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Abstract
Purpose Individuals with trait alexithymia (AL) display poor
cognitive assimilation of thoughts, feelings, and emotions.
This may result in the persistence of stress, anxiety, and de-
pressive disorders. The cumulative effect of this psychological
distress is also linked clinical markers of human immunodefi-
ciency virus (HIV) disease progression. This study examines
the indirect effect of AL on HIV viral load as a function of
baseline levels and change in psychological distress.
Methods N = 123 HIV positive adults aged 37.9 ± 9.2 years
provided blood samples for HIV-1 viral RNA and CD4 T
lymphocytes along with self-reported stress, anxiety, and de-
pression every 6 months for 2 years. A second-order condi-
tional latent growth model was used to represent baseline and
2-year change in cumulative levels of psychological distress
and to test the indirect effect of baseline levels of trait AL on
change in HIV-1 viral load through this latent measure.
Results AL was associated with baseline and latent change in
psychological distress. Furthermore, baseline psychological
distress predicted 2-year change in HIV-1 viral RNA after
controlling for viral load at baseline. Altogether, trait AL
had a significant indirect effect on change in viral load
(β = 0.16, p = 0.03) as a function of baseline levels of distress.

Conclusion Identification and communication of thoughts,
feelings, and emotions are important for long-term psycholog-
ical adaptation in HIV. Greater psychological distress, in turn,
allows for persistence of peripheral viral replication.

Keywords Human immunodeficiency virus . Alexithymia .

Anxiety . Stress . Depression . Latent growthmodeling

Introduction

Profound changes in personality and psychological function
are commensurate with human immunodeficiency virus
(HIV) infection [1]. So prevalent are these changes that it is
estimated that two out of every five HIV-positive individuals
experience an acute bout of stress, anxiety, or depression with-
in a given year [2–5]. Major personality traits such as open-
ness, extraversion, and neuroticism also are shown to play a
role in the trajectory of HIV disease progression [6]. These
traits are thought to play an important role in the degree to
which emotion regulation strategies are utilized to regulate
negative affect that leads to poor health [7, 8]. Although indi-
viduals with trait alexithymia (AL) display a poor ability to
regulate emotions, AL is conceptually different from emotion
dysregulation in that it is not conceptualized as a flexible
emotion regulation strategy or coping style. Rather, AL refers
to a rigid response pattern to emotional stimuli that predis-
poses the individual to psychological distress and disease.
Individuals with AL demonstrate a rigid response pattern that
includes (a) difficulty differentiating the feelings and bodily
sensations associated with emotional arousal, (b) difficulty
describing those feelings to others, (c) a paucity in imagina-
tion, and (d) an externally oriented cognitive style that is char-
acterized by poor internalization of affect [9, 10]. Alexithymia
appears to be stable over time and is commonly observed in
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chronic illness populations which may predispose them to
psychological distress and disease progression [11].
Although AL has only recently been examined within the
context of chronic immune suppression, its prevalence is es-
timated to be three to five times higher, i.e., 25–40 %, in HIV-
infected individuals [12, 13]. Thus, AL may be an important
risk factor to identify in HIV disease management; however,
there exists a large gap in our understanding of the longitudi-
nal effects of this trait.

One of the ways AL might affect health is through psycho-
logical impairment. Psychosomatic research to date has
shown considerable overlap between AL and measures of
perceived stress, anxiety, and depression [14–16].
Nevertheless, AL is shown to be more stable over the lifespan
than the intensity and duration mood [14, 17–20]. This long-
term stability places individuals with high levels of AL at a
greater risk of developing a psychiatric disorder over the
lifespan [21, 22]. This may explain the link between somatic
complaints and trait AL in various chronic illness populations
[11, 23, 24]. Although somewhat distinct from stress, anxiety,
and depression, AL may precipitate disease progression in
chronically ill populations via these psychological mecha-
nisms [11, 18]. For example, the stress-alexithymia hypothesis
purports that poor cognitive assimilation of affect predisposes
individuals with AL to a disassociated and exaggerated phys-
iological response [25–29]. It has been shown that prolonged
and amplified psychophysiological reactivity to stress may
alter immune function in HIV and that early observations of
AL in these patients were proportionate with greater somatic
complaints and medically explained illness than in patients
with lower levels of the trait [24, 30]. Exactly how psycholog-
ical distress may translate to physical illness has been the
focus of psychoneuroimmunology research. One popular
mechanism for HIV disease progression is alteration of the
sympathetic nervous system, hypothalamus–pituitary–adrenal
axis, and the bidirectional influence of the innate immune
system immune system [31–42]. In a previous cross-
sectional study, HIV-positive individuals with greater levels
of trait AL not only reported higher levels of stress, anxiety,
and depression than their low AL counterparts but also exhib-
ited a profile of higher norepinephrine to cortisol ratio and
HIV viral load [43]. Although compelling, assumptions re-
garding causal influence of these variables are limited by
study design, however, do provide the impetus for test the
longitudinal effect of trait AL on cumulative psychological
distress and HIV disease progression.

In addition to the effects of psychological distress on neu-
roendocrine dysregulation in HIV, concrete examples of im-
munosuppression have also been noted [5, 31, 42]. Our group
has shown elevated levels of psychological distress, charac-
terized by cumulative stress, anxiety, and depression, are
linked with reduction in T-memory cell and B-cell counts
[44], natural killer cell cytotoxicity and cytotoxic T-cell

activation [45], as well as CD4 T-helper cell count [46].
Despite the multiple avenues whereby AL-associated psycho-
logical distress may impact the progression of HIV disease
there has not been a formal assessment of the longitudinal
effects of AL in this population. The first objective of this
study was to test a model for linear change in psychological
distress as a function of variability in the initial levels and rates
of change in HIV adults. Second-order latent growth model
(LGM) are useful analytic tools to address these questions
because it provides multivariate estimates of both stability
and time-related change of latent construct such as distress
[47, 48].Whereas a first-order LGMuses repeatedlymeasured
observed scores to investigate change across time, second-
order LGMs have the advantage of controlling for measure-
ment invariance across time, meaning repeatedly measured
constructs can be modeled to retain similar interpretations
across time [49]. The second objective of this study was to
test whether the proposed linear change in psychological dis-
tress is dependent upon baseline levels of trait AL and whether
this change mediates the effect of AL onHIV-1 viral load after
24 months. It was hypothesized that trait AL would predict
higher initial levels and greater increase in psychological dis-
tress over time, and that increase would lead to an elevation in
HIV-1 viral load after 2 years.

Method

Participants

One hundred twenty-three HIV-positive participants, who
provided survey data (trait alexithymia and perceived psycho-
logical stress, anxiety, and depression) and HIV-1 viral load at
baseline and subsequently every 6 months over the course of
2 years, were selected from a parent study [50] for meditation
analysis. Patients included in this longitudinal study were in
the midrange of HIV disease (CD4 cell counts between 150
and 500, never had a clinical AIDS defining symptom, CD4
nadir 475) and were not actively using drugs, were not drug
dependent, having dementia, or psychotic. These patients
were recruited from a parent longitudinal study that aimed to
examine positive and negative psychosocial factors associated
with survival in chronic HIV disease. All procedures were
Institutional Review Board approved, and informed consent
was obtained from all participants. The majority (65 %) of
participants were male. The sample was diverse as it pertains
to gender, ethnicity, sexual orientation, socio-economic status,
and education (Table 1). Approximately 41 % of the sample
self-reported as being disabled. Moreover, nearly 64 % of the
sample reported an annual income below $10,000.
Approximately 80 % of the samples were taking antiretroviral
medications at the time of study intake (Table 2). Detailed
descriptions, inclusion criteria, and study designs are
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published elsewhere [43, 51, 52]. Information pertaining to
HIV disease treatment over the course of the study is present-
ed in Table 2. Approximately 80 % of the sample reported
being on an antiretroviral therapy regimen at both the begin-
ning as well as the end of the study period.

Measures

Alexithymia Trait alexithymia was measured using the
Toronto Alexithymia Scale (TAS-26; an internally consistent
scale with reliability ranging from 0.75 to 0.79) [10, 53]. The
TAS-26 has been used to operationalize alexithymia for per-
sons who meet the cut-off score set at ≥74, whereas persons
scoring ≤62 are considered to have an absence of alexithymia
[10]. The proportion of individuals meeting criteria for AL
was 24.6 % of the sample. AL was recorded at baseline only.
The alpha reliability of the AL scores was 0.88.

Depressive Symptoms The Beck Depression Inventory
(BDI) is a 21-item scale used to assess depressive symptoms
over the past 2 weeks on a scale of 0 to 3 [54]. Several items
on the BDI reflect somatic symptoms of depression whereas
other items represent a cognitive-affective component. The
BDI-Cognitive-Affective subscale consists of 13 items. The
somatic subscale consists of eight items. Depression was mea-
sured at baseline and every 6 months for 24 months. Because
this data was archived, we did not have the opportunity to
assess internal consistency of the measure; however, test-
retest reliability was significant between time points 1 and 2
(r = 0.615, p < 0.001).

Anxiety Symptoms The State-Trait Anxiety Inventory
(STAI) is a 40-item questionnaire assessing current state anx-
iety levels (SAI) and normal trait anxiety levels (TAI) of anx-
iety [55]. This scale has good internal consistency with reli-
ability coefficients ranging from 0.83 to 0.92. It also demon-
strates adequate validity, with high inter-correlations with oth-
er anxiety checklist scores as well as correlations with objec-
tive corroboration of presence or absence of stress. Trait anx-
iety was measured at baseline and every 6 months for
24 months. Test-retest reliability over the first two time points
was significant (r = 0.538, p < 0.001).

Perceived Stress The 14-item Perceived Stress Scale (PSS)
assesses the degree to which one appraises life as stressful due
to unpredictable, uncontrollable, and overwhelming experi-
ences over the past month on a scale of 0 (never) to 4 (very
often). Positive items were reverse scored and items were
summed to create a total PSS score [56]. Perceived stress
was measured at baseline and every 6 months for 24 months.

Table 2 Viral and medication status

Characteristics T1 T5

Viral load log, T1 3.6 ± 1.0 3.7 ± 1.2

CD4+CD3 321.4 ± 159.8 318.8 ± 197.4

ACTGa 9.7 ± 22.4 12.4 ± 28.4

Current antiretroviral regimen

None 20.5 % 20.5 %

More than one, no protease inhibitor 31.8 % 37.9 %

Combination with protease inhibitor 47.7 % 41.7 %

New antiretroviral regimen

No new antiretrovirals – 71.2 %

New antiretroviral; no protease
inhibitor

– 14.4 %

New antiretroviral; new protease
inhibitor

– 14.4 %

Taking protease inhibitorb 47.7 % 41.7 %

aACTG—proportion of missed doses to total doses over 3 days
bHAART includes PIs, Ziagen, Trizivir, Sustiva, or Viread

Table 1 Demographics

Characteristics n = 123

Gender (male) 65.2 %

Age (years) 37.9 ± 9.2

Currently taking HIV/AIDS medication 77 %

Ethnicity

African American 43.5 %

Non-Hispanic White 24.4 %

Hispanic 29.0 %

Other 1.5 %

Education

Did not graduate high school 20.6 %

High school graduate or equivalent 16.0 %

Trade school or some college 39.7 %

College graduate or graduate degree 23.7 %

Current employment

Full time 16.8 %

Part time 17.6 %

Student 5.3 %

Unemployed 16.8 %

Disability 41.2 %

Other 2.3 %

Yearly income

Less than $10,000 63.4 %

$10,001–$20,000 19.8 %

$20,001–$30,000 9.2 %

More than $30,000 7.6 %

Sexual orientation

Gay, exclusively 42.0 %

Predominantly gay, with hetero feelings 10.7 %

Predominantly hetero, with gay feelings 2.3 %

Heterosexual, exclusively 45.0 %
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Test-retest reliability over the first two time points was signif-
icant (r = 0.532, p < 0.001).

Adherence Behavior Prescribed medications and adherence
were assessed through an interviewer-administered AIDS
Clinical Trials Group (ACTG) Adherence Measure [57]. The
proportion of doses missed over the 3 days leading up to the
intake (ACTG-PMD) was queried for patients on anti-
retroviral therapy. Research suggests that in addition to the
proportion of missed dosages the inclusion of other behavioral
data related to adherence best predicts viral RNA replication
[58]. Medication adherence measured at baseline and at
24 months was tested in the model.

HIV-1 Viral Load Serum viral load (VL) was measured by
determining the number of HIV-1 virions per milliliter (ml) of
peripheral blood plasma using the Cobas Amplicor HIV-1
Monitor RT/PCR assay (version 1.5; Roche Molecular
Systems, Branchburg, NJ). Lower limit of sensitivity of this
assay was 400 copies of HIV-1 RNA/ml of plasma. Viral load
measured at 24 months and baseline were tested in the model
as the principal outcome and control measure, respectively.

T Lymphocytes CD4 lymphocyte count (CD3+CD4+) was
determined via whole-blood four-color direct immunofluores-
cence using an XL-MCL flow cytometer (Beckman/Coulter,
Miami, FL). The total lymphocyte count was determined
using a MaxM electronic hematology analyzer (Beckman/
Coulter). CD4 count at baseline and 24 months were both
tested in the model.

Statistical Procedures

The first step in the analytical approach taken for this study
was to produce a well-fitting second-order latent growth mod-
el in which change in psychological distress was modeled in
the repeated latent variables with multiple indicators, i.e., per-
ceived stress, anxiety, and depression. Since this model did
not include independent variables, it will be referred to as the
unconditional LGM. The second step incorporated two ob-
served variables of trait AL and 24-month HIV-1 viral load.
In this newly developed conditional second-order LGM, the
direct and indirect effect of trait AL on viral load was tested
through the slope and intercept of the second-order LGM for
psychological distress. Structural equation modeling (SEM)
was employed with the use of latent variables [59]. Data anal-
yses were conducted with the Mplus software program [60].
Full-information maximum likelihood (FIML) estimation was
applied to all data points to account for missing data [61].
There was no missing data for trait alexithymia scores, CD4
count, and HIV-1 viral load. Over the five time points, missing
data at random for the PSS, BDI, and TAS ranged between 0
and 11%with the lowest proportion of missing data occurring

at time point 1 and the highest (13 %) at time point 3. Because
the chi-square fit index is highly sensitive to sample size,
model assessment included comparative fit index (CFI) and
root means of the standard estimate (RMSEA). The criteria
used to determine acceptable model fit for CFI was a value
greater than 0.95 for close fit and 0.90 for fair fit, whereas
values for RMSEA of 0.05 indicate close fit and those in the
vicinity of 0.08 indicate fair fit [62]. Within each model, the
parameter estimates for significant path coefficients were eval-
uated by their critical ratio (CR). Much like a t statistic, critical
ratios which exceed 2.00 correspond to the null hypothesis test
of p <0.05.

Mediation Analysis A mediation analysis was conducted
within the conditional LGM in accordance with the guidelines
set forth by Baron and Kenny [63]. The first step involved
assessing the direct effect of trait AL on 2-year HIV-1 viral
load. The significance of the mediation was calculated using
the product of path coefficients from trait AL to the intercept
and linear change in psychological distress and from these
latent constructs to 24 month HIV-1 viral load with the
Sobel equation for testing indirect effects using the
bootstrapping technique with bias-corrected confidence inter-
vals [64].

Results

Unconditional Model

An unconditional latent growth model was first developed to
test the hypothesis of positive linear growth in psychological
distress over 24 months. In this model, the first indicator, i.e.,
perceived psychological stress, was selected as the reference
indicator and its loading set to 1.0 at each time point to scale
the latent variable of psychological distress. The loadings for
the intercept were each set at 1.0 representing the starting
point for the growth curve at baseline. The loadings for the
slope factor were set at 0, 1, 2, 3, and 4, which represents the
linear growth function. The fit for this model was unaccept-
able based upon a CFI of 0.72 and an RMSEA of 0.16, indi-
cating poor fit. To improve model fit, a second model was
developed wherein the error covariance of the individual in-
dicators for the repeated latent constructs was specified to be
equal over time. This is a typical step in LGM due to the fact
that consecutive measures closely spaced in timemay be high-
ly correlated. To further improve model fit modification, indi-
ces generated by the Mplus program were used to correlate
specific inter-measure error covariance. For example, the error
of depression measured at time point 2 was correlated with
anxiety measured at time point 2. The sum of these modifica-
tion indices resulted in a model achieving good fit, indexed by
a CFI of 0.93 and an RMSEA of 0.08. The mean of the

Int.J. Behav. Med.

Author's personal copy



intercept, i.e., starting point (β = 1.29, p < 0.05), and slope,
i.e., latent change (β = −39, p < 0.05) factors, were significant.
Moreover, significance test for the intercept of each time de-
pendent indicator suggests measures taken at each time point
were significantly different from zero. The overall results sug-
gest latent change in psychological distress independent of
trait AL and viral load over time and that the nature of this
change was a linear decline.

Conditional Model

After the best-fitting second-order LGMwas identified, a con-
ditional model was developed to test the plausibility of a direct
and indirect effect of trait AL on 2-year viral load. The param-
eter estimates obtained from the final model, presented in
Fig. 1, depict a significant direct effect of trait AL on 2-year
viral load (β = 0.18, p < 0.05) before specifying paths with the

latent intercept and slope. After specifying paths to and from
the latent intercept and slope, the model confirmed that greater
initial levels of psychological distress were associated with
higher baseline AL (β = 0.58, p < 0.001) and an inverse effect
on the linear decline in psychological distress (β = −0.34,
p = 0.04), meaning that greater AL predicted higher levels of
psychological distress over time. The model also confirmed a
significant path from baseline psychological distress to 2-year
viral load (β = 0.28, p = 0.02). However, the effect of change
in distress on viral loadwas not statistically significant (β = 0.17,
p = 0.24). By adding these paths, the direct path from baseline
AL to 2-year viral load was no longer significant (β = 0.04,
p = 0.77). Evidence of statistical mediation was further support-
ed by a significant indirect effect of trait AL on 2-year
viral load as a function of greater initial levels of psycholo-
gical distress (β = 0.16, p = 0.029). However, the indirect effect
through slope of psychological distress was not significant

Fig. 1 Circles represent latent variables, ovals represent slope or
intercept, squares represent measured variables (here, stress, anxiety,
and depression in three different time points), triangles represent
constants, double-headed arrows represent correlated variance or
covariance, and single-headed arrows represent regression weights.
Numerical values correspond to fixed parameters, whereas symbols
represent free parameters (those to be estimated). Ψα represents the
intercept variance, Ψβ represents the slope variance, and Ψαβ represents
the covariance of intercepts and slope. The elements of α are regression

coefficients predicting aspects of change from a constant (1.0) and can be
intercepted as the mean intercept and slope or random coefficients. The
elements of ε are variances and covariances of disturbing terms,
representing the portion of the variance in data not associated with the
hypothesized latent curves. Contents of λ represent functions of time
within each distress group. ζ represents the residual disturbance;
individuals’ deviations from the means of the intercept and slope or
random effects. *p < 0.05;**p < 0.01; ***p < 0.001.
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(β = −0.06, p = 0.32). Before confirming a final model, we
controlled for the effect of several covariates of interest on
2-year viral load: baseline viral load (β = 0.49, p < 0.001),
baseline CD4 T-helper count (β = 0.01, p > 0.05), medication
adherence leading up to 4 days before the final time point
(β = 0.09, p > 0.05), age (β = −0.04, p > 0.05), female gender
(β = −0.11, p > 0.05), and African-American ethnicity
(β = 0.12, p > 0.05). We also controlled for the effect of these
covariates on the intercept and slope of psychological distress.
All of the aforementioned covariates were not significantly
associated with the intercept or slope of psychological distress
(all ps > 0.05); however, there was a trend for higher baseline
viral load on greater baseline levels of distress (β = 0.18,
p = 0.59). The final model, controlling for the significant co-
variate, i.e., baseline viral load, showed acceptable fit
(CFI = 0.92; RMSEA= 0.08) and explained 33.3 % of the var-
iance in 2-year viral load.

Discussion

This study tested the direct and indirect effect of trait AL on
HIV-1 viral load as a function of both initial levels and linear
change in psychological distress, i.e., the cumulative effect of
stress, anxiety, and depression, over the course of 2 years. The
final model indicated that higher levels of trait AL were not
only associated with greater baseline distress but also linear
growth therein after controlling for baseline viral load.
Moreover, we found that the effect of AL on change in viral
load was mediated by initial levels of psychological distress.
These findings support our hypothesis that higher levels of
trait AL predict greater HIV disease progression, and that this
relationship is explained through an association psychological
distress, albeit baseline levels. This study also adds to a grow-
ing body of literature citing long-term effects of personality on
psychological adaptation and immune function in persons liv-
ing with chronic HIV disease [6, 65–69]. The direct path from
baseline AL to 2-year change in viral load observed in this
study is supported by extant cross-sectional and longitudinal
HIV findings [43, 70]. Moreover, the latent structure of base-
line psychological distress and its effect on viral load indirect-
ly supports previous literature showing an effect of distress on
immunosuppression in HIV [44–46].

Perceived stress was found to be a salient yet non-exclusive
mediator of the alexithymia–disease relationship in the current
study. Persons living with HIV/AIDS are subject to acute and
chronic forms of stress that range fromHIV stigma to physical
or somatic stress resulting from disease symptomology
[71–73]. Poor stress management in HIV not only precipitates
anxiety and depression but also more rapid progression of
virus itself [41, 65, 74–77]. The stress-alexithymia hypothesis
suggests one of the ways trait AL might be linked poorer
health is through a disassociated stress response [78–80].

Due to an inability to assimilate affective experience, persons
with high trait AL display a phenotype of tonic psychophys-
iological reactivity to stress that in turn has been associated
with neuroendocrine dysregulation, decreased natural killer
cell function, skewed pro-/anti-inflammatory cytokine ratios,
and reduced CD4/CD8 counts, albeit in the absence of HIV
infection [81–86]. The fact that baseline distress and not the
latent change therein was a significant predictor of 2-year
change in viral load further supports a tonic rather than dy-
namic effect of stress levels on HIV-related health.

One unexpected finding regarding the latent measure of
psychological distress was that overall levels appeared to de-
crease over time. This psychological adaptation may be a
characteristic of lower disease burden and better disease man-
agement previously documented in long-term survivors with
midrange CD4 count and absence of dementia, drug depen-
dence, or AIDS-defining diagnoses [43, 52]. Nevertheless, the
cumulative effect of stress, anxiety, and depression captured
by our latent construct of psychological distress is validated
by other HIV studies showing the positive relationship of this
latent measure to biomarkers of immunosuppression and en-
hanced viral replication [44–46]. Although measures of SNS
and HPA axis function were not included in the model, there is
a growing body of work suggesting norepinephrine and cor-
tisol ratios may covary with depression, stress, and trauma in
HIV-negative individuals with high levels of AL [87–89].
Despite the attractiveness of this mechanistic hypothesis, there
is a vast array of pathogenic and host genetic-immune factors
that play an established role in the rate of transcription and
replication of virulent strains [90–93]. There are several other
potential biomarkers that may explain the relationship be-
tween trait AL and HIV-1 viral load. Change in neuroendo-
crine function is known to alter receptor-mediated activation
of several aspects of leukocyte function, including cellular
activation, cytokine production, cell trafficking, and chemo-
taxis [52, 94–97]. Moreover, the norepinephrine spillover as-
sociated with tonic sympathetic activation may enhance HIV-
1 replication through up-regulation of viral transcription, sur-
face expression of viral co-receptors CXCR4 and CCR5, and
the catecholamine-mediated suppression of type I interferon
response [96].

The finding of baseline distress as a mediator of the AL–
HIV disease relationship underscores the need to address cop-
ing and emotion regulation strategies in long-term HIV dis-
ease management given that these strategies play a critical role
in psychological distress well as HIV disease progression [74,
75, 98–100]. It is unknown whether alexithymia-related dis-
tress is amendable to cognitive-behavioral stress management
in persons with HIV; however, emotion disclosure training has
proven successful in non-HIV clinical populations with AL
[101, 102]. Concomitantly, expressive writing with a focus on
the communication of emotions has been associated with re-
duction in distress, enhancement of immune function, and
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long-term survival in individuals living with HIV [103, 104].
Given the inability to communicate feelings, emotions, and
bodily sensations, a recent study has shed light on the impor-
tance of patient assertiveness as a mediator of the effect of AL
on HIV disease management via greater interpersonal func-
tioning [105].

Limitations

Despite sufficient empirical support of our latent construct and
mediator of psychological distress across the HIV literature,
self-report measures used in this study are considered inferior
to structured interview. However, incorporation of psycholog-
ical scales commonly used in HIV research allows comparison
of these findings to a larger body of literature. In order to
maintain an acceptable ratio of sample size to free parameters
(5:1), some psychosocial and sociodemographic covariates
implicated in HIV-related psychoimmune dysfunction were
not included in the final model. However, we were able to rule
out the effect of age, gender, and education level on 2-year
viral load outcomes despite previous evidence of the con-
founding effect of these variables on measures on psychoso-
cial, neuroendocrine, and immunological dysfunction in trait
AL [17, 87, 106–109]. Although CD4 cell count and medica-
tion adherence have both been tied to HIV disease progression
[110–112], neither were linked to 2-year change in viral load.
Furthermore, it is possible that the relationship between AL,
psychological distress, and HIV-1 viral load are not linear, but
instead transactive, thus future research should consider
changes in HIV-1 viral load over time and how these changes
may impact psychological functioning. Also, although AL is
mainly conceptualized as a personality variable, this measure
may not be entirely stable over time, particularly in chronic
illness populations where health may wane over time.
Structural models incorporating time-dependent measures of
AL and distress might be able to further elucidate whether a
bidirectional lead-lag relationship might exist between these
variables. Finally, although a significant proportion of the var-
iance in 2-year viral load was explained by the current model,
other behavioral pathways not included in this model, e.g.,
substance abuse, are known to alter immune function and area
also tied to greater difficulty identifying and describing feel-
ings [113–115]. We recommend that future studies employing
longitudinal models to examine these effects enroll larger
samples to the statistical power needed to specify ancillary
causal paths.

Conclusion and Implications

Our LGM confirms a direct and indirect effect of AL on 2-
year increase in HIV-1 RNA replication. The mediating effect
of psychological distress, albeit only baseline levels, on HIV
disease progression adds to a growing body of literature

supporting negative impact of AL and psychological distress
on immune health. Contemporary models for trait AL impli-
cate neurobiological mechanisms in poor cognitive assimila-
tion of affect [116]. The general prevalence neurological im-
pairment and genetic factors in the presentation of trait AL
might explain the high proportion (25 %) of individuals meet-
ing the criteria for AL in our sample [117]. Although HIV
dementia scale was used to screen patients with gross cogni-
tive impairment, subtle changes in HIV-associated
neurocognitive dysfunction are prevalent in asymptomatic in-
dividuals and may further impact cognitive-emotion process-
ing. Although cognitive behavioral stress management has
shown promise in the enhancement of psychological, neuro-
endocrine, and immune function for HIV-positive persons
[118–124], it is left to be determined whether these interven-
tions have comparable effects in HIV patients with high and
low levels of AL.
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