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Abstract
Objective—To assess whether CD8+ T-cell activation predicts risk of AIDS and non-AIDS
morbidity during suppressive antiretroviral therapy (ART).

Design—Post-hoc analyses of ART-naïve subjects in prospective ART studies. Subjects with
HIV-RNA levels ≤ 200 copies/mL and CD8+ T-cell activation data (%CD38+HLA-DR+) at year-
one of ART were selected to determine years 2–5 incidence of AIDS and non-AIDS events.

Methods—We censored data at time of ART interruption or virologic failure. Inverse probability
of censoring weighted logistic regression was used to correct for informative censoring.
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Results—We included 1025 subjects; 82% were men, median age 38 years, pre-ART CD4 count
255 cells/mm3, and year-one activated CD8+ T-cells 24%. Of these, 752 had 5 years of follow-up;
379 remained on ART and had no confirmed plasma HIV-RNA >200 copies/mL. The overall
probability of an AIDS or non-AIDS event in years 2–5 was estimated at 13% (95%-confidence
interval [CI] 10–15%), had everyone remained on suppressive ART. Higher year-one activated
CD8+ T-cell percentage increased the probability of subsequent events (Odds-Ratio 1.22 per 10%
higher [95%-CI 1.04–1.44]); this effect was not significant after adjusting for age. Among those
age ≥ 50 years (n=108 at year 1), the probability of an event in years 2–5 was 37% and the effect
of CD8+ T-cell activation was more apparent (Odds-Ratio=1.42, p=0.02 unadjusted and adjusted
for age).

Conclusions—CD8+ T-cell activation is prognostic of clinical events during suppressive ART
although this association is confounded by age. The consequences of HIV-associated immune
activation may be more important in those age ≥50 years.

Keywords and phrases
Antiretroviral Therapy; HIV/AIDS; CD8+T-cell activation; virologic suppression; loss to follow-
up; observational data

Introduction
Despite the many effective treatment options currently available for subjects with HIV
infection, AIDS-defining events still cause hospitalizations and deaths, even among subjects
on suppressive antiretroviral treatment (ART) [1]. In addition, HIV-infected subjects are at
higher risk for serious morbidity and death due to non-opportunistic diseases, such as liver,
cardiovascular, renal and malignancies, than the general population [2,3]. To inform the
decision on which subjects to institute additional treatments and preventative measures, it is
important to identify subjects with poor prognoses despite viral suppression with ART.

Several soluble markers of inflammation and coagulation have been associated with the risk
of developing AIDS and non-AIDS morbidity during ART. In the SMART study, which
randomized subjects to continuous ART or intermittent CD4+ T-cell count (CD4 count)
driven ART, soluble plasma markers of inflammation, monocyte activation, and coagulation
(high sensitivity C-reactive protein, interleukin-6, sCD14, and D-dimer) predicted
subsequent all-cause mortality; importantly, this effect was also observed in the subset of
individuals randomized to continuous ART [4,5]. Similar associations have been observed in
FRAM [6], ESPRIT [7], VACS [8], and FIRST studies [9]. However, none of these studies
evaluated the prognostic significance of T-cell activation during ART-mediated viral
suppression.

T-cell activation has been used as the primary surrogate outcome for several recent
randomized controlled trials of immune-based interventions in this setting [10–12], given its
superior stability and reproducibility within individuals, but it may reflect distinct
pathophysiologic pathways from markers of inflammation and monocyte activation. Most of
the larger cohorts with sufficient numbers of events to assess morbidity and mortality have
focused on measurements that can be performed with stored plasma. These soluble
biomarkers generally reflect activation of the innate immune and coagulation systems. The
study of T-cell activation and function requires access to cryopreserved cells and is
logistically more challenging. T-cell activation—as defined by co-expression of HLA-DR
and CD38—fails to normalize during effective ART [13–15]. The frequency of these cells in
untreated HIV disease is a well-established biomarker of disease progression [16,17].
However, the prognostic significance of these cells during suppressive ART has been less
well defined. Smurzynski et al ([1]) reported that higher pre-treatment CD8+ T-cell
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activation (% CD38/HLA-DR+) was significantly associated with a subsequent AIDS
diagnosis, although the effect was attenuated after adjustment for pre-treatment HIV RNA
and CD4 count, and the prognostic significance of these markers during early viral
suppression was not assessed. Hunt and colleagues found that higher CD8+ T-cell activation
during early ART-mediated viral suppression predicted subsequent mortality in a relatively
small Ugandan cohort (n=10 deaths, [18]), and in the larger SOCA cohort of North
Americans with a history of AIDS (n=64 deaths, [19]), but not in the smaller SCOPE cohort
with less advanced disease stage (n=27 deaths, [19]). Hence, the role of T-cell activation as
a predictor of disease progression during ART remains unclear.

Modern ART regimens are very effective at indefinitely suppressing HIV replication. Hence
the field is now focused on defining the nature of residual disease during suppressive ART.
In our current analysis, we assess the impact of CD8+ T-cell activation and CD4 count
measured one year after ART initiation on the probability of clinical events in years 2–5 of
ART, had everyone maintained ART-mediated viral suppression. Recognizing that even
with modern ART, sustained virologic suppression is not achievable for all subjects, we also
performed an “on-treatment” analysis using previously published methods [20,21]. Given
the associations between aging, inflammation and morbidity in the general population, we
also investigated the association between T-cell activation and morbidity/mortality in older
individuals.

Methods
Population

We used data from randomized treatment studies including ART-naïve patients (“parent”
studies) conducted by the AIDS Clinical Trials Group (ACTG): ACTG protocols 384
[22,23], 388 [24], A5014 [25], and A5095 [26]. We restricted the analysis to the 1036
subjects who were virologically suppressed (HIV RNA ≤200 copies/mL) at week 48 or 64
after ART initiation (“year one”), and who had data on CD8+ T-cell activation at that time.
All these patients lived in the US. Most (941, 91%) of these subjects also enrolled in the
ACTG’s long-term observational study ALLRT [27], which provides standardized long-
term follow-up after completion of parent studies. Patients were invited to enroll into the
parent studies and ALLRT by their physicians. ALLRT did not provide treatment. At the
time of analysis, all participants had potential follow-up of 5 years after ART initiation. We
excluded the 11 subjects with an event occurring within 12 weeks prior to the year-one
CD8+ T-cell activation measurement, since the level of immune activation could be affected
by the previous event.

Evaluations for these studies continued regardless of changes in or discontinuation of ART.
Subjects provided written informed consent for participation in these studies. All
participating sites received institutional review board approval for the studies.

Outcomes
AIDS-defining events were as defined by the Centers for Disease Control [28] and identified
as previously described [1]. Non-AIDS defining events were defined by the methods used in
earlier ACTG analyses [29]. The primary outcome was the occurrence of any of the
following events in years 2–5 after ART initiation: AIDS-defining event, non-accidental
death, hepatic end organ disease (including ascites, esophageal/gastric varices, hepatic
encephalopathy), cardiovascular end organ disease (including myocardial infarction, stroke,
coronary artery intervention, pulmonary embolism, thrombosis), serious renal disease
(including confirmed eGFR <60ml/min/1.73 m2 using the MDRD equation for eGFR at
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least 3 months apart), non-AIDS cancers, hip, spine or wrist fractures, diabetes mellitus, and
serious bacterial infections (including pneumonia, bacteremia, meningitis, sepsis).

Loss-to-follow-up
Loss-to-follow-up was defined as the earliest of 6 months after the last HIV RNA
measurement, or after 6 months without HIV RNA measurement.

Laboratory measurements
The percentage of CD8+ T-cells co-expressing CD38+/HLA-DR+ (CD8+ T-cell activation)
was measured on fresh blood using an ACTG consensus protocol at multiple laboratories.
HIV RNA quantification was performed using the Roche Amplicor assay v1.0 or v1.5
(Roche Diagnostic Systems, Branchburg, New Jersey, USA). CD4 cell count and HIV RNA
measurements were collected every 8 or 16 weeks.

Statistical analyses
We estimated the probability of experiencing a clinical event in years 2–5 had a subject
remained on suppressive ART, dependent on certain prognostic factors. Prognostic factors
considered were year-one CD8+ T-cell activation and square root of year-one CD4 count.
Additional covariates included in univariate models were age, sex, history of injection drug
use (IDU), randomized study, square root of pre-ART CD4 count, pre-ART log10 viral load,
year-one naïve CD4 percentage, and the occurrence of an event in year one. Multivariable
models included variables that had a p-value less than 0.10 in univariate analyses and year-
one CD8+ T-cell activation. Because of current scientific knowledge, we also fit models
with pre-ART and year-one CD4 count.

All probabilities and odds ratios (ORs) were estimated for the complete population of 1025
subjects. We censored subjects after they interrupted ART for more than 21 days and at
confirmed virologic failure, using a confirmed >200 copies/mL threshold [30]. We then
estimated the probability of events with a logistic regression model, using Inverse
Probability of Censoring Weighting (IPCW) to address informative censoring [31,32,20].
This approach estimates outcomes in the entire study population, including those
subsequently lost-to-follow-up, rather than describing a subgroup selected over time. In
practice, the unobserved outcomes of subjects who were lost-to-follow-up/off-suppressive-
ART are represented by increasing the weight given to the outcomes of “similar”
uncensored subjects.

The weights are obtained from the probability of remaining in follow-up/on suppressive
ART at a given time in terms of past observed covariate values (these covariates are the
basis for identifying “similar” subjects). We used separate logistic regression models, pooled
over the time points, for remaining in follow-up and having ART-induced viral suppression.
We divided the data into 28-day periods, with covariates measured at the end of each period
[33], carrying values forward until the covariate was measured again.

The variables included in the pooled logistic models for both types of censoring, lost-to-
follow-up and off-suppressive-ART, were covariates thought to be predictive of both
censoring and clinical events [32]. Based on prior findings [20,34], we included age, sex,
history of IDU, pre-ART log10 viral load, year-one CD8+ T-cell activation, square root of
CD4 count (time-dependent), viral load ≤50 (time-dependent), period and period squared,
and study stage. Study stage was a categorical variable indicating within-parent-study, end-
of-parent-study, or within-ALLRT. If significant, we also included age squared. Confidence
intervals were obtained by bootstrap [31], using Efron’s percentile method [35].
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In sensitivity analyses, we performed stepwise model selection, starting with the above
covariates and also including white race, parent study, and square root of baseline CD4
count, and forcing year-one CD8+ T-cell activation and period in the model. We also
investigated sensitivity of our results to excluding subjects with events within 12 weeks
before year one: excluding subjects with events within 6 months, and not excluding subjects.
Results (not shown) changed minimally. SAS 9.1.3 (SAS Institute Inc., Cary, North
Carolina, USA) was used for all analyses.

Results
A total of 1025 subjects were included in our analyses (see Table 1). Among all 1025
subjects, 114 had an event in years 2–5. For the hypothetical scenario had everyone
remained on suppressive ART, 379 subjects maintained ART-mediated viral suppression (no
confirmed HIV-RNA >200 copies/mL) through year five or until they had a clinical event
(uncensored). The 646 censored subjects either stopped drugs (n=216, 33%), had confirmed
virologic failure (n=178, 28%), or were off follow-up or did not have viral load
measurements for 6 months (n=252, 39%). In subjects censored because of confirmed
virologic failure, median time between year-one measurement and confirmed virologic
failure was 9 months.

For the multivariable IPCW censoring models, no IDU and a higher current CD4 count were
associated with a higher probability of remaining in follow-up for subjects maintaining
persistent virus control. The effect of age in this model was nonlinear. Younger age, history
of IDU, higher year-one CD8+ T-cell activation, higher current CD4 count, and current HIV
RNA above 50 copies/mL were significantly associated with a higher probability of the
combined censoring endpoint of virologic failure and ART discontinuation.

Ninety-four of the 379 uncensored subjects had at least one event. Of the first events, 12
were AIDS-defining and 82 non-AIDS-defining. In subjects who were virologically
suppressed and had CD8+ T-cell activation data at year one, the overall estimated
probability of clinical events in years 2–5 was 13% (95%-CI 10%–15%), had these subjects
maintained ART-mediated viral suppression. The risk per year decreased slightly over years
2–5.

Year-one CD8+ T-cell activation was a significant predictor of the probability of an event in
years 2–5, with an OR of 1.22 for each 10% higher activated CD8+ T cells (p=0.02, Table
2), had everyone remained on ART and suppressed. This relationship was also seen after
adjustment for pre-ART and year-one CD4 counts. However, adjusting for age attenuated
the OR of CD8+ T-cell activation to 1.11 (95%-CI 0.94–1.32). Age was a significant
predictor of clinical events in all 3 models that included age; in multivariable model C
(Table 2), the OR of a clinical event was 2.13 (95%-CI 1.62–2.87, p<0.0001) for each 10-
year older age. Neither year-one CD8+ T-cell activation nor year-one CD4 count was
significant in the multivariable model that included age. Age positively correlated with year-
one CD8+ T-cell activation (p <0.0001), but with a proportion of explained variation of only
0.03. Table 3 summarizes the dependence of clinical events on year-one CD8+ T-cell
activation and age.

Inferences were unchanged in the on-treatment analysis, which included follow-up while
subjects exhibited virologic failure despite continuing ART (Table 4).

In an exploratory analysis of the effect of the absolute number of activated CD8+ T-cells on
the probability of clinical events, for every 100 cells/mm3 higher activated CD8+ T-cells,
the OR was 1.16 (95%-CI 1.04–1.31, p=0.01). When adjusted for age, the OR was
attenuated to 1.13 (95%-CI 0.97–1.23, p=0.096).
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Impact of CD8+ T-cell activation in subjects age ≥50 years
In an exploratory analysis we also investigated the effect of CD8+ T-cell activation in the
108 subjects age ≥50 years (median age 55, Inter-Quartile-Range (52–59)). We chose the
cut-off of 50 as this has been commonly used to define “older” in other HIV cohorts. Of 56
uncensored subjects, 27 had an event. The overall probability of events in subjects ≥ 50
years in years 2–5 had everyone remained on suppressive ART was 37% (95%-CI 24–48%).
In subjects ≥50 years, the OR of a clinical event was 1.42 (95%-CI 1.07–2.47, p=0.015) for
each 10% higher CD8+ T-cell activation (Table 5). This relationship remained significant
when adjusted for age: OR 1.43 (95%-CI 1.06–2.64, p=0.018). While the relationship
between CD8+ T-cell activation and clinical events appeared to be stronger in the subgroup
of subjects age ≥50 years, we did not find significant evidence of interaction by age (p=0.45,
for age continuous).

Impact of CD8+ T-cell activation on non-AIDS-defining events and death
We next evaluated the risk of non-AIDS-defining events and death, had everyone remained
on suppressive ART. For this analysis, of 374 uncensored subjects, 85 had a non-AIDS-
defining event or died. Year-one CD8+ T-cell activation significantly predicted subsequent
non-AIDS-defining events or death: OR 1.25 (95%-CI 1.06–1.47, p=0.009). Adjustment for
age attenuated the OR to 1.14 (95%-CI 0.96–1.35). In the model including year-one CD8+ T
cell-activation, year-one square root of CD4 count, and age, the OR for each 10% higher
CD8+T-cell activation was 1.18 (95%-CI 0.98–1.41, p=0.08), for each 10 years older was
2.25 (95%-CI 1.69–3.11, p<0.0001), and for each 3 units higher square root CD4 count was
1.13 (95%-CI 0.96–1.32, p=0.14). When including the pre-ART instead of year-one CD4
count, results changed minimally.

Discussion
Even had all individuals maintained optimal virologic response to therapy, an excess risk of
non-AIDS morbidity exists in subjects who were virologically suppressed after one year of
ART. In addition to low-level HIV replication, this excess risk may be due to multiple non-
virologic factors, including traditional risk factors (e.g., substance use), ART toxicity and
persistent immune dysfunction/inflammation. Serious non-AIDS-defining events cause
much more of this disease burden than AIDS-defining events.

Given the prognostic utility of CD8+ T-cell activation in untreated HIV disease, we
analyzed the role of CD8+ T-cell activation in a well-characterized cohort of long-term
treated adults enrolled in a clinical trials network. We used IPCW to estimate the risk of
disease progression had no one in the cohort experienced confirmed virologic failure or
treatment interruptions longer than 21 days, as the vast majority of subjects in modern clinic
cohorts appear to now routinely achieve this outcome and this is the group for which
immune-based interventions are likely to be used [36].

We found that the frequency of cells expressing CD38 and HLA-DR on CD8+ T-cells
(which have long been considered “activated”) measured at year-one of ART-mediated viral
suppression predicted an increased risk of subsequent AIDS and non-AIDS events in years
2–5, had everyone remained on suppressive ART. Adjustment for age attenuated the
prognostic effect of CD8+ T-cell activation.

These results reach a somewhat different conclusion than the Ugandan study [18] and the
SOCA cohort [19]. However, the Ugandan study had many fewer events, and the SOCA
cohort had uniformly low pre-ART CD4 counts.
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We found a statistically significant association between age and CD8+ T-cell activation in
this cohort, which is generally consistent with findings that many markers of inflammation
correlate with age in the general population, as well as in HIV-infected individuals
suppressed on ART [37,3]. However, the proportion of variation explained by age was only
0.03.

Most studies finding a link between inflammation and disease progression in the general
population focused either on the very old [38,39], or on individuals who were at high risk
for developing complications (e.g., adults who had acute coronary syndrome [40]). Because
it has been used in other HIV cohorts, we defined “older” in this cohort as anyone age ≥50
years. In this group of individuals who had excess co-morbid conditions and a much higher
risk for disease progression, we found a significant effect of CD8+ T-cell activation that
remained unchanged even after adjusting for age. While we did not detect statistically
significant interaction by age, this subset analysis is consistent with the hypothesis that
immune activation is a more important driver of disease risk in older subjects. Based on the
geriatrics literature, one might expect inflammation to be more important in the elderly. This
may simply be a power issue (older subjects experience more events), but it is also possible
that inflammation and immune activation is a more important mediator of disease risk in this
population and interventions might be best targeted in this group [29,40]. Many
inflammatory markers—including CRP, IL-6 and TNF-α—increase with age [41]. This
increase is present even in healthy, older individuals and does not appear to be driven by
increased frequency of acute infections. Although it remains unknown if the increased
inflammatory burden in the elderly is a cause or consequence of other co-morbid conditions,
the consistent observation that inflammation predicts multiple age-associated diseases such
as coronary artery disease, cancer, sarcopenia (loss of muscle mass and poor muscle
function, typical of older age), frailty and osteoporosis, suggests that chronic inflammation
is integral to the aging process, and that the prognostic significance of inflammatory
biomarkers might be more apparent in older individuals.

It is also important to note that even in the subset of older subjects, where CD8+ T-cell
activation appeared to independently predict morbidity and mortality, the association was
relatively modest. Much stronger associations have been observed between markers of
inflammation (i.e., IL-6, hsCRP, fibrinogen), monocyte activation (sCD14), and coagulation
(D-dimer) and clinical events during treated HIV infection [4–9]. CD8+ T-cell activation
may reflect an aspect of pathogenesis that is less closely related to the proximal
immunologic events mediating the risk of disease in treated HIV infection than markers of
inflammation, monocyte activation, and coagulation. However, more research is needed to
better understand the biological mechanisms contributing to CD8+ T-cell activation in well-
suppressed individuals on ART, and the connections to cytokines such as IL-6. This may
have important implications for identifying targets for novel interventions.

The pre-therapy and on-therapy CD4+ T-cell count has been a consistent predictor of
disease progression in many other cohorts. We were surprised to find in our analysis that
neither pre-ART CD4 count nor year-one CD4 count were significantly associated with
clinical events. This may be related to the fact that most (87%) of the first events after year
one were non-AIDS-defining. In addition to renal events, only a small number of non-AIDS
defining cancers have been shown to have a relationship with CD4 count. Predicting events
after the first year of ART also largely excludes clinical events that may have been related to
immune reconstitution inflammatory syndromes (IRIS), which are typically associated with
lower pre-ART CD4 counts. Also, the limited effect of a higher CD4 count may be due to
our focus on the scenario had everyone remained on (suppressive) ART. For example, [42]
did not restrict to HIV RNA suppression, and so the low time-updated CD4 counts in their
analysis that were associated with the risk of non-AIDS cancers may have been confounded
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with lack of viral suppression. These issues may also play a role in attenuating the predictive
value of CD8+ T-cell activation.

A strength of this study is the prospective cohort design, allowing both unadjusted and
adjusted analyses. Another strength is the standardized data collection of all the necessary
variables. In addition, our analyses have used IPCW to deal with possibly informative
censoring, especially important when censoring subjects when they go off (suppressive)
ART.

Given our sample size, we could not rule out an age-adjusted OR as high as 1.32 among all
subjects. In addition, we have inadequate statistical power to look at the effect of CD8+ T-
cell activation on events of a specific type. Another limitation is the fact that T-cell
activation was measured in different labs in our study (i.e., measurement error), although an
ACTG consensus protocol was used by all labs. Due to the number of laboratories, we did
not have sufficient power to further investigate this. In addition, there may have been
residual measured or unmeasured confounding which we have not corrected for by IPCW.

To summarize, CD8+ T-cell activation is prognostic for clinical events during effective
ART, but this association is largely confounded by age, and is smaller in magnitude than
those recently reported for markers of innate immune activation, inflammation, and
coagulation. Older HIV-infected individuals are at significantly higher risk of clinical events
than younger subjects. The significant and independent association between CD8+T-cell
activation and clinical events in subjects age ≥ 50 years suggests that HIV-associated
immune activation may be a more important driver of disease in this population, although
this hypothesis needs to be confirmed in future studies. Another reasonable explanation is
that excess morbidity in older individuals may be causing inflammation even before the
clinical event is diagnosed, and that our ability to detect this association is greater in more-
affected older adults. However, the latter seems less likely since CD8+ T-cell activation at
year 1 had similar prognostic capacity for events occurring after year 2 (see footnotes Tables
2 and 5). The fact that CD8+ T-cell activation appears to be less predictive of clinical events
than previously reported inflammatory markers may suggest that interventions specifically
targeting innate immune activation and its determinants may hold more promise than
interventions specifically designed to decrease CD8+ T-cell activation during treated HIV
infection.

Acknowledgments
This work was sponsored by NIH AI-38855, AI-68634 (SDAC/DMC), AI-38858, AI-68636 (ACTG). JL was
supported by NIH (AI-68634, R01AI100762), PH was supported by NIH (R21 AI087035, R56AI100765), AC was
supported by NIH (AI069434), CB was supported by NIH (NIAID AI069432), MW was supported by NIH (5U01
A1069426), SD was supported by NIH (K24 AI069994), RB was supported by NIH (AI-38855, AI-68634).

We are indebted to the subjects who volunteered for ACTG 384, ACTG 388, ACTG A5014, ACTG A5095, and
subsequently to ALLRT, the ACTG sites, and the ACTG 384, ACTG 388, ACTG A5014, ACTG A5095, and
ALLRT study teams. We would like to thank Doug Kitch, Evelyn Zheng, and Kunling Wu for database and
analytic support.

References
1. Smurzynski M, Wu K, Benson CA, Bosch RJ, Collier AC, Koletar SL. Relationship between CD4+

T-cell counts/HIV-1 RNA plasma viral load and AIDS-defining events among persons followed in
the ACTG Longitudinal Linked Randomized Trials Study. J Acquir Immune Defic Syndr. 2010;
55:117–127. [PubMed: 20622677]

LOK et al. Page 8

AIDS. Author manuscript; available in PMC 2014 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2. Baker JV, Pench G, Rapkin J, Abrams DI, Silverberg MJ, McArthur RD, et al. CD4+ count and risk
of non-AIDS diseases following initial treatment for HIV infection. AIDS. 2008; 22:841–848.
[PubMed: 18427202]

3. Deeks SG. HIV Infection, Inflammation, Immunosenescence, and Aging. Annu Rev Med. 2011;
62:141–55. [PubMed: 21090961]

4. Kuller LH, Tracy R, Belloso W, De Wit S, Drummond F, Lane HC, et al. Inflammatory and
coagulation biomarkers and mortality in patients with HIV infection. PLoS Medicine. 2008; 5(10):
1496–1508.

5. Sandler NG. Plasma Levels of Soluble CD14 Independently Predict Mortality in HIV Infection. J
Infect Dis. 2011; 203(6):780–790. [PubMed: 21252259]

6. Tien PC, Choi AI, Zolopa AR, Benson C, Tracy R, Scherzer R, et al. Inflammation and Mortality in
HIV-Infected Adults: Analysis of the FRAM Study Cohort. J Acquir Immune Defic Syndr. 2010;
55:316–322. [PubMed: 20581689]

7. Achhra AC, Amin J, Sabin C, Chu H, Dunn D, Kuller LH, et al. INSIGHT ESPRIT and SMART
study groups. Reclassification of risk of death with the knowledge of D-dimer in a cohort of treated
HIV-infected individuals. AIDS. 2012; 26(13):1707–17. [PubMed: 22614887]

8. Justice AC, Freiberg MS, Tracy R, Kuller L, Tate JP, Goetz MB, et al. Does an Index Composed of
Clinical Data Reflect Effects of Inflammation, Coagulation, and Monocyte Activation on Mortality
Among Those Aging With HIV? Clin Infect Dis. 2012; 54(7):984–994. [PubMed: 22337823]

9. Boulware DR. Higher levels of CRP, D-dimer, IL-6, and hyaluronic acid before initiation of
antiretroviral therapy (ART) are associated with increased risk of AIDS or death. J Infect Dis. 2011;
203(11):1637–46. [PubMed: 21592994]

10. Hunt PW, Martin JN, Sinclair E, Epling L, Teague J, Jacobson MA, et al. Valganciclovir Reduces
T Cell Activation in HIV-infected Individuals With Incomplete CD4+ T Cell Recovery on
Antiretroviral Therapy. J Infect Dis. 2011; 203:1474–1483. [PubMed: 21502083]

11. Hatano H, Hayes TL, Dahl V, Sinclair E, Lee TH, Hoh R, et al. A Randomized, Controlled Trial of
Raltegravir Intensification in Antiretroviral-treated, HIV-infected Patients with a Suboptimal
CD4+ T Cell Response. J Infect Dis. 2011; 203(7):960–968. [PubMed: 21402547]

12. Ganesan A, Crum-Cianflone N, Higgins J, Qin J, Rehm C, Metcalf J, et al. High Dose Atorvastatin
Decreases Cellular Markers of Immune Activation without Affecting HIV-1 RNA Levels: Results
of a Double-Blind Randomized Placebo Controlled Clinical Trial. J Infect Dis. 2011; 203:756–
764. [PubMed: 21325137]

13. Rickabaugh TM, Kilpatrick RD, Hultin LE, Hultin PM, Hausner MA, Sugar Ca, et al. The dual
impact of HIV-1 infection and aging on naive CD4+ T-cells: additive and distinct patterns of
impairment. PLoS One. 2011; 6(1):e16459. [PubMed: 21298072]

14. Hunt PW, Martin JN, Sinclair E, Bredt B, Hagos E, Lampiris H, et al. T cell activation is
associated with lower CD4+ T cell gains in Human Immunodeficiency Virus-infected patients
with sustained viral suppression during antiretroviral therapy. J Infect Dis. 2003; 187:1534–43.
[PubMed: 12721933]

15. Robbins GK, Spritzler JG, Chan ES, Asmuth DM, Rajesh TG, Rodriguez BA, et al. Incomplete
reconstitution of T cell subsets on combination antiretroviral therapy in the AIDS Clinical Trials
Group protocol 384. Clin Infect Dis. 2009; 48:350–361. [PubMed: 19123865]

16. Liu Z, Cumberland WG, Hultin LE, Prince HE, Detels R, Giorgi JV. Elevated CD38 Antigen
Expression on CD8+ T Cells Is a Stronger Marker for the Risk of Chronic HIV Disease
Progression to AIDS and Death in the Multicenter AIDS Cohort Study Than CD4+ Cell Count,
Soluble Immune Activation Markers, or Combinations of HLA-DR and CD38 Expression. J
Acquir Immune Defic Syndr. 1997; 16(2):83–92.

17. Giorgi JV, Hultin LE, McKeating JA, Johnson TD, Owens B, Jacobson LP, et al. Shorter survival
in advanced human immunodeficiency virus type 1 infection is more closely associated with T
lymphocyte activation than with plasma virus burden or virus chemokine coreceptor usage. J
Infect Dis. 1999; 179(4):859–870. [PubMed: 10068581]

18. Hunt PW, Cao HL, Muzoora C, Sswanyana I, Bennett J, Emenyonu N, et al. Impact of CD8R T-
cell activation on CD4R T-cell recovery and mortality in HIV-infected Ugandans initiating
antiretroviral therapy. AIDS. 2011; 25:2123–2131. [PubMed: 21881481]

LOK et al. Page 9

AIDS. Author manuscript; available in PMC 2014 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Hunt, P.; Rodriguez, B.; Shive, C.; Clagett, B.; Funderburg, N.; Van Natta, M., et al. Gut Epithelial
Barrier Dysfunction, Inflammation, and Coagulation Predict Higher Mortality during Treated HIV/
AIDS. Presented at: 19th Conference on Retroviruses and Opportunistic Infections; 2012; Seattle.

20. Lok JJ, Bosch RJ, Benson CA, Collier AC, Robbins GK, Shafer RW, et al. Long-term increase in
CD4+ T-cell counts during combination antiretroviral therapy for HIV-1 infection. AIDS. 2010;
24(12):1867–1876. [PubMed: 20467286]

21. Robins JM, Finkelstein D. Correcting for non-compliance and dependent censoring in an AIDS
clinical trial with inverse probability of censoring weighted (IPCW) log-rank tests. Biometrics.
2000; 56(3):779–788. [PubMed: 10985216]

22. Robbins GK, De Gruttola V, Shafer RW, Smeaton LM, Snyder SW, Pettinelli C, et al. Comparison
of sequential three-drug regimens as initial therapy for HIV-1 infection. N Engl J Med. 2003;
349:2293–2303. [PubMed: 14668455]

23. Shafer RW, Smeaton LM, Robbins GK, De Gruttola V, Snyder SW, D’Aquila RT, et al.
Comparison of four-drug regimens and pairs of sequential three-drug regimens as initial therapy
for HIV-1 infection. N Engl J Med. 2003; 349:2304–2315. [PubMed: 14668456]

24. Fischl MA, Ribaudo HJ, Collier AC, Erice A, Giuliano M, Dehlinger M, et al. A Randomized Trial
of 2 Different 4-Drug Antiretroviral Regimens versus a 3-Drug Regimen, in Advanced Human
Immunodeficiency Virus Disease. J Infect Dis. 2003; 188(5):625–634. [PubMed: 12934177]

25. Landay AL, Spitzler J, Kessler H, Mildvan D, Pu M, Fox L, et al. Immune reconstitution is
comparable in antiretroviral-naïve subjects after 1 year of successful therapy with a nucleoside
reverse-transcriptase inhibitor- or protease-inhibitor-containing antiretroviral regimen. J Infect Dis.
2003; 188(10):1444–1454. [PubMed: 14624369]

26. Gulick RM, Ribaudo HJ, Shikuma CM, Lustgarten S, Squires KE, Meyer WA 3rd, et al. Triple-
nucleoside regimens versus efavirenz-containing regimens for the initial treatment of HIV-1
infection. N Engl J Med. 2004; 350(18):1850–61. [PubMed: 15115831]

27. Smurzynski M, Collier AC, Koletar SL, Bosch RJ, Wu K, Bastow B, et al. AIDS clinical trials
group longitudinal linked randomized trials (ALLRT): rationale, design, and baseline
characteristics. HIV Clin Trials. 2008; 9:269–282. [PubMed: 18753121]

28. Centers for Disease Control. 1993 Revised classification system for HIV infection and expanded
surveillance case definition for AIDS among adolescents and Adults. MMWR. 1992; 41(RR-17):
1–19.

29. Overton, E.; Kitch, D.; Tebas, P.; Hunt, P.; Ribaudo, H.; Smurzynski, M., et al. Effect of Statin
Therapy on Reducing the Risk of Serious Non-AIDS-Defining Events and Non-Accidental Death:
ACTG ALLRT Cohort. Presented at:19th Conference on Retroviruses and Opportunistic
Infections; 2012; Seattle.

30. DHHS. Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents.
Department of Health and Human Services; 2012. Panel on Antiretroviral Guidelines for Adults
and Adolescents; p. C6Available at http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/
adultandadolescentgl.pdf [Accessed [11/05/2012]]

31. Robins JM, Rotnitzky A, Zhao LP. Analysis of semiparametric regression models for repeated
outcomes in the presence of missing data. J Am Stat Assoc. 1995; 90:106–21.

32. Cole RC, Hernan MA. Constructing inverse probability weights for marginal structural models.
Am J Epidemiol. 2008; 186:656–664. [PubMed: 18682488]

33. Lok JJ, Hunt PW, Collier AC, Benson CA, Witt MD, Luque AE, et al. Inverse Probability of
Censoring Weighting for time-to-event outcomes with application to the risk of events under
suppressive ART in HIV positive patients. Technical report. 2012 available on request to
jlok@hsph.harvard.edu.

34. Krishnan S, Wu K, Smurzynski M, Bosch RJ, Benson CA, Collier AC, et al. Incidence Rate of and
Factors Associated with Loss to Follow-up in a Longitudinal Cohort of Antiretroviral-Treated
HIV-Infected Persons: An AIDS Clinical Trials Group (ACTG) Longitudinal Linked Randomized
Trials (ALLRT) Analysis. HIV Clin Trials. 2010; 12(4):190–200. [PubMed: 22044855]

35. Van der Vaart, AW. Asymptotic statistics. Cambridge: Cambridge University Press; 1998.
Cambridge series in statistical and probabilistic mathematics

LOK et al. Page 10

AIDS. Author manuscript; available in PMC 2014 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
http://www.aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf


36. Plaeger S, Collins BS, Musib R, Deeks SG, Read S, Embry. Immune Activation in the
Pathogenesis of Treated Chronic HIV Disease: A Workshop Summary. AIDS Res Hum
Retroviruses. 2012; 28(5):469–477. [PubMed: 21854232]

37. Zheng, LB.; Taiwo, B.; Gandhi, R.; Hunt, P.; Bosch, R. Factors associated with CD8+ T cell
activation in HIV-1-infected participants who have been on antiretroviral therapy for ≥ 96 weeks
in ACTG studies. Presented at: 19th International AIDS Conference; 2012; Washington DC.

38. De Martinis M, Franceschi C, Monti D, Ginaldi L. Inflamm-ageing and lifelong antigenic load as
major determinants of ageing rate and longevity. FEBS Lett. 2005; 579:2035–2039. [PubMed:
15811314]

39. Singh T, Newman AB. Inflammatory markers in population studies of aging. Ageing Res Rev.
2011; 10(3):319–29. [PubMed: 21145432]

40. Armstrong EJ, Morrow DA, Sabatine MS. Inflammatory biomarkers in acute coronary syndromes:
part I: introduction and cytokines. Circulation. 2006; 14:113(6):e72–5. [PubMed: 16476853]

41. Marques-Vidal P, Bochud M, Bastardot F, Lüscher T, Ferrero F, Gaspoz J, et al. Levels and
Determinants of Inflammatory Biomarkers in a Swiss Population-Based Sample (CoLaus Study).
PLoS ONE. 2011; 6(6):e21002. [PubMed: 21695270]

42. Krishnan S, Schouten JT, Jacobson DL, Benson CA, Collier AC, Koletar SL, et al. Incidence of
non-AIDS defining cancer (NADC) in anti-retroviral treatment (ART) naïve subjects after ART
initiation: an ALLRT (ACTG Longitudinal Linked Randomized Trials) analysis. Oncology. 2011;
80:42–49. [PubMed: 21606663]

LOK et al. Page 11

AIDS. Author manuscript; available in PMC 2014 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

LOK et al. Page 12

Ta
bl

e 
1

Su
bj

ec
t c

ha
ra

ct
er

is
tic

s 
ac

co
rd

in
g 

to
 y

ea
r-

on
e 

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

pe
rc

en
ta

ge
1

C
ov

ar
ia

te
A

ll 
su

bj
ec

ts
C

D
8+

 T
-c

el
l a

ct
iv

at
io

n 
pe

rc
en

ta
ge

 a
t 

ye
ar

 1
 ≤

 2
4%

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

pe
rc

en
ta

ge
 a

t 
ye

ar
 1

 >
 2

4%

N
10

25
51

9 
(5

1%
)

50
6 

(4
9%

)

A
ge

 y
ea

r 
1

M
ed

ia
n 

(Q
1–

Q
3)

38
 (

32
–4

4)
37

 (
31

–4
3)

39
 (

33
–4

5)

A
ge

 y
ea

r 
1 

at
 le

as
t 5

0
10

8 
(1

1%
)

34
 (

7%
)

74
 (

15
%

)

Se
x

M
al

e
82

%
82

%
83

%

H
is

to
ry

 o
f 

in
je

ct
io

n 
dr

ug
 u

se
Y

es
9%

10
%

8%

R
ac

e/
et

hn
ic

ity
W

hi
te

B
la

ck
H

is
pa

ni
c/

O
th

er

47
%

31
%

22
%

50
%

35
%

15
%

44
%

26
%

30
%

R
an

do
m

iz
ed

 s
tu

dy
A

C
T

G
 3

84
A

C
T

G
 3

88
A

C
T

G
 A

50
14

A
C

T
G

 A
50

95

54
%

1% 4% 41
%

62
%

1% 4% 34
%

45
%

1% 5% 49
%

Pr
e-

A
R

T
 lo

g 1
0 

H
IV

 R
N

A
 (

lo
g 1

0 
co

pi
es

/m
L

)
M

ed
ia

n 
(Q

1–
Q

3)
4.

83
 (

4.
34

–5
.4

3)
4.

80
 (

4.
27

–5
.3

6)
4.

91
 (

4.
43

–5
.5

0)

H
IV

 R
N

A
 y

ea
r 

1 
(c

op
ie

s/
m

L
)

≤5
0

50
–2

00
89

%
11

%
91

%
9%

87
%

13
%

Pr
e-

A
R

T
2  

C
D

4 
co

un
t (

ce
lls

/m
m

3 )
M

ed
ia

n 
(Q

1–
Q

3)
25

5 
(9

4–
40

0)
30

2 
(1

39
–4

46
)

19
8 

(6
7–

34
7)

C
D

4 
co

un
t y

ea
r 

1 
(c

el
ls

/m
m

3 )
M

ed
ia

n 
(Q

1–
Q

3)
43

1 
(2

75
–6

31
)

49
1(

31
9–

69
0)

36
5 

(2
44

–5
59

)

N
aï

ve
 C

D
4 

pe
rc

en
ta

ge
 y

ea
r 

13
M

ed
ia

n 
(Q

1–
Q

3)
37

 (
24

–4
9)

41
 (

28
–5

2)
34

 (
22

–4
5)

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

ye
ar

 1
 (

ce
lls

/m
m

3 )
M

ed
ia

n 
(Q

1–
Q

3)
17

5 
(1

01
–2

98
)

11
1 

(6
9–

16
1)

28
1 

(1
96

–4
04

)

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

pe
rc

en
ta

ge
 y

ea
r 

1
M

ed
ia

n 
(Q

1–
Q

3)
24

 (
16

–3
5)

16
 (

11
–2

0)
35

 (
29

–4
3)

1 C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

w
as

 d
iv

id
ed

 a
t t

he
 m

ed
ia

n,
 a

s 
pe

rc
en

ta
ge

 ≤
24

 v
er

su
s 

>
 2

4.

2 A
R

T
 r

ef
er

s 
to

 a
nt

ir
et

ro
vi

ra
l t

he
ra

py
.

3 %
C

D
4+

 T
-c

el
ls

 c
o-

ex
pr

es
si

ng
 C

D
45

R
A

 a
nd

 C
D

62
L

.

AIDS. Author manuscript; available in PMC 2014 August 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

LOK et al. Page 13

Ta
bl

e 
2

E
st

im
at

ed
 O

dd
s 

R
at

io
s 

(O
R

s)
, 9

5%
-C

I,
 a

nd
 p

-v
al

ue
 f

or
 p

ro
ba

bi
lit

y 
of

 e
ve

nt
s1  

in
 y

ea
rs

 2
–5

 a
ft

er
 in

iti
at

io
n 

of
 a

nt
ir

et
ro

vi
ra

l t
re

at
m

en
t (

A
R

T
),

 h
ad

 e
ve

ry
on

e
co

nt
in

ue
d 

to
 h

av
e 

vi
ra

l s
up

pr
es

si
on

 o
n 

A
R

T

U
ni

va
ri

at
e 

O
R

A
dj

us
te

d 
O

R
 f

or
 C

D
8+

T
-c

el
l a

ct
iv

at
io

n 
ye

ar
 1

(p
er

 1
0 

un
it

s
(%

)h
ig

he
r)

6

M
ul

ti
va

ri
ab

le
 m

od
el

 A
M

ul
ti

va
ri

ab
le

 m
od

el
 B

M
ul

ti
va

ri
ab

le
 m

od
el

 C

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

ye
ar

 1
 (

pe
r 

10
 u

ni
ts

(%
) 

hi
gh

er
)2

1.
22

 (
1.

04
,1

.4
4)

 (
p=

0.
02

)
--

1.
09

 (
0.

91
,1

.3
1)

 (
p=

0.
34

)
1.

14
 (

0.
96

.1
.3

6)
 (

p=
0.

15
)

1.
14

 (
0.

95
,1

.3
6)

 (
p=

0.
15

)

A
ge

 (
pe

r 
10

 y
ea

rs
 o

ld
er

)
2.

17
 (

1.
65

,2
.9

2)
 (

p<
0.

00
01

)
1.

11
 (

0.
94

,1
.3

2)
2.

04
 (

1.
53

,2
.8

0)
 (

p<
0.

00
01

)
2.

10
 (

1.
59

,2
.8

5)
 (

p<
0.

00
01

)
2.

13
 (

1.
62

,2
.8

7)
 (

p<
0.

00
01

)

C
D

4 
sq

rt
3  

ye
ar

 1
 (

pe
r 

3 
un

its
 h

ig
he

r)
4

1.
03

 (
0.

90
,1

.1
8)

 (
p=

0.
68

)
1.

25
 (

1.
05

,1
.4

9)
--

--
1.

09
 (

0.
94

,1
.2

7)
 (

p=
0.

24
)

Pr
e-

A
R

T
 C

D
4 

sq
rt

3  
(p

er
 3

 u
ni

ts
 h

ig
he

r)
4

1.
06

 (
0.

95
,1

.1
8)

 (
p=

0.
31

)
1.

26
 (

1.
06

,1
.4

9)
--

1.
09

 (
0.

97
,1

.2
2)

 (
p=

0.
15

)
--

Se
x 

(f
em

al
e,

 r
ef

 m
al

e)
1.

04
 (

0.
54

,1
.7

9)
 (

p=
0.

92
)

--
--

--
--

In
je

ct
io

n 
dr

ug
 u

se
 (

ev
er

, r
ef

 n
ev

er
)

1.
78

 (
0.

65
,3

.9
5)

 (
p=

0.
25

)
1.

24
 (

1.
06

,1
.4

8)
--

--
--

A
C

T
G

 r
an

do
m

iz
ed

 s
tu

dy
 3

84
/3

88
, r

ef
A

50
14

/A
50

95
0.

67
 (

0.
40

,1
.0

9)
 (

p=
0.

10
)

1.
20

 (
1.

03
,1

.4
1)

--
--

--

Pr
e-

A
R

T
 lo

g 1
0 

R
N

A
 (

lo
g 1

0 
co

pi
es

/m
L

, p
er

un
it 

hi
gh

er
)

0.
97

 (
0.

74
,1

.2
6)

 (
p=

0.
81

)
--

--
--

--

N
aï

ve
 C

D
4 

pe
rc

en
ta

ge
 y

ea
r 

1 
(p

er
 1

0 
un

its
(%

) 
hi

gh
er

)5
0.

81
 (

0.
68

,0
.9

5)
 (

p=
0.

01
)

1.
15

 (
0.

96
–1

.3
7)

0.
95

 (
0.

78
–1

.1
4)

 (
p=

0.
54

)
--

--

E
ve

nt
 in

 y
ea

r 
1 

(y
es

, r
ef

 n
o)

0.
54

 (
0.

00
–1

.6
3)

 (
p=

0.
30

)
--

--
--

--

1 A
 to

ta
l o

f 
94

 u
nc

en
so

re
d 

su
bj

ec
ts

 h
ad

 e
ve

nt
s:

12
 A

ID
S-

de
fi

ni
ng

 e
ve

nt
s,

 a
nd

 8
2 

no
n-

A
ID

S-
de

fi
ni

ng
 e

ve
nt

s.
 N

on
-A

ID
S-

de
fi

ni
ng

 e
ve

nt
s:

 3
3 

di
ab

et
es

 m
el

lit
us

, 1
5 

se
ri

ou
s 

ba
ct

er
ia

l i
nf

ec
tio

ns
, 1

1 
no

n-
A

ID
S

ca
nc

er
s,

 9
 c

ar
di

ov
as

cu
la

r 
en

d 
or

ga
n 

di
se

as
e,

 5
 n

on
-a

cc
id

en
ta

l d
ea

th
s,

 5
 th

ro
m

bo
si

s/
em

bo
lis

m
, 3

 s
er

io
us

 r
en

al
 d

is
ea

se
, 1

 h
ep

at
ic

 e
nd

 o
rg

an
 d

is
ea

se
.

2 Se
ns

iti
vi

ty
 a

na
ly

si
s:

 f
or

 th
e 

pr
ob

ab
ili

ty
 o

f 
an

 e
ve

nt
 in

 y
ea

rs
 3

–5
, g

iv
en

 n
o 

ev
en

t i
n 

ye
ar

 2
: u

ni
va

ri
at

e 
O

R
 1

.2
7 

(1
.0

5–
1.

55
) 

(p
=

0.
02

).

3 Sq
rt

 r
ef

er
s 

to
 s

qu
ar

e 
ro

ot
. R

ea
so

n 
fo

r 
sq

rt
: t

he
 d

if
fe

re
nc

e 
be

tw
ee

n 
C

D
4=

50
 a

nd
 C

D
4=

10
0 

is
 m

uc
h 

m
or

e 
in

fo
rm

at
iv

e 
th

an
 th

e 
di

ff
er

en
ce

 b
et

w
ee

n 
C

D
4=

60
0 

an
d 

C
D

4=
65

0.
 T

ak
in

g 
a 

sq
ua

re
 r

oo
t a

cc
ou

nt
s 

fo
r

th
at

.

4 Fo
r 

ex
am

pl
e,

 a
 C

D
4 

co
un

t o
f 

10
0 

ve
rs

us
 4

9,
 2

94
 v

er
su

s 
20

0,
 o

r 
64

3 
ve

rs
us

 5
00

 c
el

ls
/m

m
3 .

5 T
he

 O
R

 f
or

 n
aï

ve
 C

D
4 

pe
rc

en
ta

ge
 (

%
C

D
4+

 T
-c

el
ls

 c
o-

ex
pr

es
si

ng
 C

D
45

R
A

 a
nd

 C
D

62
L

) 
at

 y
ea

r 
on

e 
w

as
 a

ls
o 

at
te

nu
at

ed
 b

y 
ag

e:
 a

ge
-a

dj
us

te
d 

O
R

=
0.

92
 (

0.
78

–1
.1

0)
, p

=
0.

36
.

6 T
he

se
 a

re
 O

R
s 

fo
r 

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

ad
ju

st
ed

 f
or

 e
ac

h 
co

va
ri

at
e;

 f
or

 e
xa

m
pl

e,
 th

e 
O

R
 f

or
 C

D
8+

 T
-c

el
l a

ct
iv

at
io

n 
ad

ju
st

ed
 f

or
 a

ge
 is

 1
.1

1 
(0

.9
4,

 1
.3

2)
.

AIDS. Author manuscript; available in PMC 2014 August 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

LOK et al. Page 14

Ta
bl

e 
3

E
st

im
at

ed
 p

ro
ba

bi
lit

ie
s 

of
 a

n 
ev

en
t i

n 
ye

ar
s 

2–
5 

ha
d 

ev
er

yo
ne

 r
em

ai
ne

d 
on

 a
nt

ir
et

ro
vi

ra
l t

re
at

m
en

t (
A

R
T

) 
an

d 
su

pp
re

ss
ed

. B
as

ed
 o

n 
lo

gi
t l

in
k 

fo
r 

ag
e 

an
d

ye
ar

-o
ne

 C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

pe
rc

en
ta

ge
1 .

A
ge

 a
t 

ye
ar

 1
C

D
8+

 T
-c

el
l a

ct
iv

at
io

n 
pe

rc
en

ta
ge

 a
t 

ye
ar

 1

10
%

20
%

30
%

40
%

50
%

25
3%

4%
4%

5%
5%

30
5%

5%
6%

7%
7%

35
7%

8%
9%

9%
10

%

40
10

%
11

%
12

%
13

%
14

%

45
14

%
15

%
16

%
18

%
20

%

50
19

%
20

%
22

%
24

%
26

%

55
25

%
27

%
29

%
31

%
34

%

1 W
e 

di
d 

no
t i

nc
lu

de
 p

re
-A

R
T

 o
r 

ye
ar

-o
ne

 C
D

4 
co

un
t, 

si
nc

e 
th

es
e 

ef
fe

ct
s 

w
er

e 
no

t s
ig

ni
fi

ca
nt

 a
nd

 th
e 

po
in

t e
st

im
at

e 
in

di
ca

te
d 

hi
gh

er
 C

D
4 

w
as

 h
ar

m
fu

l, 
co

un
te

ri
ng

 th
e 

cu
rr

en
t s

ci
en

tif
ic

 k
no

w
le

dg
e.

AIDS. Author manuscript; available in PMC 2014 August 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

LOK et al. Page 15

Ta
bl

e 
4

E
st

im
at

ed
 O

dd
s 

R
at

io
s 

(O
R

s)
 a

nd
 9

5%
C

I,
 a

nd
 p

-v
al

ue
 f

or
 p

ro
ba

bi
lit

y 
of

 e
ve

nt
s 

in
 y

ea
rs

 2
–5

 a
ft

er
 in

iti
at

io
n 

of
 a

nt
ir

et
ro

vi
ra

l t
re

at
m

en
t (

A
R

T
),

 h
ad

ev
er

yo
ne

 r
em

ai
ne

d 
on

 A
R

T
 w

ith
ou

t t
re

at
m

en
t i

nt
er

ru
pt

io
ns

 lo
ng

er
 th

an
 2

1 
da

ys
.

U
ni

va
ri

at
e 

O
R

A
dj

us
te

d 
O

R
 f

or
 C

D
8+

T
-c

el
l a

ct
iv

at
io

n 
ye

ar
 1

(p
er

 1
0 

un
it

s
(%

)h
ig

he
r)

3

M
ul

ti
va

ri
ab

le
 m

od
el

 A
M

ul
ti

va
ri

ab
le

 m
od

el
 B

M
ul

ti
va

ri
ab

le
 m

od
el

 C

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

ye
ar

 1
 (

pe
r 

10
 u

ni
ts

(%
) 

hi
gh

er
)

1.
20

 (
1.

04
,1

.4
0)

 (
p=

0.
01

)
--

1.
08

 (
0.

90
,1

.2
7)

 (
p=

0.
40

)
1.

13
 (

0.
95

,1
.3

2)
 (

p=
0.

17
)

1.
16

 (
0.

98
,1

.3
6)

 (
p=

0.
09

6)

A
ge

 (
pe

r 
10

 y
ea

rs
 o

ld
er

)
1.

91
 (

1.
51

,2
.4

6)
 (

p<
 0

.0
00

1)
1.

12
 (

0.
96

,1
.3

0)
1.

83
 (

1.
44

,2
.4

1)
 (

p<
0.

00
01

)
1.

87
 (

1.
48

,2
.4

4)
 (

p<
0.

00
01

)
1.

86
 (

1.
47

,2
.4

2)
 (

p<
0.

00
01

)

C
D

4 
sq

rt
1  

yr
1 

(p
er

 3
 u

ni
ts

 h
ig

he
r)

2
1.

05
 (

0.
92

,1
.1

9)
 (

p=
0.

47
)

1.
24

 (
1.

05
,1

.4
5)

--
1.

10
 (

0.
95

,1
.2

7)
 (

p=
0.

20
)

1.
10

 (
0.

95
,1

.2
6)

 (
p=

0.
20

)

Pr
e-

A
R

T
 C

D
4 

sq
rt

1  
(p

er
 3

 u
ni

ts
 h

ig
he

r)
2

1.
07

 (
0.

97
,1

.1
8)

 (
p=

0.
17

)
1.

25
 (

1.
07

,1
.4

6)
--

--
--

Se
x 

(f
em

al
e,

 r
ef

 m
al

e)
1.

04
 (

0.
57

,1
.7

6)
 (

p=
0.

91
)

--
--

--
--

In
je

ct
io

n 
dr

ug
 u

se
 (

ev
er

, r
ef

 n
ev

er
)

1.
62

 (
0.

69
,3

.4
8)

 (
p=

0.
24

)
--

--
--

--

R
an

do
m

iz
ed

 s
tu

dy
 3

84
/3

88
, r

ef
 A

50
14

/
A

50
95

0.
62

 (
0.

38
,0

.9
7)

 (
p=

0.
03

)
1.

20
 (

1.
03

,1
.4

1)
0.

65
 (

0.
39

,1
.0

4)
 (

p=
0.

07
)

0.
65

 (
0.

39
,1

.0
5)

 (
p=

0.
08

)
--

Pr
e-

A
R

T
 lo

g 1
0 

R
N

A
 (

lo
g 1

0 
co

pi
es

/m
L

, p
er

un
it 

hi
gh

er
)

0.
92

 (
0.

72
,1

.2
0)

 (
p=

0.
52

)
--

--
--

--

N
aï

ve
 C

D
4 

pe
rc

en
ta

ge
 y

ea
r 

1 
(p

er
 1

0 
un

its
(%

) 
hi

gh
er

)
0.

84
 (

0.
72

,0
.9

8)
 (

p=
0.

03
)

1.
14

 (
0.

97
,1

.3
4)

0.
96

 (
0.

80
,1

.1
5)

 (
p=

0.
69

)
--

--

E
ve

nt
 in

 y
ea

r 
1 

(y
es

, r
ef

 n
o)

0.
76

 (
0.

13
,2

.1
5)

 (
p=

0.
63

)
--

--
--

1 Sq
rt

 r
ef

er
s 

to
 s

qu
ar

e 
ro

ot
. R

ea
so

n 
fo

r 
sq

rt
: t

he
 d

if
fe

re
nc

e 
be

tw
ee

n 
C

D
4=

50
 a

nd
 C

D
4=

10
0 

is
 m

uc
h 

m
or

e 
in

fo
rm

at
iv

e 
th

an
 th

e 
di

ff
er

en
ce

 b
et

w
ee

n 
C

D
4=

60
0 

an
d 

C
D

4=
65

0.
 T

ak
in

g 
a 

sq
ua

re
 r

oo
t a

cc
ou

nt
s 

fo
r

th
at

.

2 Fo
r 

ex
am

pl
e,

 a
 C

D
4 

co
un

t o
f 

10
0 

ve
rs

us
 4

9,
 2

94
 v

er
su

s 
20

0,
 o

r 
64

3 
ve

rs
us

 5
00

 c
el

ls
/m

m
3 .

3 T
he

se
 a

re
 O

R
s 

fo
r 

C
D

8+
 T

-c
el

l a
ct

iv
at

io
n 

ad
ju

st
ed

 f
or

 e
ac

h 
co

va
ri

at
e;

 f
or

 e
xa

m
pl

e,
 th

e 
O

R
 f

or
 C

D
8+

 T
-c

el
l a

ct
iv

at
io

n 
ad

ju
st

ed
 f

or
 a

ge
 is

 1
.1

2 
(0

.9
6,

1.
30

).

AIDS. Author manuscript; available in PMC 2014 August 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

LOK et al. Page 16

Table 5

Estimated Odds Ratios (ORs), 95%CI, and p-values for the probability of events in years 2–5 after initiation of
antiretroviral treatment (ART): subjects 50 years and older, had everyone continued to have viral suppression
on ART.

Univariate OR Adjusted OR CD8+T-cell
activation4

Multivariable model

CD8+ T-cell activation year 1 (per 10 units (%)
higher)1

1.42 (1.07,2.47) (p=0.015) -- 1.51 (1.10,2.91) (p=0.008)

CD4 sqrt2 year 1 (per 3 units higher)3 1.13 (0.84,1.54) (p=0.43) 1.50 (1.10,2.62) 1.22 (0.89,1.77) (p=0.21)

Age (per 10 years older) 1.14 (0.31,3.55) (p=0.81) 1.43 (1.06,2.64) 0.89 (0.15,3.54) (p=0.90)

1
Sensitivity analysis: for the probability of an event in years 3–5, given no event in year 2: univariate OR 1.38 (1.01–2.64) (p=0.04).

2
Sqrt refers to square root. Reason for sqrt: the difference between CD4=50 and CD4=100 is much more informative than the difference between

CD4=600 and CD4=650. Taking a square root accounts for that.

3
For example, a CD4 count of 100 versus 49, 294 versus 200, or 643 versus 500 cells/mm3.

4
These are ORs for CD8+ T-cell activation adjusted for each covariate; for example, the OR for CD8+ T-cell activation adjusted for age is 1.43

(1.06,2.64).
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