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Abstract

Background: Age blunts CD4* lymphocyte cell count/ul (CD4*%) improvements observed with
antiretroviral therapy (ART)-induced viral suppression among people with HIV (PWH). Prolonged
viral suppression reduces immune dysregulation, reflected by rising CD4*/CD8* ratios (CD4"*/
CD8™"). We studied CD4*/CD8™ over time to determine whether it predicts risk for select
comorbidities and mortality among aging PWH with viral suppression.

Methods: We studied HIV Outpatient Study (HOPS) participants prescribed ART during 2000-
2018 who achieved a viral load less than 200copies/ml on or after 1 January 2000, and remained
virally suppressed at least 1 year thereafter. We modeled associations of CD4*/CD8* with

select incident comorbidities and all-cause mortality using Cox regression and controlling for
demographic and clinical factors.

Results: Of 2480 eligible participants, 1145 (46%) were aged less than 40 years, 835 (34%)
40-49 years, and 500 (20%) > 50 years. At baseline, median CD4*/CD8" was 0.53 (interquartile
range: 0.30-0.84) and similar among all age groups (P= 0.18). CD4*/CD8* values and percentage
of participants with CD4*/CD8™ at least 0.70 increased within each age group (< 0.001 for

all). CD4*/CD8" increase was greatest for PWH aged less than 40 years at baseline. In adjusted
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models, most recent CD4*/CD8*less than 1.00 and less than 0.70 were independently associated
with higher risk of non-AIDS cancer and mortality, respectively.

Conclusion: Pretreatment immune dysregulation may persist as indicated byCD4*/CD8* less
than 0.70. Persistent viral suppression can improve immune dysregulation over time, reducing
comorbidity, and mortality risk. Monitoring CD4*/CD8* among ART-treated PWH with lower
values provide a means to assess for mortality and comorbidity risk.
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Introduction

Methods

With aging, the thymus gland progressively atrophies and the generation of new naive T
cells declines [1]. Data addressing the natural senescence of T-cell phenotypes suggest a
decline in naive CD4* lymphocyte cells (CD4"), a decline in naive and memory CD8*
lymphocyte cells (CD8*) but stable CD4* memory T-cell numbers with aging [2]. Thymic
volume is associated with the degree of CD4™ recovery after initiation of antiretroviral
therapy (ART) [3]. Research studies profiling the effects of aging on T-cell phenotypes
among people with HIV (PWH) have documented that age influences the degree of
improvement in CD4* cell counts with ART-induced sustained viral suppression among
PWH in care, particularly in the first 3-5 years of viral suppression, during which time,

a new plateau CD4* cell count is achieved, influenced by both age and nadir CD4* [4—
6]. However, PWH who are stably virally suppressed may not experience a decline in
T-cell subsets with age [7,8]. The effect of HIV disease duration or immune injury on
T-cell recovery among aging, virally suppressed PWH, or the disease effect on clinical
outcomes warrants further study. We sought to investigate the trends in CD4*/CD8 ratio
(CD4*/CD8*) by age group over time, and the associations between CD4*/CD8* and select
comorbid outcomes and mortality.

The HIV Outpatient Study

The HIV Outpatient Study (HOPS) is an ongoing, open, prospective cohort study of over 10
000 PWH (aged 18 years and older) seen in HIV-specialty clinics since 1993 [9]. The 10
clinics included in the present analyses are located in six cities in the United States: Tampa,
Florida (two sites); Washington, DC; Denver, Colorado (three sites); Chicago, Illinois (two
sites); Stony Brook, New York; and Philadelphia, Pennsylvania. All HOPS clinicians have
extensive experience treating PWH. Information was abstracted from outpatient charts
and/or electronic medical records at each visit, entered electronically by trained staff,
compiled centrally, reviewed, and cleaned before being analyzed. Abstracted information
included: demographic characteristics, HIV transmission risk activities, clinical diagnoses,
prescribed medications, laboratory values (including CD4* and plasma HIV RNA levels),
viral load, mortality, and hospitalization records (primarily from discharge summaries).
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Study population

Ethics

For this analysis, we selected HOPS participants with at least two clinical encounters, who
were seen any time during 2000-2018 and had a complete ART history. Included HOPS
participants had a viral load less than 200copies/ml on or after 1 January 2000, and remained
virally suppressed during the first year after baseline. We defined baseline date as the date of
first viral load test result less than 200 copies/ml on or after 1 January 2000. Analyses were
restricted to participants prescribed ART at baseline date, with a pre-ART CD4" available,
and at least 1 year of follow-up with at least one CD4* and CD8" value recorded during
observation. The present analysis is based on HOPS data current up to 30 June 2019.
Observation was discontinued at the earliest of death, last HOPS contact, inactive status date
(no participant encounters within the last 18 months, or terminating care at the site, or loss to
follow-up), or 31 December 2018.

Since its inception, the HOPS protocol has been reviewed and approved annually by CDC
(Atlanta, Georgia, USA), Cerner Corporation (Kansas City, Missouri, USA) and each local
site’s institutional review board. All participants provided written informed consent. The
study protocol conforms to the guidelines of the US Department of Health and Human
Services for the protection of human participants in research.

Outcome measures

We evaluated five incident clinical outcomes as well as all-cause mortality: dyslipidemia,
cardiovascular disease, renal disease, diabetes, and non-AIDS cancer (excluding non-AIDS
skin cancers) (Appendix A, http://links.lww.com/QAD/C438). Comorbidities were defined
based on diagnoses, laboratory measurements, and treatments documented in the patient
medical records [10]. Participants with evidence of such outcomes from at least one of the
three data sources were classified as having that outcome, except for cardiovascular disease,
diabetes, and dyslipidemia, for which evidence was required from at least two of the three
sources. If a comorbidity was documented at any time while under HOPS observation, it was
considered to be ongoing at the time of last observation.

Independent (predictor) variables

Demographic and disease factors including CD4*/CD8" over the course of observation
were the independent variables in this analysis. Baseline age was treated as a categorical
variable: less than 40, 40 to 49, and at least 50 years, whereas CD4*/CD8* was treated

as a categorical (<0.50, 0.50 to < 0.70, 0.70 to < 1.00,and = 1.00), binary (< 0.70 versus
>0.70) or continuous variable, with the higher values reflecting less immune dysregulation.
Baseline CD4* cell count values were those closest to baseline date, selecting values
recorded up to the baseline date plus 7days.

Statistical analyses

The goal of the analysis was to describe the effect of patient and disease factors
including CD4*/CD8™ at first virologic suppression on subsequent CD4*/CD8" trends over
time, and to describe associations between CD4*/ CD8* over time with select incident
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clinical outcomes of interest. We used Jonckheere—Terpstra test of trend for continuous
variables, and Cochran—Armitage test of trend for categorical variables to compare patient
characteristics by baseline age category. The Yates-corrected chi-square test was used to
compare proportion of incident clinical outcomes including cancers and deaths among

a quartile distribution of CD4*/CD8* values. We performed Cox proportional hazards
analyses to assess for associations of patient and disease factors including CD4*/CD8*
values during observation with these outcomes, sample size permitting. The multivariable
models included factors with P less than 0.2 in univariate analyses, and the final
multivariable models used backwards selection, where the factors with the highest P values
were excluded, in order, from each model. All analyses were performed using SAS 9.4 (SAS
Institute Inc., Cary, North Carolina, USA).

Among 11 179 HOPS participants in the HOPS database as of 30 June 2019, we identified
6368 with at least two HOPS encounters and complete ART history, 5033 under observation
during 2000-2018, 4425 with a viral load test result less than 200 copies/ml during
observation, 3115 with no viral load test result at least 200copies/ml during first year of
observation. We further limited our analysis cohort to 2480 participants with pre-ART CD4*
recorded and with at least 1 year of observation after baseline, during which at least one
CD4" and CD8" values were recorded (Fig. 1).

Of the 2480 participants, median duration of follow-up from baseline date to last HOPS
encounter was 7.4 years (interquartile range [IQR] = 4.1 — 12.2years). During the first 4
years of observation, 95, 91, and 86% of participants remained virally suppressed through
the second, third, and fourth years, respectively. Similarly, 96, 92, 88, and 86% did not have
a recorded treatment interruption (when there is a delay between stopping and restarting
ART regimens) of 14 or more days during the first, second, third, and fourth years of
observation (data not shown).

Among the 2480 participants, 46% were less than 40 years, 34% were 40-49 years, and 20%
were at least 50 years old (Table 1). Overall, median baseline age was 41 years; 82% were
men; 52% non-Hispanic/Latino (NHL) white, 32% NHL black, and 13% Hispanic/Latino.
Sixty percent were on their first ART regimen and 21% on their at least fourth regimen.
Fourteen percent had baseline CD4™ cell count less than 200 cells/ul. Across the three

age groups, the participants differed in their characteristics, including by race/ethnicity,
HIV transmission risk activity, years elapsed since recorded HIV date and calendar year
range when ART was started, education level, insurance type, current/prior smoking status,
number of ART regimens taken, ART regimen type taken at baseline, baseline CD4™ cell
count range, and CD4*/CD8" range (P < 0.05 for all), see Table 1. Additionally, there were
significant differences in the percentage with prevalent cardiovascular disease, nonAIDS
cancer, renal disease, dyslipidemia, and diabetes by baseline age group. Furthermore, the
number and percentage of participants in each age stratum with incident outcomes during
follow-up of non-AIDS cancer, renal disease, cardiovascular disease, dyslipidemia, diabetes
and mortality were assessed; because of the small number of outcomes observed for most
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conditions, subsequent regression analyses were performed only for non-AIDS cancer and
mortality (Table 1).

Baseline CD4*/CD8™" and the percentage of participants with CD4*/CD8" at least 0.70 were
similar among the three age groups. At baseline, the median CD4*/ CD8* (IQR) was 0.55
(0.31-0.88), 0.52 (0.31-0.81), and 0.49 (0.29-0.81) in the less than 40, 40-49 and, at least
50-year age groups, respectively (P = 0.18, Fig. 2a). At year 4, the median CD4*/CD8*
(IQR) was 0.80 (0.52-1.15), 0.73 (0.49-1.06), and 0.70 (0.45-1.00) across the three age
groups. The percentages of participants with CD4*/CD8* ratios at least 0.70 were 36, 32.1,
and 33.4% in the less than 40, 40-49, and at least 50-year age groups, respectively (P=
0.18, Fig.2b) at baseline, and they were 58.8, 52.4, and 50% at year 4. The CD4*/CD8*
and percentage of participants with CD4*/CD8* at least 0.70 increased significantly within
each age group during observation (P < 0.001 for all age groups). However, differences
across the age groups in both the median CD4*/CD8™" and the percentage of participants
with CD4*/CD8™ at least 0.70 (P < 0.05 for both measures) persisted at 1 through 4 years
after baseline (Fig. 2a and b). Figure 2c provides the inverse image of Fig. 2b, illustrating
the percentage of participants with CD4*/CD8"* less than 0.70 over time, by age group at
baseline.

In the analyses stratified by the four baseline CD4*/CD8™ categories, although CD4*/CD8*
increased during follow-up in each group by baseline CD4*/CD8* stratum (P< 0.05),
median values remained different between strata from baseline through year 4 (all < 0.001,
Fig. 3a). The percentage with CD4*/CD8™ at least 0.70 during years 1 through 4 decreased
for those with CD4*/CD8* at least 0.70 at baseline (all < 0.001) but did increase for those
with CD4*/CD8™ less than 0.70 at baseline (all £< 0.001, Fig. 3b).

Of the 153 cases of incident non-AIDS cancer, 146 had precancer CD4*/CD8* data and
were included in the regression modeling analysis. Participants with prevalent cancer were
excluded from this analysis, leaving 2424 participants for analysis. In univariate Cox
proportional hazards regression, age at least 50 years and having CD4*/CD8* less than

0.7 were associated with the outcome of non-AIDS cancer. In the final multivariable analysis
using backwards selection, age less than 40 years and age 40-49 years were each inversely
associated with the nonAIDS cancer outcome [adjusted hazard ratio (aHR) 0.16, 95%
confidence interval (Cl) 0.10-0.24, and aHR 0.41, Cl 0.28-0.58, respectively] compared
with age at least 50 years. Having less than seven alcoholic drinks per week (compared with
none) was associated with the outcome (aHR 1.62, 95% CI 1.14-2.30), as was most recent
CD4*/CD8* ofless than 0.5, 0.5 to less than 0.7, and 0.7 to less than 1.0 (aHR 2.82, 95%

Cl 1.80-4.42, aHR 1.98, 95% CI 1.21-3.24, and aHR 1.81, 95% CI 1.13-2.89, respectively)
compared with CD4*/CD8* at least 1.0 (Table 2).

There were 124 decedents. In univariate regression modeling analyses, factors associated
with all-cause mortality were age at least 50 years, male sex, non-Hispanic/Latino black
race/ethnicity, being a person who injects drugs (PWID), public insurance, being seen at

a public clinic, current or prior smoking, third or greater ART regimen, receiving ART
containing a protease inhibitor, and having CD4*/CD8" less than 0.70. Having Less than
seven alcoholic drinks per week or having baseline CD4* cell count of 350-499 cells/ul had
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an inverse association with the outcome. In the final multivariable analysis using backwards
selection, age less than 40 or 40-49years (aHR 0.24, 95% CI 0.14-0.41 and aHR 0.65,

95% CI 0.44-0.96, respectively, compared with =50 years) and female sex (aHR 0.52,

95% CI 0.28-0.98, compared with male sex) were each inversely associated with mortality,
while being a PWID (aHR 2.47, 95% CI 1.54-3.96 compared with MSM), current or

prior smoking (aHR 1.88, 95% CI 1.26-2.81, compared with those nota current or prior
smoker), receiving third or greater ART regimen (aHR 2.18, 95% CI 1.26-3.78 for third and
aHR 1.72, 95% CI 1.12-2.65 for fourth, respectively compared with first regimen), having
baseline CD4* cell count of 350-499 cells/ul (aHR 0.50, 95% CI 0.27-0.96, compared
with baseline CD4" cell count at least 500 cells/ul) and having most recent CD4*/CD8*
less than 0.50 or 0.50 to less than 0.70 (aHR 4.82, 95% CI 2.67-8.70 and aHR 2.46, 95%
Cl 1.31-4.62, respectively, compared with 1.00) were positively associated with mortality
(Table 2).

Discussion

In our large multicenter, longitudinally followed, prospectively observed cohort of PWH,
we found that immune dysregulation (defined as having CD4*/CD8* < 0.70) was common
and largely persisted among participants virally suppressed on ART. After adjusting for
baseline immune dysregulation, lower CD4*/CD8" was associated with greater mortality
and non-AIDS nonskin cancer risk. CD4*/CD8* values and the proportion of participants
with CD4*/CD8™ at least 0.70 increased within each age group over time, indicating some
reduction in immune dysregulation over time. In addition, age at the start of observation
influenced degree of recovery of the CD4*/CD8*, with people younger than age 40 at
baseline having a more pronounced recovery compared with older PWH. After controlling
for age, smoking status and sex, baseline immune dysregulation was positively associated
with mortality and non-AIDS nonskin cancer. Not only did people with a CD4*/CD8* of
less than 0.70 have greater risk of these outcomes but also the frequency of events decreased
with higher CD4*/CD8™" quartiles.

Suppression of CD4*/CD8* has been observed as an aspect of HIV-associated immune
suppression since the early days of the HIV pandemic [11], and greater rate of decline has
been associated with progression to an AIDS diagnosis [12]. HIV infection is associated
with accelerated involution of the thymus [1], the degree of which has been negatively
correlated with CD4* cell recovery after the initiation of antiretroviral therapy [3,13,14].
A low CD4*/CD8* has been associated with persistent T-cell dysregulation and markers of
immune senescence despite normalization of the absolute CD4* cell count with prolonged
ART-induced viral suppression [15,16].

Several studies have investigated the associations between CD4*/CD8* and clinical
outcomes or comorbidities. Some cohort studies found an association between lower CD4"/
CD8™" with cardiovascular disease risk and mortality, although this has not been a consistent
finding, in part, because of different study designs (i.e. retrospective case—control versus
prospective), populations (i.e. different racial compositions, age ranges, treatment types) and
a priori risk for cardiovascular disease [4,17-22]. Lower CD4*/CD8" is associated with
greater carotid artery intimal media thickness in people with well controlled HIV [23,24].
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There is a relative paucity of longitudinal data evaluating CD4*/CD8" over time. One
longitudinal observational cohort evaluated aging and long-term virologic control among
PWH and found no effect of advancing age on declines in CD4* cell count, but did not
specifically address the CD4*/CD8™ [7]. Another study investigated CD4*/CD8* and found
that older age reduced the likelihood of recovery to a ratio of1 or more [25]. This study

did not assess associated clinical outcomes. A more recent analysis of a large data set

from multiple pooled cohorts, The Antiretroviral Therapy Cohort Collaboration (ART-CC)
reported clear associations of nadir CD4* cell count and age with CD4*/CD8* recovery
among PWH with prolonged HIV viral suppression but did not evaluate any associated
clinical outcomes [26]. An earlier article from the same group did not find an association of
CD4*/CD8* with non-AIDS mortality [27].

Another recent study focused on predictors of comorbidities in PWH who were persistently
virologically suppressed and did not demonstrate an association between CD4*/CD8* with
any comorbidity except for neurocognitive dysfunction [21]. This study sample was much
smaller than the current study and may have lacked adequate power to identify associations
that we observed in our cohort.

Our analysis is subject to some limitations. First, routinely collected medical abstraction
data involves variability in the timing of participant healthcare contact screenings, including
measurements of CD4*/CD8*, potentially leading to some information bias. A fraction

of patients had preexisting comorbidities at the start of observation for this analysis,

thus we focused on evaluating the association between baseline CD4*/CD8* and incident
comorbidities first documented in follow-up, excluding baseline prevalent diagnoses. Also,
the overall inferences regarding the association of CD4*/CD8" with comorbid outcomes
and mortality were generated from observational data during a prolonged calendar time (18
years), when combination antiretroviral therapy (CART) use patterns evolved. Our findings
may have been different had we restricted our analysis to participants treated exclusively
with newer CART regimens; this latter group is challenging to evaluate because of the
decreasing overall number of incident events, including deaths, observed over calendar time.
Finally, our findings were based on data from 10 HIV-specialty public and private clinics,
where provider-prescribing preferences may vary. Our findings may not be generalizable to
patients in other clinical settings or not in HIV care.

Our findings indicate that there are effects consequent to both aging and the degree

of baseline immune dysregulation that influence long-term ability to recover immune
function, even after years of viral suppression, and appear to have clinical consequences
extending to non-HIV comorbidities and mortality. Persistent viral suppression does lead to
improvements in immune dysregulation over time, as measured by changes in CD4*/CD8*,
which appear to diminish the risk of comorbidities and mortality. Monitoring CD4*/CD8*
amongvirally suppressed ART-treated PWH with lower CD4*/CD8" provide a means to
assess for mortality and comorbidity risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HOPS participants as of
6/30/2019
n=11,179

Page 11

A

Participants with = 2 HOPS
encounters and complete
ART history recorded
n=6,368

Excluded: < 2 encounters and
incomplete ART history
recorded
n=4,811

W

Any HOPS encounter
between 2000-2018
n=5,033

Excluded: not under
observation during 2000-2018
n=1,335

=

Participants with viral load
test result < 200 copies/mL
during observation (1st
viral load is baseline date)
n=4,425

Excluded: no viral load test
result < 200 copies/mL during
observation window
n=608

Participants with no viral
load test result =200
copies/mL during 1st

observation year
n=3,115

Excluded: viral load test result
> 200 copies/mL during 1st
observation year, or not taking
ART at baseline
n=1,310

Participants with = 1 year
follow-up, pre-ART CD4
and at least one CD4 and
CD8 recorded during
observation
n=2,430

Excluded: < 1 year follow-up
or no pre-ART CD4 recorded
n=635

Participants < 40 years of
age at baseline
n=1,145

Participants 40-49 years
of age at baseline
n=835

Participants = 50 years of
age at baseline
n=500

Fig. 1. Selection steps flowchart of patients included in the current analysis, the HIV Outpatient

Study 2000-2018, N = 2480.
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Page 12

——< 40 years -#-40-49 years 2 50 years
0 1 2 3
Year of follow-up

Baseline age, P-value*
years Year 0 Year 1 Year 2 Year 3 Year4 across time
<40 1.145 1.022 943 843 735 < 0.001
CD4/CD8 0.55 0.69 0.73 0.80 0.80
median (IQR)  (0.31-0.88) (0.44-1.01) (0.48-1.07) (0.50-1.12) (0.52-1.15)
40-49 835 735 693 605 574 < 0.001
CD4/CD8: 0.52 0.63 0.69 0.69 0.73
median (IQR)  (0.31-0.81) (0.41-0.92) (0.46-1.02) (0.45-1.03) (0.49-1.06)
=50 500 448 425 370 322 < 0.001
CD4/CD8: 0.49 0.61 0.63 0.68 0.70
median (IQR)  (0.29-0.81) (0.38-0.92) (0.40-0.99) (0.43-1.06) (0.45-1.00)
P-value® across
age groups 0.18 < 0.001 0.003 < 0.001 =< 0.001

* Jonckheere-Terpstra test of trend
Abbreviation: IQR, interquartile range.
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(b)
60
——< 40 years -#-40-49 years 2 50 years » v
o
R 55
o
Al
0
(8]
~
a
O 45
=
=
3
= 40
(]
3]
o
o 35 /
30
0 1 2 3 4
Year of follow-up
P-value®
Baseline age. across
years Year 0 Year 1 Year 2 Year 3 Year 4 time
<40 1.145 1.022 943 843 735 <0.001
20.70, n (%) 412 (36.0) 501(49.0) 491(521) 493 (58.5) 432 (58.85)
40-49 835 735 693 605 574 < 0.001
2 0.70. n (%) 268 (32.1) 309 (42.0) 343(49.5) 296(48.9) 301(524)
z50 500 448 425 370 322 <0001
= 0.70. n (%) 167 (33.4) 174 (38.8) 187 (44.0) 176 (47.6) 161 (50.0)
P-value® across
age groups 0.18 < 0.001 0.007 < 0.001 0.004

* Cochran-Armitage test of trend.
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(©)

Page 14

7
0 ——< 40 years -=-40-49 years 2 50 years
o .\
R 65
o
Vv
[
® 60
(S}
—~—
S
o 55
=
=
3
)]
(3]
o
a 45
40
0 1 2 3 4
Year of follow-up
P-value*
Baseline age, across
years Year O Year 1 Year 2 Year 3 Year 4 time
<40 1,145 1,022 943 843 735 <0.001
<0.70, n (%) 733 (64.0) 521 (51.0) 452 (47.9) 350 (41.5) 303 (41.2)
40-49 835 735 693 605 574 <0.001
<0.70, n (%) 567 (67.9) 426 (58.0) 350(50.5) 309 (51.1) 273 (47.6)
250 500 448 425 370 322 <0.001
<0.70, n (%) 333 (66.6) 274 (61.2) 238(56.0) 194(52.4) 161 (50.0)
P-value* across
age groups 0.18 < 0.001 0.007 <0.001 0.004

* Cochran-Armitage test of trend.

Fig. 2. (a) Median CD4*/CD8" by baseline age group and year of follow-up, the HIV Outpatient

Study, 2000-2018, N = 2480.

*Jonckheere~Terpstra test of trend. IQR, interquartile range. (b) Percentage of participants
with CD4*/CD8™ at least 0.70 by baseline age group and year of follow-up, the HIV
Outpatient Study, 2000-2018, N = 2480. *Cochran—Armitage test of trend. (c) Percentage of
participants with CD4*/CD8* less than 0.70 by baseline age group and year of follow-up,
the HIV Outpatient Study, 2000-2018, N = 2480. *Cochran—-Armitage test of trend.
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(a)
1.60
<0.50 ——0.50 to < 0.70 ——0.70 to < 1.00 ——21.00
1.40
1.20
w 1.00 —
5] —
< 0.80 ; R [
8 3 =
0.60 —
0.40
0.20
0.00
0 1 2 3 4
Year of follow-up
P-value*
Baseline CD4/CD8 Year O Year 1 Year 2 Year 3 Year 4 across time
<0.50 1,172 1,064 994 881 798
CD4/CD8: 0.29 0.41 0.46 0.5 0.52 <0.001
median (IQR) (0.18-0.39) (0.28-0.55 (0.32-0.62) (0.34-0.70) (0.36-0.73)
0.50t0 <0.70 461 414 392 335 314
CD4/CD8: 0.60 0.69 0.75 0.78 0.79 < 0.001
median (IQR) (0.55-0.65) (0.60-0.84) (0.61-0.92) (0.62-0.98) (0.65-1.00)
0.70to < 1.00 417 364 340 301 257
CD4/CDS8: 0.83 0.92 0.97 0.96 0.99 <0.001
median (IQR) (0.77-0.90) (0.78-1.09) (0.82-1.17) (0.80-1.23) (0.81-1.21)
21.00 430 363 335 301 262
CD4/CDS8: 1.25 1.36 1.39 1.39 1.40 0.049
median (IQR) (1.11-1.54) (1.10-1.63) (1.13-1.66) (1.12-1.75) (1.12-1.77)
P-value* across
baseline CD4/CD8 ranges < 0.001 < 0.001 <0.001 <0.001 <0.001

* Jonckheere-Terpstra test of trend

Abbreviation: IQR, interquartile range.
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(b)

Percent with CD4/CD8 = 0.70

Page 16
<0.50 0.50 to < 0.70 ——0.70to <1.00 ——2>1.00
100 —
80 —
70
60
50
40
30
20
10
0
0 1 2 3 4
Year of follow-up
P-value*
Baseline CD4/CD8 Year 0 Year 1 Year 2 Year 3 Year 4 ACross fime
<0.50 1172 1,064 994 881 798 <0.001
=0.7,n(%) 0(0.0) 117 (11.0) 175 (17 6) 219 (24.9) 219 (27 4)
050t0<0.70 461 414 392 335 314 <0.001
=0.7,n(%) 0(0.0) 202 (48.8) 228 (58.2) 208 (62.1) 207 (65.9)
0.70to<1.00 417 364 340 301 257 =0.001
=0.7,n(%) 417 (100.0) 315 (86.5) 296 (87.1) 254 (84 4) 223 (86.8)
=1.00 430 363 335 301 262 =0.001
=0.7,n(%) 430 (100.0) 350 (96.4) 322 (96.1) 284 (94 4) 245(93.5)
P-value* across
baseline CD4/CD8 ranges <0.001 =0.001 <0.001 <0.001 <0.001

* Cochran-Armitage test of trend.

Fig. 3. (a) Median CD4*/CD8" by baseline CD4*/CD8* range and year of follow-up, the HIV

Outpatient Study, 2000-2018, N = 2480.

*Jonckheere-Terpstra test of trend. IQR, interquartile range. (b) Percentage of participants
with CD4*/CD8™ at least 0.70 by baseline CD4*/CD8* range and year of follow-up, the HIV

Outpatient Study, 2000-2018, N = 2480. *Cochran-Armitage test of trend.
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