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Abstract
Context—With better antiretroviral treatments (ART), persons living with HIV (PLWH) are
living longer, healthier lives. Therefore, they also experience more medical comorbidities that
come with normal aging, as well as side effects of multiple treatments and long-term sequelae of
HIV. It can be hard to know whether symptoms reported by PLWH are related to comorbidities or
are signs of HIV disease progression and possible treatment failure.

Objectives—The current study was designed to disentangle these issues by examining within-
person symptom changes in data collected from a cohort of PLWH before the advent of highly
efficacious ART.

Methods—This study was a secondary analysis of symptom reports in longitudinal data collected
from 246 PLWH in 1992–1994. Multilevel modeling was used to test for changes over time in
HIV-related symptom clusters. Analyses also tested the effects of person-level demographic
covariates and co-occurring mental health symptoms on HIV symptoms, and examined the
magnitude of within-person versus between-person variations in reported symptom severity.

Results—Two of six HIV-related symptom clusters, malaise/fatigue and nausea/vomiting,
increased over time in the context of HIV disease progression, while the other four did not.
Changes were independent of baseline disease severity or psychological covariates. There was
substantial within-person variability in absolute symptom severity.

Conclusion—Relatively small but consistent changes in symptoms related to nausea or fatigue
may suggest HIV disease progression, while changes in other HIV symptom clusters may instead
be related to comorbidities or normal aging. Further research is recommended on symptom
progression in PLWH.
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Introduction
With improvements in antiretroviral therapy (ART), the expected course of HIV has
substantially changed since 1997. On one hand, persons living with HIV (PLWH) may now
enjoy a life expectancy similar to their non-infected peers; on the other hand, they now face
a range of chronic disorders associated with aging, which are further complicated by HIV
disease processes, treatment side effects, and drug interactions [1,2]. HIV treatment is,
therefore, moving to a chronic care model that requires expertise in primary care, disease
management, and health behavior in addition to knowledge of HIV [3]. PLWH for 20 years
or more may have exceptionally complex clinical presentations. It can be difficult for
practitioners to know whether patients’ reported symptoms are related to HIV infection,
comorbid illnesses, or the side effects of ART or other treatments.

One potential source of evidence to help practitioners disentangle the effects of HIV
infection from other symptoms comes from data on the course of HIV in the absence of
highly effective treatment. Such data are available in the AIDS Time-Oriented Health
Outcome Study Databank (ATHOS), a large dataset with HIV symptom data collected
before the advent of highly effective ART in the late 1990s. The ATHOS dataset is a
longitudinal, observational database of PLWH who received care from community-based
providers. Data were collected from medical records and patient questionnaires at three
private practices in the San Francisco Bay area, two private practices in Los Angeles, and
five community clinics in San Diego. PLWH who provided information for this dataset
experienced HIV disease that was minimally treated by today’s standards, because the
available drug therapy at the time (zidovudine) did not have a strong effect on disease
progression or survival [4]. Using the ATHOS dataset, the current study was designed to
describe symptom changes in the context of HIV disease progression.

Symptoms in HIV May Have Multiple Etiologies
Symptoms are subjective health-related experiences that may be described in terms of their
intensity, duration, interference with daily activities, or degree of change over time [5].
Although HIV can produce flu-like symptoms of fever, sore throat, weakness, or rash, these
usually appear only 2–6 weeks after infection with the virus and tend to resolve in 1–2
weeks once the body begins producing antibodies to HIV. After this period of —primary
HIV infection, the virus remains in the body but is largely asymptomatic [6].

Later, if HIV is not effectively treated, symptoms result from disease progression as the
amount of HIV in the bloodstream (viral load) increases and the number of CD4+ cells in
the bloodstream decreases, indicating diminished immune system functioning. As the
immune system progressively weakens, PLWH become more vulnerable to opportunistic
infections (OIs) that do not usually cause illness in non-immunocompromised individuals.
OIs can cause disease and illness in most major body systems, resulting in diverse symptoms
such as mouth pain or sensitivity, genital pain or discomfort, digestion problems,
neuropathic pain, muscle pain, breathing problems, vision problems, or cognitive
disturbance. Further complicating the clinical picture is the fact that a given OI can produce
multiple symptoms. For instance, cytomegalovirus (CMV) is a common virus that is held in
check by the immune systems of most healthy individuals, but in immunocompromised
persons can lead to retinal damage, breathing problems, and/or colitis. Untreated HIV itself
can cause a wasting syndrome as immune functioning decreases and viral load increases;
this can include weight loss, weakness, fever, nutritional problems, and diarrhea [6]. The
advanced stage of HIV infection, also referred to as acquired immune deficiency syndrome
(AIDS), is defined by a CD4+ cell count below a certain level (< 200 cells/mm3 based on
current treatment guidelines, but other values in past definitions), or by the presence of one
or more OIs [7].
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Progression to AIDS is much less likely with current ART medications. Other sources of
symptoms in PLWH may be related to normal aging. Dementia, physical wasting, and
serious illnesses are more common overall in older individuals. However, HIV disease
progression also occurs more quickly among older than younger PLWH, so causality can be
difficult to determine. In addition, older PLWH have more comorbid illnesses that may
produce symptoms, including diabetes, cardiovascular disease, arthritis, asthma,
genitourinary conditions, and headache conditions [6]. Older PLWH actually tend to report
that comorbid illnesses create more symptoms and greater functional impairment than their
HIV [6]. As illustrated by this list of potential problems, a given symptom reported by a
person living with HIV may have many possible etiologies.

Finally, drug toxicity is an issue in all treatments for HIV and is more likely among older
adults. Two common and problematic HIV treatment side effects are osteoporosis and
lipodystrophy, which involves a redistribution of body fat from the face and extremities to
the abdomen and back, as well as an increase in total cholesterol, an increase in
triglycerides, and a decrease in glucose tolerance [6]. In addition, psychosocial stresses are
common in HIV and can be severe, including anxiety over disease management and possible
outcomes, disruptions in interpersonal relationships, and the possible experience of stigma,
overt discrimination, or violence [8]. Because of these potential consequences, many PLWH
carefully manage information about their HIV and attempt to limit disclosure of their HIV
serostatus; maintaining secrecy about HIV infection may then create additional sources of
distress. In part because of these stressors, depression is common in HIV, and may
exacerbate existing physical symptoms, result in treatment nonadherence, or be expressed as
somatic complaints [9,10].

Symptom Clusters in Minimally Treated HIV
Recent research on several chronic diseases suggests that symptoms often occur in groups
known as symptom clusters [5]. A symptom cluster can be defined as two or more symptoms
that occur together and are statistically related; symptoms in a cluster may or may not have a
common etiology [11]. HIV symptom clusters have been identified in the ATHOS dataset
through a theory-based approach using confirmatory factor analysis. This research identified
six symptom clusters in PLWH: malaise/fatigue, confusion/distress, fever/chills,
gastrointestinal discomfort, shortness of breath, and nausea/vomiting. A model using these
clusters provided an excellent fit to PLWH’s symptom reports in the ATHOS data, RMSEA
= .036, CFI = .99 [12]. The existence of symptom clusters in HIV suggests important
commonalities of experience among minimally treated PLWH. In cancer research, the
severity of clustered symptoms has also been found to predict functional disability [13] and
impairments in quality of life (QOL) [14]; such predictive relationships may also exist but
have not yet been reported in HIV. Understanding these experiences may be useful in also
understanding the symptoms reported by current cohorts of more effectively treated PLWH
as they age and cope with comorbid illnesses.

Because symptoms are subjective experiences, they depend not only on physiological
processes but also on patients’ recognition and interpretation of those processes. The
Symptom Interpretation Model (SIM) [15] provides a framework for understanding patients’
symptom experiences across a variety of chronic diseases, including HIV. The model
suggests that symptoms can be understood in terms of 1) input, the process by which a
patient recognizes a physiological disturbance and distinguishes it as an experience that is —
different from normal; 2) interpretation, including conceptual identification of a symptom
through a cognitive process, knowledge structure activation in which symptoms are
compared to expectations and past experiences, and reasoning in which judgment heuristics
and affective responses serve as filters for the symptom experience; and 3) outcome, a step
in which patients respond to their symptom experience through care-seeking or self-
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management behaviors. In the input stage of the model, sensory experiences can be
influenced by one’s experience with a disease, which continues to evolve over time. At this
stage, baseline disease severity might be expected to have an impact on patients’ symptom
perceptions by providing an overall —frame of health or illness against which new
physiological sensations are judged. For patients with more severe disease, minor changes in
symptom severity might not even reach the level of awareness because the patient’s
attention is focused on other problems. Changes in patients’ symptom reports over time are
also dependent on patients’ perceptual awareness of a —difference in their underlying
physiological state, which may be either lessened or heightened after long experience with a
disease. In the interpretation stage of the model, additional sensory, cognitive, and affective
responses come into play, including the patient’s description of the name, cause,
consequences, and timeline or duration of a symptom. Because of the role of interpretation,
patients’ reports of some symptoms may not change over time even when the underlying
disease worsens, while others might show a corresponding progression. Parallel emotional
processes can also affect patients’ symptom interpretations [16]: For instance, psychological
distress can amplify patients’ reports of symptom experiences such as pain [17]. The
outcome stage involves symptom management behaviors that were not evaluated in this
study, but that are predicted to depend on the input and interpretation stages.

The current study was a secondary analysis of the ATHOS dataset, in which multilevel
modeling (MLM) was used to evaluate within-person symptom changes over time for each
of the six HIV symptom clusters. MLM is a newer data analytic approach ideally suited to
answer questions about changes in symptom reports over time. Symptoms that change over
time in minimally treated PLWH are likely to be signs of disease progression, and
potentially important warning signs of treatment failure. However, if patients receiving
modern ART regimens experience changes in symptom clusters that are unrelated to disease
progression, these symptom changes may instead be signs of drug toxicity or comorbid
illness. In this way, describing the natural history of symptoms in a past cohort of minimally
treated PLWH can provide important clinical insights for current practitioners.

Methods
Participants

Data were drawn from the records of PLWH (n = 917) who were participants in a
longitudinal cohort study from January 1992 through October 1994 and who had complete
data on an HIV symptom scale. All participants had a CD4+ count < 500 cells/mm3,
indicating AIDS progression, by the time of study enrollment. All participants in the original
study signed an informed consent, and de-identified analysis of symptom cluster data was
approved by the Arizona State University Institutional Review Board. From the total cohort,
246 participants had at least five data points after their CD4+ cell count dropped below 500
cells/mm3, and these participants constituted the analysis sample. MLM analysis requires a
minimum of five data points per participant; therefore, only about 1/3 of the original sample
could be included in the analysis. Multilevel models with as few as five observations per
participant have been tested in simulation studies and produce results comparable to those
obtained with 30 or 50 observations per participant [18], but analyses based on fewer than
five observations per participant are potentially unreliable. There were no exclusion criteria
other than the number of observations per participant, complete data on symptoms and the
other variables of interest, and the original ATHOS study requirements.

Participants’ average age was 39.8 years (standard deviation [SD] = 8.8, 95% confidence
interval [CI] 22.6, 57.0) at the time they entered the study. One-hundred percent of the
participants were male. As was typical of PLWH in the early stages of the HIV epidemic,
83% of participants were White, non-Hispanic. The remainder were Hispanic (10%),
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African American (4%), or other racial/ethnic groups (3%). Participants were relatively
well-educated, with 40% having some college, 21% with a four-year college degree, and
23% with education beyond the baccalaureate degree. Participants had been living with HIV
for an average of 3.6 years (SD = 2.1 years, 95% CI 0, 7.7) at the time of enrollment.

Measures
Baseline Demographic and Clinical Characteristics—Participants’ age, baseline
CD4+ cell count, and number of years living with HIV were collected at the time of
enrollment.

Sign and Symptom Checklist for Persons with HIV (SSC-HIV)—The SSC-HIV
[19] assesses the six HIV symptom clusters described above, with 23 items (3–5 symptoms
per cluster). Each item is scored as 1 = yes or 0 = no, and items are summed to create a score
within each of the six symptom clusters. Possible scores, therefore, range from 0–3, 0–4, or
0–5, depending on the number of symptoms in the cluster. SSC-HIV symptom cluster
subscales have shown good internal consistency, with alphas ranging from 0.77 (nausea/
vomiting) to 0.90 (malaise/fatigue and confusion/distress) [12].

Psychological Covariates—The measures of mental health, health distress, and QOL in
the ATHOS data bank were derived from general health status scales [20–24]. Mental health
questions were designed to measure psychological distress and well-being [25]. The five
mental health questions were (1) Do you feel calm and peaceful? (2) Do you feel
downhearted and blue? (3) Do you feel very happy? (4) Do you feel very nervous? and (5)
Do you feel so down in the dumps that nothing could cheer you up? These questions’ item-
scale correlations in the Medical Outcomes Study baseline sample (n = 2,862) ranged from
0.65 to 0.81 [23]. Health worry is defined as the extent to which health problems cause
people to worry or be greatly concerned about their health. The following questions were
used to measure health worry in the ATHOS dataset: (1) Are you frustrated about your
health? (2) Are you afraid because of your health? and (3) Is your health a worry in your
life? The item-scale correlations for these questions ranged from 0.76 to 0.87 in the Medical
Outcomes Study baseline sample [23]. In the current study, mental health and health worry
scales were used as covariates in some models to determine whether psychological variables
could account for variations in HIV symptom experiences among PLWH. Patients’ scores
on a QOL scale from the ATHOS dataset also provided a QOL measure to validate our
initial assumption that ATHOS participants did experience HIV disease progression over the
time they provided data for the ATHOS study. The composition and psychometrics of this
QOL scale have been extensively reported by Sousa and Chen [26].

Data Analysis
Within-person changes on each of the SSC-HIV’s six subscales—malaise/fatigue,
confusion/distress, fever/chills, gastrointestinal discomfort, shortness of breath, and nausea/
vomiting—were modeled as a function of time since participants’ first CD4+ cell count <
500 cells/mm3. The time variable was based on exact dates, and measured in years carried to
two decimal places. We hypothesized that participants would have higher scores in each
symptom category over time (i.e., as their HIV disease progressed). Secondary research
questions were whether psychological distress could account for the relationship between
HIV disease progression and reported symptoms, and whether symptom reports varied to a
greater degree between participants or within individual participants’ scores over time.

All analyses were conducted using the program HLM 6.03 [27]. The following basic
equations were used to model symptom change over time:
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The six HIV-SSC symptom cluster scales were entered as the —symptom variable in
separate models. Participants’ age, CD4+ cell count, and number of years living with HIV at
the time of study entry were tested as possible level 2 covariates, because these were
considered potentially important clinical and demographic confounds that might affect
participants’ HIV symptom experiences. Only CD4+ cell count was sufficiently predictive
for inclusion in the final equations. In some analyses presented below, psychological
covariates (mental health and health distress) also were entered as within-person covariates
in the level-1 equations to control for the possible effects of psychological states on patients’
reported symptom experiences. All level 1 predictors were group-mean centered, and level 2
predictors were grand-mean centered [28]. Because the dataset was limited to participants
with at least five data points, computational techniques with robust standard errors were
used for all analyses. Unstandardized betas are reported as effect size estimates,
interpretable as average increase per year in the original scale units (e.g., points on a 1–4
scale).

Results
Tests for Sampling Bias

Because the requirement of at least five symptom data points per participant resulted in a
large number of original participants being excluded from this secondary analysis, tests were
performed to compare the study sample to the original population of 917 participants on all
available demographic characteristics. Results (Table 1) showed no significant differences
between the analysis sample and the original population of PLWH in the ATHOS dataset.

Evidence of HIV Disease Progression
CD4+ cell count values were not collected at each study visit, so the pattern of disease
progression over time could not be tested directly based on physiological data. However,
time from study enrollment predicted declining QOL, T (2233) = −2.64, P = 0.009, β1 =
−0.032, suggesting that disease progression did in fact occur over the course of participants’
time in the study. The requirement of an initial CD4+ cell count below 500 cells/mm3 as a
study inclusion criterion and the fact that most participants eventually died of AIDS-related
illnesses also support the argument that time since enrollment can be used as a proxy for
disease progression.

Effects of Person-Level Covariates on Symptom Reports
Clinical and demographic variables at the input stage of the SIM – participant’s age,
baseline CD4+ cell count, and years living with HIV before progression to AIDS – were
entered as person-level predictors of β0, with each of these potential covariates tested in
separate MLM analyses. For all symptom cluster scales except confusion/distress, lower
baseline CD4+ cell count predicted significantly higher symptom severity, all Ps < 0.01.
This finding suggests that the severity of reported symptoms in most clusters was related to
baseline disease severity. Therefore, initial CD4+ cell count was entered as a level 2
covariate predicting β0 (random-intercepts approach) in all subsequent models. However,
number of years living with HIV had no significant effect on any of the six symptom
clusters, all Ps > 0.06. Similarly, age at study enrollment had no effect on five of the six
symptom clusters, Ps > 0.20, with a significant effect only on the shortness of breath
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subscale, T (2230) = 2.17, P = 0.03, β1 = 0.007. This finding could be due to chance, given
the large number of screening analyses conducted on demographic and clinical predictors.

Change in Reported Symptoms over Time
In the context of HIV disease progression, reported symptoms increased over time on two of
six HIV-SSC symptom clusters. Significant increases were seen on malaise/fatigue, T
(2232) = 3.55, P = 0.001, β1 = 0.110, and nausea/vomiting, T (2232) = 2.49, P = 0.01, β1 =
0.053. However, there were no significant changes over time on fever/chills, T (2232) =
1.83, P = 0.07, β1 = 0.039, confusion/distress, T (2232) = 1.52, P = 0.13, β1 = 0.044,
shortness of breath, T (2232) = 1.29, P = 0.20, β1 = 0.016, or gastrointestinal discomfort, T
(2232) = 0.26, P = 0.80, β1 = 0.007. Exploratory analyses not presented here, with baseline
CD4+ cell count entered as a level 2 moderator of β1 (random-slopes approach), did not
change the results. Because all analyses controlled for initial disease severity via
participants’ baseline CD4+ cell count, the changes in malaise/fatigue and nausea/vomiting
appear to relate specifically to disease progression rather than to participants’ overall health.

Effects of Psychological States on Symptom Reports
Beyond the impact of initial health, it was considered important to control for mental health
symptoms at each point in time because the experience of physical symptoms can be
exacerbated by psychological distress (e.g., [17]). Therefore, reported symptom increases
might be due to increased psychological distress as HIV disease progresses – in the
framework of the SIM, a difference in symptom interpretation rather than an actual change
in symptom intensity. Both mental health, T (2233) = −5.90, P < 0.001, β1 = −0.363, and
health worry, T (2233) = −6.62, P < 0.001, β1 = −0.345, had significant effects on malaise/
fatigue. However, the observed effects of disease progression on malaise/fatigue remained
significant after controlling for either mental health, T (2231) = 3.59, P = 0.001, β1 = 0.008,
or health worry, T (2231) = 3.61, P = 0.001, β1 = 0.106. Similarly, both mental health, T
(2233) = −6.19, P < 0.001, β1 = −0.225, and health worry, T (2233) = −7.33, P < 0.001, β1
= −0.217, individually predicted nausea/vomiting symptom severity, but the effects of time
on nausea/vomiting also remained significant after controlling for either mental health, T
(2231) = 1.99, P = 0.046, β1 = 0.003, or health worry, T (2231) = 2.46, P = 0.01, β1 = 0.050.

Within-Person versus Between-Person Variability
Standardized regression lines were calculated for individual participants’ changes on the
malaise/fatigue (Fig. 1) and nausea/vomiting (Fig. 2) symptom clusters over time, with
higher scores indicating greater reported symptom severity. The models shown include
baseline CD-4 as both a covariate (effect on β0) and possible moderator of symptom change
over time (effect on β1), in addition to time as a predictor of symptom scores. As shown in
these figures, PLWH had substantial between-person variability in their absolute symptom
severity levels (i.e., different intercepts), but similar symptom progression over time shown
by the similar slopes of the lines. Regardless of the level of symptoms from which
participants started, disease progression was associated with an average increase of 0.77 of
five possible units on the malaise/fatigue symptom cluster, and with an average increase of
0.36 of three possible units on the nausea/vomiting symptom cluster over a study duration of
1–5 years.

Even though regression lines appeared similar across patients, there could still be random
variability not captured in these equations, which tend to make patterns look more regular
than might truly be the case. The level of within-person random variability in multilevel
models can be quantified using three different metrics. The most common is the intra-class
correlation (ICC), which describes between-person variability as a proportion of total
variability. In this dataset, ICC = 0.62 for the malaise/fatigue subscale and ICC = 0.38 for
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the nausea/vomiting subscale, indicating that only one-third to two-thirds of the total
variability in symptom severity could be accounted for by considering differences among
the multiple reports from individual participants. An alternate measure of within-person
variability, the mean squared successive difference (MSSD), measures average change from
one data point to the next data point in time [29]. In this study, MSSD = 1.12 for malaise/
fatigue and MSSD = 0.07 for nausea/vomiting, indicating small changes from one data point
to the next: an average of about one of five possible points for malaise/fatigue and one-tenth
of a point from a total of three possible points for nausea/vomiting. Finally, the probability
of acute change (PAC) is defined as the likelihood of a dramatic difference between one data
point and the next [29]. A movement of more than one point on a symptom cluster was
considered an acute change in this dataset. In this sample, PAC = 0.14 for malaise/fatigue
and PAC = 0.00 for nausea/vomiting, again suggesting that within-person changes were
small and consistent rather than large or dramatic.

Discussion
Understanding patterns of symptom change in minimally treated HIV can help clinicians to
differentiate among signs of HIV disease progression, symptoms of comorbid illness, and
treatment side effects. The current study was designed to examine symptom changes in the
context of HIV disease progression, using a secondary analysis of symptom data collected
from a large sample of PLWH whose HIV progressed to AIDS in the era before highly
effective ART. Person-level associations were found between PLWH’s initial disease
severity (measured by CD4+ cell count at the time of study entry) and their reported level of
symptom severity at each follow-up assessment on six symptom clusters identified in
previous research with PLWH. After controlling for baseline disease severity, there also
were significant within-person changes over time on the malaise/fatigue and nausea/
vomiting subscales of the SSC-HIV symptom measure. There were no significant changes
over time in participants’ scores for the other four symptom clusters: fever/chills, confusion/
distress, shortness of breath, or gastrointestinal discomfort.

Our results support key predictions of the SIM: For example, baseline disease severity did
predict patients’ symptom reports, confirming the role of patients’ personal disease history
as an influence on symptoms at the input stage of the model. The lack of change over time
found in some symptom clusters may be due to patients’ changing interpretations of their
symptom experience over time; based on other evidence for disease progression in this
sample, the underlying physiological processes likely did change despite patients’
perceptions that their symptoms in most clusters were no worse from the beginning to the
end of the study. In this context, the changes observed in two of six symptom clusters are
particularly noteworthy: These changes were extreme enough to rise to the level of patients’
awareness and be reported as differences in PLWH’s experiences of their disease. As
expected based on Leventhal’s model of parallel cognitive and emotional processes as
incorporated in the SIM, psychological distress also predicted patients’ symptom
experiences, but changes in psychological distress alone could not account for observed
changes over time in nausea/vomiting and malaise/fatigue. The association of symptom
changes with a physiological endpoint (mortality) in the current study suggests that changes
in patients’ subjective symptom experiences have objective health significance, although
self-management or help-seeking behaviors in the output stage of the SIM were not
examined in the current research.

Change over time is one way to describe symptom clusters [5], but past research has not
examined change over time in HIV symptom clusters. Therefore, the results of the current
study are novel descriptive findings that may suggest important areas for further
investigation, but they require replication before any definitive conclusions can be drawn.
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These initial results suggest that HIV disease progression is associated with increases in two
specific symptom clusters – malaise/fatigue and nausea/vomiting – but not with changes in
other HIV-related symptom clusters. Knowing this may help practitioners to differentiate
between symptoms that suggest treatment failure or nonadherence, and those that reflect
comorbid illnesses, treatment side effects, or physiological states unrelated to HIV. Such
determinations are particularly important for practitioners who treat the growing population
of older adults with HIV, because aging and long-term HIV survivorship are each associated
with multiple inter-related health problems that may be related or unrelated to HIV
infection.

To test a possible alternative interpretation that symptom changes were due to PLWH’s
psychological reactions rather than to the physical effects of HIV disease progression,
analyses of symptom change over time were repeated with two psychological covariates, the
mental health and health worry scales. Based on these analyses, observed changes in the
malaise/fatigue and nausea/vomiting symptom clusters were independent of any
psychological changes experienced by PLWH in the context of HIV disease progression.

Despite consistent patterns of change in symptom clusters across PLWH, our results also
showed substantial between-person variability in the absolute level of symptoms reported.
Some PLWH reported very low levels of symptoms that increased by the end of the study
but still remained low overall. Other PLWH started out reporting very high levels of
symptoms but still had slight increases in reported symptom severity. These findings are
also consistent with the SIM, which suggests that patients’ individual perceptions of
symptom severity are based on their judgments, emotions, and personal frame of reference.
Differences in such person-level characteristics, which were not measured in the current
study, are likely responsible for PLWH reporting different absolute levels of symptom
severity, and for the finding that these overall symptom severity levels were relatively
constant within persons over time. Based on the current findings, the clinical significance of
any specific symptom severity level must be evaluated in the context of each PLWH’s
baseline symptom experience. It appears that change in symptoms from baseline is more
indicative of HIV disease progression than absolute symptom severity level. Again, this is a
novel finding from an innovative approach to studying HIV symptom change over time,
which requires replication in order to draw definitive rules for practice.

Clinical Implications
Because of the high within-person variability and small overall magnitude of symptom
changes, it is unlikely that a simple cutoff score could be used to identify clinically
meaningful symptom changes. However, based on our analysis of acute changes, a
movement of more than one point from one observation to the next was extremely unlikely
on either the malaise/fatigue or nausea/vomiting symptom clusters among PLWH included
in the ATHOS dataset. Therefore, any change of this magnitude on either of these HIV-
progression-related subscales would be an important clinical rationale (although not the only
one possible) for inquiring further about patients’ adherence, the efficacy of ART, or other
factors related to HIV disease progression. In some cases, providers might be able to
identify medication dispensing errors (e.g., patients given ritonavir instead of Retrovir and,
therefore, receiving an inefficacious ART regimen), health literacy concerns (e.g., patients
taking —two pills twice daily as one in the morning and one at night rather than two at each
dose), or patient nonadherence because of treatment side effects or other concerns [30].

Limitations and Directions for Future Research
Strengths of the current study included the longitudinal dataset, the state-of-the-art statistical
approach used to examine within-person change over time, and the availability of symptom
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data from a cohort of PLWH not treated with modern ART medications that likely
complicate the study of symptom trajectories. However, one substantial limitation of this
study was our inability to analyze data from more than one-third of participants in the
ATHOS dataset. This was because of the analytic requirements of the multilevel modeling
procedure, which so far has been validated only in datasets with five or more observations
per participant. In the current dataset, participants with five or more data points also
remained in the study for a longer period of time, which may suggest better initial health or
more gradual HIV-related disease progression. Although we attempted to address this
potential source of selection bias and found no significant differences between the study
sample and the overall population of PLWH in the ATHOS dataset, nonsignificant
differences on baseline CD4+ cell count and study duration were in the direction that would
be expected if participants in the analysis sample did in fact have less severe illness. In
addition, it is possible that our analysis sample could have differed from the total ATHOS
population in important ways that were not measured or included in these comparisons.
Thus, the current findings may not apply to PLWH with very rapid HIV disease progression.

Second, because this was a secondary data analysis, other covariates not included in the
original dataset could not be controlled statistically and may have had an impact on our
results. For instance, treatment side effects were not systematically assessed. Because CD4+
cell count was recorded only at baseline, it was not possible to directly examine the extent of
disease progression over time; however, participants’ declining scores on the QOL scale
support our assumption that disease progression occurred. Based on these limitations, it is
not possible to definitively conclude that time-related changes in the malaise/fatigue and
nausea/vomiting symptom clusters were the direct result of HIV disease progression. It is
possible that some other time-dependent covariate could have produced these changes
independent of HIV disease progression. In addition, because of the epidemiology of HIV at
the time these data were collected, the sample included few minority group members and no
women. Therefore, results may not generalize to these groups, which are currently the
faster-growing segments of the population of Americans living with HIV [31].

It is difficult today to replicate the type of data contained in the ATHOS dataset, for the
simple reason that more effective antiretroviral treatments now exist and it would be
unethical to deny patients these treatments in order to observe how their symptoms advance
over time. Therefore, it is unlikely that future studies will be able to directly address the
limitations noted, such as by adding variables that the original ATHOS investigators did not
choose to include. However, future research could make an important contribution by
prospectively tracking symptom changes among PLWH with effectively treated HIV,
recording eventual disease outcomes, and looking for symptom markers that might have
served as early warning signs that a case was headed towards treatment failure. Statistical
methods were employed in the current study to control for disease severity and mental
health symptoms, which are important covariates to consider in future research; treatment
side effects and continuity of care might be additional covariates to measure in future studies
of symptom clusters in HIV. A similar methodology could be employed to study symptom
trajectories in other chronic illness populations with identified symptom clusters (e.g.,
cancer), and the same covariates are likely to be important in such research. Future studies
of symptom trajectories in any chronic disease also could make an important contribution by
implementing more frequent symptom measurements, for example, by using ecological
momentary assessment strategies to collect symptom data from patients in the course of their
everyday lives. Finally, the relationship between symptom changes and other important
disease-related outcomes could be studied by examining secondary measures like functional
status and QOL in addition to mortality.
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Conclusion
Results of this study suggest that changes in some symptom clusters, but not others, occur in
the context of HIV disease progression. This finding complements other data on the
existence and prevalence of symptom clusters in HIV, and extends that research by
suggesting potential clinical implications of changes in PLWH’s symptom experiences over
time. More broadly, the current findings also support components of the SIM as a
framework for understanding patients’ symptom experiences in chronic diseases. At the
input stage of the model, patients’ perceptions of their symptoms were influenced by their
past history of disease, and at the interpretation stage, evidence was found for hypothesized
parallel cognitive and emotional processes as determinants of patients’ reported symptom
severity. Results may be useful to researchers who study patients’ symptom experiences in
HIV and other chronic diseases.
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Figure 1. Change in Malaise/Fatigue with HIV Disease Progression
Note. Lines represent fitted regression models for individual participants’ symptom changes
over time, with time entered as an uncentered level-1 predictor of malaise/fatigue, and using
a random-slopes and random-intercepts approach with participants’ baseline CD4 values as
a level-2 predictor. Differences in the y-intercept for each line represent between-person
variability in the overall severity of symptom reports. The positive slope of each line show
within-person increases in symptom severity over time.
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Figure 2. Change in Nausea/Vomiting with HIV Disease Progression
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Table 1

Participant Demographics

Characteristic Sample Included in Analysis (n
= 246)

Original Population of ATHOS
Dataset (n = 917)

Evidence of Sampling Bias

Age at Start of Study 40.2 years (SD = 8.5, 95% CI
[23.5, 56.9])

39.8 years (SD = 8.8, 95% CI
[22.6, 57.0])

No: t (1159) = 0.05, P = 0.96, d
= 0.05

Sex 100% Male 100% Male No: χ2 = 0.00, P = 1.00, φ =
0.00

Minority Race/Ethnicity 13% non-White 17% non-White No: χ2 = 2.16, P = 0.14, φ =
0.04

Level of Education 57.9% college or higher 60.4% college or higher No: χ2 = 0.55, P = 0.46, φ =
0.02

Years Living with HIV at Start of
Study

4.03 years (SD = 2.07, 95% CI
[0, 8.09])

3.61 years (SD = 2.10, 95% CI [0,
7.73])

No: t (1159) = 0.20, P = 0.84, d
= 0.20

Baseline CD4+ Cell Count M = 312.6 (SD = 138.3, 95% CI
[41.5, 583.7])

M = 288.6 (SD = 146.0, 95% CI
[2.4, 574.8])

No: t (1159) = 0.17, P = 0.87, d
= 0.17

Number of Study Visits
Completed

M = 9.16 (SD = 2.10, 95% CI
[5.04, 13.28])

M = 6.97 (SD = 3.63, 95% CI [0,
14.08])

No: t (1159) = 0.65, P = 0.52, d
= 0.65
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