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Abstract
Background—The relationship between CD4+ T-cell counts determined soon after
seroconversion with HIV-1 (baseline CD4), nadir CD4, and CD4 levels attained during highly
active antiretroviral therapy (HAART) is unknown.

Methods—Longitudinal, including baseline (at or soon after HIV diagnosis), intermediate
(nadir), and distal (post-HAART) CD4+ T-cell counts were assessed in 1085 seroconverting
subjects who achieved viral load suppression from a large well-characterized cohort. The
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association of baseline with post-HAART CD4+ T-cell count was determined after adjustment for
other relevant covariates.

Results—A higher baseline CD4+ T-cell count predicted a greater post- HAART CD4+ T-cell
count, independent of the nadir and other explanatory variables. Together, baseline and nadir
strongly predicted the post-HAART CD4+ count such that a high baseline and lower nadir were
associated with a maximal immune recovery after HAART. Likelihood of recovery of the baseline
count after HAART was significantly higher when the nadir/baseline count ratio was consistently
≥0.6.

Conclusions—Among viral load suppressing seroconverters, the absolute CD4+ T-cell count
attained post-HAART is highly dependent on both baseline and nadir CD4+ T-cell counts. These
associations further support the early diagnosis and initiation of HAART among HIV-infected
persons.
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INTRODUCTION
Among HIV-1–infected individuals receiving highly active antiretroviral therapy (HAART),
the extent of CD4+ T-cell count recovery varies significantly, despite suppression of the
viral load (VL). The clinical implication of this conundrum is significant because suboptimal
CD4+ T-cell count recovery1–5 is associated with an increased risk of adverse clinical
events.2,6–11 Prior studies have documented the negative impact of a low nadir CD4+ T-cell
count on the recovery of CD4+ T-cell counts during HAART12–17 prompting the
recommendation to initiate HAART at higher CD4+ T-cell counts. However, much less is
known about the relationship between the proximal (baseline) CD4+ T-cell count close to
infection and the CD4+ T-cell count recovery during HAART. Conceptually, it is natural to
expect that after a potent therapeutic correction, CD4+ T-cell counts should return to pre-
infection levels. This expectation would imply that in observational epidemiological studies,
one might observe a close association between the baseline and the post-HAART CD4+ T-
cell counts. Whether such an association is independent of the known relationship between
the nadir and post-HAART CD4+ T-cell counts is currently unclear.

To address these questions, we evaluated a large military cohort of HIV-infected individuals
with equal access to health care and in whom CD4+ T-cell counts were available soon after
seroconversion, during the untreated disease course, and after initiation of HAART. With
this unique resource, we sought to determine whether the baseline CD4+ T-cell counts also
(and independently) influenced immune reconstitution as measured using the CD4+ T-cell
counts attained during HAART after adjusting for variables known to influence immune
recovery.18–29

MATERIALS AND METHODS
Study Participants

Data for this study are from HIV-infected participants of the Department of Defense HIV
Natural History Study30 who initiated HAART between January 1, 1996, and January 1,
2008, whose characteristics are summarized in Table 1 and are further described
elsewhere.31 Subjects who had at least 3 CD4+ T-cell count measurements after 2 years of
HAART initiation were included in the present study. All individuals in the military have
undergone mandatory HIV screening since the cohort began in 1985 and are tested regularly
while on active duty. Enrolled subjects are seen every 6 months for HIV-related evaluations,
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including CD4 and VL measurements. In addition, interim CD4 and VL taken at other
facilities are also entered into the database. Of these participants, 1560 (66%) had baseline
and nadir CD4+ counts and at least 3 CD4 measurements available more than 2 years after
HAART initiation (definitions of these time points are provided in Figure 1A). We further
included only subjects with previously documented HIV-negative tests (seroconverters) and
excluded subjects that never reached VL suppression or had an AIDS event after HAART.
The latter 2 groups (n = 135) were excluded so that analyses would include subjects who
experienced successful HAART treatment thereby reducing many confounders associated
with both poor adherence and inadequate CD4 response. These exclusions also made the
interpretations from our study relevant to HIV clinics in resource rich settings. Therefore,
we finally included 1085 subjects who fulfilled the inclusion criteria shown in Figure 1B.
Further, because we also aimed to characterize overall pattern of the CD4+ T-cell count
change over time in addition to the 3 aforementioned snapshots, we estimated the CD4+ T-
cell count trends over time. For that, we included longitudinally measured CD4+ T-cell
counts which were available on 2131 (25,138 CD4 measurement, median; 11.8/participant)
and 2180 (36,855 CD4 measurements, median; 16.9/participant) participants before and
after HAART was initiated, respectively.

Definitions
Baseline CD4+ T-cell count was defined as the first CD4+ T-cell count measurement after
diagnosis of HIV infection (Fig. 1A). Nadir CD4+ T-cell count was the lowest CD4
measured during disease before HAART initiation. We have observed previously in this
cohort that after HAART initiation, there are 2 phases of CD4+ T-cell count changes: phase
I after initiation of HAART where there is a rapid increase in CD4+ T-cell counts over the
first 2 years, followed by phase II with a slower gain.32 For this reason, in those subjects
who had at least 3 CD4+ T-cell count measurements available 2 years post- HAART, we
computed for each subject their phase II post- HAART CD4 count. This was defined as the
average of all the CD4+ T-cell count measurements available beyond 2 years of therapy,
thus approximating the maximum steady-state CD4+ T-cell count level attained.

In our analyses, we also included as covariates the overall exponential VL decay constant
computed for the entire duration of therapy and the cumulative VL (defined as the area
under the curve obtained using the trapezoidal rule) of the log10 VL from time of initiation
of HAART because these 2 parameters were strong independent factors associated with
CD4+ T-cell count recovery and AIDS risk during HAART, respectively.31 VL suppression
on HAART was defined as attainment of a VL <400 copies per milliliter. In this cohort, VL
suppression was achieved in 93% of subjects at 5 years31,32 and was associated with a
prominent and durable increase in CD4+ T-cell counts compared with those who did not
achieve this virologic threshold on HAART. Pre-HAART VL was defined as the average of
all VL measurements 1 year before initiation of HAART (average number of pre-HAART
VL measurements were 4.4 with a standard deviation of 5.27). AIDS events were defined
using the 1993 classification but did not include CD4 count <200 cells per microliter as an
endpoint.34

Statistical Analysis
We examined the association of baseline and nadir CD4+ T-cell counts with mean phase II
CD4+ T cell counts using the following regression models. First, linear regression was used
for the outcome of mean phase II CD4+ T-cell count considering the outcome as a
continuous variable. We observed that the outcome variable was not normally distributed
and continued to be nonnormally distributed even when the logarithmic or square-root
transformations were used. Therefore, we could not use the ordinary least squares method
for these analyses and instead used a nonparametric regression procedure—quantile
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regression. Second, we dichotomized the outcome of mean phase II post-HAART CD4
count as < or ≥500 cells per microliter. Using this binary outcome, we conducted logistic
regression analyses. For both the linear and logistic regressions, we performed univariate
and multivariate analyses. Covariates in the multivariate analyses included age at HAART
initiation, gender, African American ethnicity, previous receipt of ART, AIDS before
HAART, pre-HAART VL, overall VL decay constant during HAART, cumulative VL
during HAART, and late HAART era (after calendar year 2000). Time to HAART from
HIV diagnosis (or estimated date of seroconversion for known seroconverters), time on
HAART, age at HAART initiation, pre-HAART VL, overall VL decay constant, and
cumulative VL were included in the model as continuous variables. Also, we used χ2 test for
linear trend (expressed as proportion of overall χ2) to determine the possibility of a gradient
of association across categories of the baseline and mean phase II CD4+ T-cell counts.
Third, to determine the time trends of CD4+ T-cell counts, we conducted nonlinear
generalized estimating equations (GEE) modeling on the panel data of CD4 counts indexed
from the date of initiation of HAART and extending 6 years before and after HAART
initiation. The GEE results were then spline-smoothed using the Stata routine rc_spline by
taking annual knots, and 95% confidence interval (CI) bands were computed for these data.
The GEE models were computed assuming equal-correlation structure. Prognostic use of
baseline and nadir CD4+ T-cell counts was assessed using a receiver-operating characteristic
(ROC) curve and the estimated area under this curve. ROC curves were used to plot the
bivariate distribution of the true-positive rate (sensitivity) and the false-positive rate (1
specificity) by varying the cut-off for dichotomization over the observed range of values.
Area under the ROC curve indicated the predictive accuracy of the test under consideration.
All statistical analyses were conducted using Stata 10.0 (College Station, TX) software
package. Statistical significance was evaluated at a type I error rate of 0.05.

RESULTS
Influence of Baseline CD4+ T-Cell Count on CD4 Recovery

The subject characteristics are shown in Table 1. We first conducted univariate linear
regression models to determine whether the baseline CD4+ T-cell count predicted the phase
II post-HAART CD4 count. Figure 2A shows that there was a strong statistical association
between these 2 variables. For each additional CD4+ T cell at baseline, there was a 0.36 cell
higher phase II post-HAART CD4 count. Using multivariate linear regression analyses, we
observed that (Fig. 2B) independent of VL, nadir CD4+ T-cell count, and other parameters,
the baseline CD4+ T-cell count continued to be a strongly associated with the mean phase II
CD4+ T-cell count (regression coefficient 0.48).

An important point to consider in our analysis was the variability in the seroconversion
window—the duration between the last HIV-negative and first HIV-positive test (Fig. 1A,
Table 1). We observed that there indeed was a weak yet statistically significant negative
correlation between the width of the seroconversion window and the baseline CD4+ T-cell
count (Pearson correlation coefficient = 20.10, P = 0.0013), that is, subjects with longer
seroconversion windows had lower baseline CD4 counts. Thus it was possible that our
analyses could have been influenced by this negative correlation and the variability in the
seroconversion window. We used 2 different approaches to account for this variability. First,
we adjusted the association between the baseline and mean phase II CD4+ T-cell counts by
additionally including the seroconversion window (SctWin) as a covariate (hollow bar
labeled “adjusted for SctWin” in Figure 2B). We found that this association was not
substantially influenced by inclusion of seroconversion window. Second, we categorized
subjects into 3 groups based on the tertiles of seroconversion window—the tertiles were at 1
year and 1.94 years. Within each tertile group, we estimated the same regression model and
found that in all the 3 groups the multivariate strength of association between the baseline
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and mean phase II CD4+ T-cell counts was comparable. Consistent with these observations,
subjects with a baseline CD4+ T-cell count of <500 cells per microliter were 2.27-fold more
likely to have a mean phase II CD4+ T-cell count that was <500 cells per microliter (odds
ratio: 2.27, 95% CI: 1.75 to 2.94). After adjusting for all potential confounders, this
likelihood further increased (odds ratio: 3.19, 95% CI: 2.27 to 4.49).

To assess the association of baseline CD4+ T-cell count on phase II post-HAART CD4+ T-
cell count, independent of nadir CD4, we first categorized study subjects according to 3
clinically meaningful strata of nadir CD4+ T-cell counts (Fig. 2C). Within the 3 strata of
nadir CD4 counts (<200, 200–349, and ≥350 cells per microliter), the median time at which
the nadir CD4 count was recorded before HAART initiation was 1.17, 2.89, and 1.74
months, respectively, suggesting that the pre-HAART nadir CD4 occurred near the time of
HAART initiation. We found that the phase II CD4+ T-cell count was strongly predicted by
the baseline CD4 count within each stratum of the nadir CD4 cell count before or after the
adjustment for seroconversion window (Fig. 2C). Additional analyses were conducted which
adjusted for length of follow-up and included a square root transformation of the baseline
CD4 count resulting in similar findings (data not shown).

To investigate further the relationship between baseline, nadir, and post-HAART CD4
counts, we stratified subjects according to their baseline (<350, 350–699, and ≥700 cells/
mL) and nadir (<200, 200–349, and ≥350 cells/mL) CD4+ cell count and determined the
proportion of subjects who attained CD4+ counts 2 years after HAART of <350, 350–699,
and ≥700 cells per microliter (Fig. 2D). Within each category of subjects classified by their
nadir CD4+ T-cell count, the proportion of subjects on HAART who reconstituted to CD4+
T-cell counts of ≥700 cells per microliter increased in a step-wise manner with increasing
baseline CD4+ T-cell count. We tested this statistically by using a combination of the
Pearson χ2 test and the χ2 test for linear trend and then estimated the proportion of the total
Pearson χ2 that was attributable to a linear association between the categories of baseline
CD4+ T-cell count and the mean phase II CD4+ T-cell count (Fig. 2E). We observed that
across the categories of nadir CD4+ T-cell count, 50%–74% of the total association was
attributable to a clear linear trend between the categories of baseline CD4+ T-cell count and
the mean phase II CD4+ T-cell count. The results shown in Figure 2D and 2E together
strongly indicated that the association of baseline CD4+ T-cell count and the mean phase II
CD4+ T-cell count was largely independent of the nadir CD4+ T-cell count.

Joint Influence of Baseline and Nadir CD4+ T Cell Counts on CD4 Recovery
To investigate further the joint relationship between baseline and nadir CD4+ T-cell counts
with the mean phase II CD4+ T-cell counts, we computed the CD4+ T-cell count trajectories
6 years before and after HAART initiation for each of the group of subjects categorized
according to their baseline and nadir CD4+ cell count (Fig. 2F). The highest mean phase II
CD4+ T-cell counts were found among 3 categories of subjects: those with baseline CD4
counts of ≥700 and nadir CD4 counts of ≥200 cells per microliter (Fig. 2F, groups 8 and 9)
and those with baseline CD4 counts of 350–700 cells per microliter and nadirs of ≥350 cells
per microliter (Fig. 2E, group 6). To determine whether the actual gain in CD4+ T-cell
counts (difference between mean phase II and nadir CD4+ T-cell counts) differed by
baseline and nadir CD4 counts, we used quantile regression. In multivariate analysis, we
observed that the baseline CD4+ T-cell count had a significantly positive impact on the gain
(coefficient 0.18, 95% CI: 0.10 to 0.26, P, 0.001), whereas the nadir CD4+ T-cell count had
a significantly negative impact (coefficient 20.29, 95% CI: 20.40 to 20.18, P < 0.001) on the
number of cells gained. These results corroborate those shown in Figure 2F such that for a
given nadir CD4 count, a higher baseline CD4+ T-cell count was associated with a larger
gain in CD4+ T cells. On the other hand, for a given baseline count, a lower nadir was
associated with a larger gain after HAART. The conjoint effects on the predicted number of
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cells gained are depicted in Figure 3A which shows that a combination of high baseline
CD4+ T-cell count and a low nadir CD4+ T-cell count is most likely to be benefited by
HAART in terms of the number of cells gained.

Nadir/Baseline CD4+ T-Cell Count Ratio Predicts CD4 Recovery From HAART
Last, to translate these findings into clinically relevant information, we first addressed the
following question: Can a composite measure based on the baseline and nadir CD4+ T-cell
counts be used to predict the likelihood of immune reconstitution? To answer this question,
we generated the ratio of nadir to baseline CD4+ T-cell counts (nadir/baseline ratio) and
used the dichotomous outcome of achievement of the baseline CD4+ T-cell count in mean
phase II as a measure of adequate CD4 recovery. Using a ROC curve, we observed (Fig. 3B)
that the nadir/baseline ratio had a prognostic accuracy of 81% as indicated by the area under
the ROC curve. Compared with the predictive accuracy of either baseline CD4+ T-cell count
(P = 0.0004) or nadir CD4+ T-cell count (P < 0.0001), the nadir/baseline ratio provided a
significantly higher prognostic information. The optimum prognostically useful cut-off for
this ratio was 0.6, equivalent to a CD4 decline of 40% from baseline. A ratio larger than this
cut-off had prognostic sensitivity of 82.8%, specificity of 66.9%, and accuracy of 77.4%.
The likelihood of successful reconstitution (that is achievement of baseline CD4+ T-cell
count values during phase II) was 0.83 in subjects with nadir/baseline ratio of ≥0.6 and 0.34
in subjects with a ratio <0.6.

We next assessed the extent to which interindividual variability in immune reconstitution
was explained by the nadir/baseline ratio. For these analyses, we considered three outcomes
that can conceptually reflect adequate immune reconstitution: achievement of the baseline
CD4+ T-cell count during phase II, mean phase II CD4+ T-cell count ≥500 cells per
microliter, and a gain of at least 200 CD4+ T cells per microliter during HAART. In the
study subjects, 716 (66.0%), 699 (64.4%), and 690 (63.6%) subjects achieved these 3
outcomes, respectively. Using logistic regression analyses, we observed that the nadir/
baseline ratio explained 22.2% variability in the outcome of return to baseline CD4+ T-cell
count, 3.2% variability in the outcome of mean phase II CD4+ T-cell count ≥500 cells per
microliter, and 0.1% variability in the outcome of a gain of at least 200 CD4+ T cells per
microliter during HAART. Interestingly, baseline CD4+ T-cell count and nadir CD4+ T-cell
count, when considered individually, explained only 14.3% and 0.7% variability in the
outcome of return to baseline CD4+ T-cell count suggesting that the nadir/baseline ratio may
be tapping synergistic information content of these 2 parameters—a finding that
corroborates the ROC curves shown in Figure 3B.

DISCUSSION
There are 2 major findings of our analyses. First, the baseline CD4+ T-cell count observed
during the early stages of HIV infection is a strong predictor of the CD4+ T-cell count
attained after HAART, independent of the nadir CD4+ T-cell count and other explanatory
covariates that have previously been ascribed to underlie interindividual differences in
immunological reconstitution after HAART.1,18–29,35–39 Prior studies have evaluated the
impact of CD4 and VL just before initiation of HAART on immune recovery (eg, nadir
CD4, pre- HAART VL). However, the impact of proximal parameters such as the degree of
initial CD4 depletion during acute HIV infection (especially involving key CD4+ T-cell
subsets in lymph nodes and the gut) or the pre-infection CD4 count, as reflected by the
baseline CD4, on distal events during HIV disease such as extent and capacity of CD4
reconstitution are lacking. Our observation may have implications for clinical practice
because it indicates that among patients with low baseline CD4 postseroconversion, the
attainment of predetermined levels of CD4+ T-cell counts such as 500 cells per microliter
may be difficult. That is, there might be a maximum ceiling dictated partly by the baseline
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CD4 which may limit the CD4+ T-cell gains during HAART. Although existence of such a
ceiling for an individual patient may be difficult to determine in clinical practice, our results
indicate that it may be clinically useful to consider the baseline CD4+ T-cell count as an
approximate guideline for targeting the post-HAART recovery. Conversely, patients who
presented with high baseline CD4+ T-cell counts may have had high pre-infection CD4
counts and/or a more modest extent of CD4 + T-cell depletion during acute HIV infection
indicating a greater immunologic reserve capacity (eg, preservation of naive and central
memory CD4 cells) or other associated immunologic advantages during HIV infection
allowing for greater CD4+ T-cell recovery after HAART.40–44 However, it is possible that
the baseline CD4+ T-cell count may not fully reflect the pre-infection count. Nevertheless,
the fact that seroconversion window did not significantly influence our results points toward
the clinical utility of this observation. Our findings indicate that the baseline CD4+ T-cell
counts measured as close to serconversion as clinically feasible are an important
independent indicator of immune recovery potential.

Second, during suppressive HAART, the average cell gain was highly associated with both
the nadir and baseline CD4 counts independently. Specifically for a given nadir CD4 count,
an individual with a high baseline CD4 would have a greater CD4 cell gain than an
individual with a lower baseline CD4. Similarly for a given baseline CD4 count, an
individual with a lower nadir CD4 would have a greater gain than an individual with a
higher nadir. These novel results suggest that in the presence of HAART, the immune
system seeks to attain the previous equilibrium dictated by the earliest CD4+ T-cell count
soon after infection.

Our study implies 2 potential considerations for clinical practice. First, we developed a
novel marker, the nadir/baseline ratio as one with high degree of association with future
course of immune reconstitution after HAART. This finding further implies that (A) it may
be useful to have a knowledge of baseline CD4+ T-cell count as close to seroconversion as
feasible; and (B) if the CD4+ T-cell count falls below 60% of this value, the situation is less
likely to yield to a robust immune reconstitution even if VL suppression is achieved.
However, additional clinical studies are needed to directly address this hypothesis.
Nevertheless, this finding is in line with the view that early HIV diagnosis and HAART-
initiation can be beneficial.45 Second, our study implies that knowledge of the baseline
CD4+ T-cell count may provide a clinician with a realistic therapeutic goal for CD4
recovery after HAART.

The strength of our study is that our cohort allowed us to index per subject extensive
longitudinal CD4+ T-cell count data from the proximal stages of HIV infection, through the
period of CD4 depletion (pre-HAART nadir CD4) and CD4 during HAART. However,
there are limitations to this study. First, in the present analyses, we did not describe the
particular treatment regimens24 or level of adherence because the vast majority of
participants were able to achieve and maintain virologic suppression within the first year of
therapy and maintain suppression thereafter independent of regimen used. Additionally,
rates of adherence were high overall in this cohort.31 Second, although study participants
were part of a well-characterized cohort of HIV-infected individuals who received
comparable health care, we cannot exclude the possibility of an indication bias with respect
to HAART initiation such that subjects with more advanced disease could have been more
likely to have received therapy. Not withstanding this potential limitation, the relationship
between the CD4+ T-cell counts assessed during the proximal (baseline), intermediate
(nadir), and distal (during HAART) phases of HIV disease course can only be evaluated
within the context of an observational study and not a clinical trial which typically lack
information on baseline CD4 counts and are for a short duration after HAART initiation.
Third, the results of this study may not be readily generalizable to clinical practice because
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our selection protocol included subjects who achieved VL suppression and did not develop
AIDS after HAART initiation. Therefore, our study sample was more likely representative
of a population that would have favorable post- HAART CD4 response.

In summary, by capitalizing on extensive longitudinal CD4+ T-cell counts early after
seroconversion and corroborating the 3-phased measurements of these counts, we found that
the baseline CD4+ T-cell count strongly predicted the CD4+ T-cell count recovery beyond
the pre-HAART nadir CD4+ T-cell count. Our findings are novel and previously
unrecognized due to the fact that most clinical studies do not have access to early
postinfection CD4+ T-cell counts.
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FIGURE 1.
Theoretical framework and the cohort used in this study. A, The various terms used in this
article are depicted in the context of a typical HIV pathogenesis events calendar. HIV-
related events are shown at the top of the chart as hexagons. Partially filled hexagons
indicate that not all of the cohort subjects had that event. Grayed out dashed line and the
AIDS outcome indicate that these subjects were excluded from the study, and the remaining
subjects were followed (green circle). The brown curve indicates a prototypic CD4+ T-cell
count trajectory aligned with the HIV-related events described at the top. Postinfection,
there is a decline in CD4+ T-cell count till HAART is begun after which the CD4+ T-cell
count rebounds in 2 phases—phase I is a rapid reconstitution phase that, on average, is 2
years; and phase II where the rise is very slow. The red arrows indicate the 3 time points at
which CD4+ T-cell counts were measured in this study (baseline measurement is close to
seroconversion, nadir measurement is close to HAART initiation, and phase-II
measurements are over the steady state after HAART initiation). Colored shaded areas
represent the various time windows that have described in Table 1. B, The inclusion criteria
funnel for the present study. The criteria are shown in boxes, whereas the proportion of the
cohort fulfilling each criterion is shown to the left of the box, and the number of subjects
included at each criterion is shown to the right of the boxes. To put the inclusion criteria in
perspective of HIV pathogenesis, colorcoded dashed lines are shown to be extending from
panel A into panel B. Of note, 228 (21%) of the recruited study subjects achieved VL
suppression within 24 weeks of HAART initiation and remained VL suppressed throughout
the period of follow-up.
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FIGURE 2.
Association of the baseline CD4+ T-cell count and nadir CD4+ T-cell count with phase II
post-HAART CD4+ T-cell counts. A, Correlation of the baseline CD4+ T-cell count with
the mean phase II CD4+ T-cell counts. Shown is a scatter plot for these 2 variables with the
results of bivariate quantile regression analyses overlaid onto the scatter plot. The red line is
the mean regression line with the brown lines enveloping the 95% confidence region. The
results of regression are described at the top as regression coefficient, its 95% confidence
interval, and statistical significance. B, Association of baseline and mean phase II CD4+ T-
cell counts before and after accounting for the seroconversion window. The results are from
multivariate quantile regression models. Vertical colored bars represent the point estimate,
whereas the error bars represent the 95% confidence intervals for the regression coefficient.
Each model is adjusted for covariates that in previous analyses were shown to associate with
mean phase II CD4 cell counts 2 years post-HAART and included: age at HAART initiation,
gender, African American ethnicity, previous receipt of ART, AIDS before HAART, pre-
HAART VL, overall VL decay constant during HAART, cumulative VL during HAART,
and late HAART era (after calendar year 2000). Time to HAART from HIV diagnosis (or
estimated date of seroconversion for known seroconverters), time on HAART, age at
HAART initiation, pre-HAART VL, overall VL decay constant, and cumulative VL were
included in the model as continuous variables. Leftmost bar (overall) is before accounting
for the serconversion window (SctWin), the hollow bar indicates results from a model that
included SctWin as a covariate (as a continuous variable), whereas the remaining 3 bars are
models for the indicated strata based on tertiles of SctWin (1 year and 1.94 years). C,
Association of baseline and mean phase II CD4+ T-cell counts after accounting for the nadir
CD4+ T-cell counts. Results are from regression models specified in legend to panel B but
conducted within the indicated strata of nadir CD4+ T-cell counts. Filled bars represent the
models without adjustment for seroconversion window, whereas hollow bars represent
models accounting for the seroconversion window as a covariate. Seroconversion window
was used as a continuous variable in the regression models. D, Influence of baseline and
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nadir CD4+ T-cell counts on mean phase II CD4+ T-cell count. Each of these 3 variables
was divided into 3 strata as indicated. The stacked bars show the proportion of study
subjects who attained the indicated phase II CD4+ T-cell count for a given combination of
baseline and nadir CD4+ T-cell count stratum. The color-coded number at the top of each
bar identifies a particular combination of baseline and nadir CD4+ T-cell counts. Note that,
group 3 does not exist. Gp, group. E, Association between categories of baseline CD4+ T-
cell count and those of mean phase II CD4+ T-cell counts before and after stratifying by
nadir CD4+ T-cell count. The overall association is shown by the χ2 statistic to the right of
the chart. The chart shows the proportion of this χ2 that is attributable to a linear association,
which was estimated as the χ2 due to linearity/total χ2. The χ2 due to linearity was estimated
as (n−1) r, where n is the number of observations, and r is Pearson correlation coefficient
between category codes. F, Trajectories of CD4 cell counts 6 years before and after HAART
initiation based on the baseline and nadir CD4 counts. Plot shows average (thick lines) and
95% confidence bands (thin colorcoded lines) estimates for the nonlinear spline-smoothed
trajectories of CD4+ T-cell counts during HIV disease based on the same 8 exclusive groups
shown in panel C among all subjects on HAART. Time zero indicates the time of HAART
initiation. N, number of subjects; M, number of CD4+ T cell count measurements.
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FIGURE 3.
Combined influence of the baseline and nadir CD4+ T-cell counts on immunological
reconstitution during HAART. A, Predicted number of CD4+ T cells gained during HAART
based on the baseline and nadir CD4+ T-cell counts. The number of cells gained is the
difference between the nadir CD4+ T-cell count and the mean phase II CD4+ T-cell count.
All cell counts are expressed as cells per microliter. The results are from multivariate
quantile regression models. Each model is adjusted for the same covariates as those in
Figure 2B and for seroconversion window. Baseline and nadir CD4+ T-cell counts were
used as continuous variables. Blank areas indicate theoretically nonexistent combinations.
As can be seen from the purple colored triangular area, highest number of cells are gained
when a high baseline CD4+ T-cell count is combined with a low nadir CD4+ T-cell count.
B, Prognostic use of the nadir/baseline ratio. The plot shows the receiever-operating
characteristic curves for the prediction of achievement of the baseline CD4+ T-cell counts
during phase II based on the ratio of nadir and baseline CD4+ T-cell counts (red curve).
Comparative ROC curves for baseline CD4+ T-cell count (blue curve) and nadir CD4+ T-
cell count (green curve) for the same outcome are also shown. Gray diagonal line indicates
the line of no prognostic use. N/B ratio, nadir/baseline CD4+ T-cell count ratio.
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TABLE 1

Characteristics of the Study Subjects

Characteristic n* Description†

Age at HAART (yrs) 1084 34.2 (7.6)

Female gender 1085 68 (6.3%)

Ethnicity

 European Americans 1085 488 (45.0%)

 African Americans 476 (43.9%)

 Hispanic Americans 84 (7.7%)

 Others 37 (3.4%)

CD4+ T cell counts (cells/μL)

 Baseline‡ 1085 470 (338–630)

 Nadir‡ 1085 311 (225–414)

 Mean of phase II‡ 1085 577 (422–741)

VL parameters

 Baseline VL (log10 copies/mL) 1082 4.28 (0.83)

 Pre HAART VL (log10 copies/mL) 1045 4.23 (0.75)

 Cumulative VL (log10 copy-months/mL) 1081 18.85 (10.4)

 Overall VL decay constant 1085 0.026 (0.086)

Temporal characteristics

 Seroconversion window (yrs)‡ 1085 1.37 (0.87–2.42)

 HIV diagnosis to first CD4 (days) ‡ 1085 39 (26–63)

 HIV diagnosis to HAART (yrs) ‡ 1085 2.34 (0.27–5.71)

 Nadir to HAART (mo)‡ 1085 2.00 (0.26–12.78)

 Follow-up on HAART (yrs)‡ 1085 7.58 (4.41–10.15)

 HAART to VL suppression (yrs)‡ 1075 0.41 (0.13–1.03)

Other characteristics

 Initiated in late HAART era 1085 750 (69.1%)

 AIDS before HAART initiation 1085 29 (2.7%)

 Prior use of ART 1085 519 (7.8%)

*
Number of subjects on whom indicated data was available.

†
For continuous variables, the values represent mean (SD).

‡
For continuous variables not following normal distribution, the values represent median (interquartile range width).

§
Interval between the last HIV-negative test to the first HIV-positive test.
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