among persons with HIV infection.

One particularly consistent finding in this current study was that individuals meeting criteria
for current MDD demonstrated greater transient and unpredictable fluctuations in affective
distress. Among HIV+ persons, METH dependency status and current MDD were found to
interact such that persons with current MDD had higher affective distress compared to those
without a current MDD diagnosis. For persons without current MDD, those with METH
dependence tended to have slightly higher affective distress than persons without METH
dependence. Furthermore, those with current MDD but without METH dependence tended
to have higher affective distress than those with both current MDD and METH dependent
diagnoses. Although these results may appear counterintuitive, they suggest that METH+
persons may be self-medicating and reporting less affective distress, or METH+ persons
may simply have less insight or perception of affective distress. Several investigations
indicate that difficulty with awareness, or tolerance, of internal experiences may serve as a
trigger for substance abuse (Carrico et al., 2007; Gifford et al., 2006; Hayes et al., 1996;
Morgenstern et al., 1997; O’Cleirigh et al., 2007), which is consistent with the self-
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medication hypothesis (Khantzian, 1997) that posits affect regulation as a key determinant
of substance abuse. Although substance use may allow individuals to avoid negative mood
states in the short term, elevation in depressive symptoms is commonly observed over time
(Baker et al., 2004; Kosten et al., 1998). Elevated depressive symptoms, in turn, predict
continued substance use (Baker et al., 2006; Baker et al., 2004). The cyclic pattern of
impaired ability to regulate negative affect without continued substance use is clinically
relevant, as this pattern may result in suboptimal management of HIV disease (Levine et al.,
2005).

Several factors limit the generalizability of our findings. First, our study lacked data
pertaining to the participants’ involvement in METH treatment and thus we were unable to
delineate associated patterns of change in affective distress due to the intervention of
treatment. Our investigation does not address the issue of route of administration, which
may be relevant given that METH injection is associated with poorer mental health (Domier
et al., 2000). Our investigation is also limited by the reliance on respondent-driven sampling
rather than random sampling to obtain our sample. However, random sampling is not always
feasible with populations such as illicit substance users who may not necessarily be willing
to participate in research studies. Another notable limitation is that healthier participants
may be more likely to attend more study visits, which may thus contribute to the finding that
affective distress decreases with time. Finally, our longitudinal investigation involved
repeated comprehensive assessments that may have acted as unmeasured interventions.
Despite these limitations, our study offers a new dynamic perspective on the temporal
relationship among mood states, METH dependence, and HIV infection.

The limitations of the study may be balanced by several strengths, including the novelty of
statistically separating longitudinal data of affective distress into long-standing and transient
patterns of change. This study does not offer a static examination of mood disruption.
Rather, it elucidates the nuances of change in affective distress over a five-year period.
Using a longitudinal design, we were able to observe that current METH use characteristics
are associated with the transient changes in affective distress.

Conclusion
In summary, this five-year longitudinal investigation involving 296 persons found that
transient changes of affective distress over time were associated with recency and quantity
of METH use. These results are consistent with prior research indicating that individuals are
likely to achieve the greatest relief of symptoms (e.g., alleviation of depressed mood and
reduction in sexual risk behaviors) by focusing on sustaining abstinence from METH use
(Jaffe et al., 2007). Because greater affective distress is associated with both poorer
engagement in medical care and treatment outcomes, the results of this research indicate the
desirability of comprehensive monitoring of recent METH use.
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Figure 1.
Mean POMS Total Mood Disturbance Scores by Visit for Each Group. The figure represents
the trajectory of affective distress across the first five study visits (individual group cells
contained n>15 at each visit depicted in the figure).
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Table 3

Associations of Long-standing Patterns of Change in Affective Distress and Time-independent Variables

Models for all observations Coefficient Coefficient P-value Model Adjusted R2 Model P-value

POMS Total Mood Disturbance .021 .034

 Education −4.1e-05 .034*

POMS Tension-Anxiety .075 <.001

 Education −1.7e-05 .004**

 Cumulative METH quantity (log10) 2.3e-05 .035*

POMS Depression-Dejection .023 .011

 Education −1.7e-05 .053

 Lifetime MDD −9.3e-05 .029*

POMS Vigor-Activation .038 .026

 ASPD −.00052 .118

 Cumulative METH quantity (log10) −.00015 .112

 Lifetime alcohol abuse .00046 .051

POMS Fatigue-Inertia .020 .019

 Gender −7.9e-05 .025*

 Lifetime MDD −4.9e-05 .086

POMS Confusion-Bewilderment .010 .107

 Lifetime MDD −7.2e-05 .107

 Age 1st cannabis use (log10) −.00035 .078

Model for HIV+ observations only Coefficient Coefficient P-value Model Adjusted R2 Model P-value

POMS Confusion-Bewilderment .094 .013

 Lifetime MDD −9.0e-05 .066

 ARV status

  Naïve (ref)

  Past 3.0e-05 .640

  Current .00013 .017*

Note: ARV = antiretroviral; ASPD = antisocial personality disorder; HCV = Hepatitis C Virus; HIV = Human Immunodeficiency Virus; METH =
Methamphetamine; MDD = major depressive disorder; POMS = Profile of Mood States; e = exponential function. Time-independent variables are
those that do not vary with time (i.e., demographic covariates and variables sampled at baseline).
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Table 4

Associations of Transient Changes in Affective Distress and Time-dependent Variables

Models for all observations Coefficient Coefficient P-value Model Adjusted R2 Model P-value

POMS Total Mood Disturbance .128 <.001

 Current MDD 1.365 <.001**

 Interval METH quantity (log10) .064 .158

POMS Tension-Anxiety .104 <.001

 Current MDD .644 <.001**

 Interval METH quantity (log10) .044 .075

POMS Depression-Dejection .116 <.001

 METH dependence −.200 .068

 Current MDD .907 <.001**

 Days since last METH use (log10) −.200 <.001**

POMS Anger-Hostility

 METH dependence −.190 .107

 Current MDD .718 <.001**

 Days since last METH use (log10) −.098 .056

POMS Vigor-Activation .040 <.001

 Current MDD −2.500 <.001**

POMS Fatigue-Inertia .065 <.001

 Current MDD .590 <.001**

 Interval METH quantity (log10) .042 .139

POMS Confusion-Bewilderment .103 <.001

 METH dependence −.084 .153

 Current MDD .502 <.001**

 Interval METH quantity (log10) .044 .039*

Models for HIV+ observations only Coefficient Coefficient P-value Model Adjusted R2 Model P-value

POMS Total Mood Disturbance .148 <.001

 METH dependence .218 .339

 Current MDD 2.476 <.001**

 METH-MDD interaction −1.500 .010**

POMS Tension-Anxiety .115 <.001

 Current MDD .639 <.001**

 Interval METH quantity (log10) .062 .083

 HIV Plasma Viral Load .073 .059

POMS Depression-Dejection .101 <.001

 Current MDD .844 <.001**
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Models for all observations Coefficient Coefficient P-value Model Adjusted R2 Model P-value

 Days since last METH use (log10) −.140 .026*

POMS Anger-Hostility .069 <.001

 Current MDD .719 .001**

 HIV CSF Viral Load .138 .071

POMS Vigor-Activation .067 <.001

 Current MDD −3.000 <.001**

POMS Fatigue-Inertia .074 <.001

 Current MDD .646 <.001**

POMS Confusion-Bewilderment .093 <.001

 METH dependence −.025 .764

 Current MDD .887 <.001**

 METH-MDD interaction .−590 .012*

Note: CSF = Cerebrospinal Fluid; HIV = Human Immunodeficiency Virus; METH = Methamphetamine; MDD = major depressive disorder;
POMS = Profile of Mood States. Time-dependent variables are those that vary with time.
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Table 5

Associations of Changes in Affective Distress without Consideration of MDD as a Covariate

Models of Long-standing Patterns of Change for all
observations

Coefficient Coefficient P-value Model Adjusted R2 Model P-value

POMS Depression-Dejection .011 .041

 Education −1.8e-05 .041*

POMS Fatigue-Inertia .020 .021

 Gender −6.3e-05 .080

 HIV status −4.9e-05 .094

Model of Long-standing Patterns of Change for HIV+
observations only

Coefficient Coefficient P-value Model Adjusted R2 Model P-value

POMS Confusion-Bewilderment .069 .026

 Age 1st cannabis use (log10) −.00032 .111

 ARV status

  Naïve (ref) .032*

  Past 4.3e-05 .504

  Current .00014 .010*

Models of Transient Changes for all observations Coefficient Coefficient P-value Model Adjusted R2 Model P-value

 POMS Total Mood Disturbance .010 .019

  Days since last METH use (log10) −.14 .019*

 POMS Tension-Anxiety .008 .030

  Days since last METH use (log10) −.068 .030*

 POMS Depression-Dejection .020 .005

  Days since last METH use (log10) −.190 .001**

  METH dependence −.230 .094

 POMS Anger-Hostility .012 .026

  Days since last METH use (log10) −.140 .008**

  METH dependence −.220 .071

 POMS Confusion-Bewilderment .014 .028

  Days since last METH use (log10) −.051 .125

  Interval METH quantity (log10) .036 .153

  METH dependence −.130 .057

Model of Transient Changes for HIV+ observations only Coefficient Coefficient P-value Model Adjusted R2 Model P-value

 POMS Tension-Anxiety .013 .041

  HIV Plasma Viral Load .082 .041*

Note: ARV = antiretroviral; CD4 = Cluster of Differentiation 4; CSF = Cerebrospinal Fluid; HIV = Human Immunodeficiency Virus; METH =
Methamphetamine; POMS = Profile of Mood States; e = exponential function.
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