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Abstract
Background—Recent studies suggest higher cumulative HIV viraemia exposure measured as
viraemia copy-years (VCY) is associated with increased all-cause mortality. The objectives of this
study are (a) report the association between VCY and all-cause mortality, and (b) assess
associations between common patient characteristics and VCY.

Methods—Analyses were based on patients recruited to the Australian HIV Observational
Database (AHOD) who had received ≥ 24 weeks of antiretroviral therapy (ART). We established
VCY after 1, 3, 5 and 10 years of ART by calculating the area under the plasma viral load time-
series. We used survival methods to determine the association between high VCY and all-cause
mortality. We used multivariable mixed-effect models to determine predictors of VCY. We
compared a baseline information model with a time-updated model to evaluate discrimination of
patients with high VCY.

Results—Of the 3021 AHOD participants that initiated ART, 2073(69%), 1667(55%),
1267(42%) and 638(21%) were eligible for analysis at 1, 3, 5, 10 years of ART respectively.
Multivariable adjusted hazard ratio (HR) association between all-cause mortality and high VCY
was statistically significant, HR 1.52(1.09, 2.13), p-value=0.01. Predicting high VCY after one-
year of ART for a time-updated model compared to a baseline information only model, the area
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under the sensitivity/specificity curve (AUC) was 0.92 vs. 0.84; and at 10 years of ART, AUC:
0.87 vs. 0.61 respectively.

Conclusion—A high cumulative measure of viral load after initiating ART is associated with
increased risk of all-cause mortality. Identifying patients with high VCY is improved by
incorporating time-updated information.

Keywords
viraemia copy-years; viremia copy-years; community viral load; HIV mortality; long-term
antiretroviral therapy

Introduction
A number of different but related trends are resulting in an increased proportion of persons
living with HIV being treated at an earlier time. These include better medicines, some
evidence of clinical benefit to individual patients as a result of earlier treatment, and the
public health benefits of a test and treat philosophy aimed at lower rates of community
transmission of HIV [1,2]. The potential success of a treatment as prevention strategy rests
entirely on high levels of treatment efficacy facilitating a reduction of the “community viral
load” or overall transmission virus pool. Outside of the tightly controlled, yet successful
environment of randomized clinical trials [3] or the theoretical realms of mathematical
modeling [4], there are conflicting evidence of treatment as prevention reducing overall HIV
incidence at a community level [5,6]. Following these observations and the likelihood of
similar scale up in other regional programs, surveillance to identify subsets of the treated
population who experience viral blips and rebounds while receiving antiretroviral therapy
(ART) will become increasingly important. A single cross sectional measure of the
proportion of the treated population having detectable plasma HIV viral load (pVL) does not
capture the length of time with detectable circulating virus (an indication of transmission
risk [7]) or capture subsets of the populations with continual blips and rebounds while
receiving ART. A cumulative viral load measure might better capture these occurrences [8].

Monitoring response to ART in resource-rich settings is largely carried out through a series
of periodic laboratory tests, typically plasma HIV viral load and CD4 cell counts. Whilst
conventional cross-sectional studies of pVL have proven an invaluable tool for monitoring
response to therapy as well as in translational, clinical and prevention research [9], until
recently, the pVL measure was rarely examined as a serially collected biomarker. There is a
growing body of evidence to suggest that an assessment of an individual’s overall HIV
burden using a cumulative metric, e.g. viraemia copy-years, is better able to predict
important clinical outcomes such as mortality compared with selected cross-sectional pVL
measurements and time-updated CD4 cell counts [9–12]. At an individual patient level,
identifying new additional risk factors contributing to mortality risk is an important step to
understand the current drivers of the commonly observed excess mortality in HIV
populations [13–16]. Furthermore at a population level evaluating the cumulative viral
burden within a population might be useful for identifying population subgroups
contributing to the virus transmission pool while receiving ART.

To date there has been very limited research assessing the determinants of cumulative viral
burden as reflected in viraemia copy-years. An understanding of the characteristics of people
living with HIV at risk for experiencing a greater HIV burden after initiation of ART might
be clinically relevant and useful for targeted interventions for reducing the number patients
at risk of high cumulative viraemia exposure. The objectives of this analysis are, (1) report
the association between increasing viraemia copy-years and all-cause mortality, (2) assess
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associations between common patient characteristics and viraemia copy-years, and finally
explore any differences in determinants when considering two sets of risk factors, (i) factors
known at ART initiation, and (ii) factors known at ART initiation and their time-updated
equivalents.

Methods
Analyses were based on patients recruited to the Australian HIV Observational Database
(AHOD), an ongoing longitudinal cohort study for which a comprehensive description has
been previously described elsewhere [17]. Briefly, AHOD data are collected from 29 sites
throughout Australia including hospital tertiary referral centres, sexual health clinics and
general medical practices with a special interest in HIV. Data for AHOD are collected every
6 months on a core set of demographic and clinical variables including sex, age, HIV
exposure, hepatitis B virus surface antigen (HBsAg), hepatitis C virus antibody (HCV), CD4
and CD8 cell counts, plasma HIV viral load, antiretroviral treatment history, AIDS illnesses
and date and cause of death. Data collection commenced in 1999 and retrospective clinical
data collected prior to the establishment of the cohort are provided where available. Data are
transferred electronically to the Kirby Institute and are subjected to quality control and
quality assurance procedures. Written informed consent was obtained at time of cohort
enrolment. Ethics approval for AHOD was granted to all participating sites by relevant
Human Research Ethics Committees (HREC).

The data selected for this analysis includes all data collected from participants in AHOD
who commenced their first ART regimen after 1st January 1996. We defined ART as a
combination of 3 or more different antiretroviral agents. Patients were included in the
analysis if they received at least 24 weeks of ART and had a known CD4 cell count and
plasma HIV-RNA viral load at ART initiation and subsequently at 24 weeks of therapy. We
selected the closest CD4 cell count to ART initiation date within a 6-month prior and 1-
month post window of starting ART. Similarly for pVL at ART initiation, the measurement
closest to ART initiation date within a 12-month prior and 1-week post ART window was
selected. CD4 and pVL at 24 weeks of ART were taken as the values recorded on the closest
measurement date to 24 week ART initiation within a window of ±3 months. Furthermore,
patients were included in the analysis only if they recorded at least three pVL measurements
following 24 weeks of ART. Patents were censored at the first instance where the time
between sequential pVL measurements was greater than 1-year.

Viraemia Copy Years (VCY) after initiating ART
For each patient, we determined VCY by calculating the area under the pVL time series
using the trapezoidal rule (Figure 1). VCY is a monotonic increasing measure with time
capturing the cumulative exposure of circulating HIV viraemia, a measure akin to smoking-
pack-years. A person with a VCY of 10,000 copy-years at 1 year of ART is equivalent of
being exposed to 10,000 copies/ml of pVL each day for a year, or 1,000 copies/ml pVL each
day for 10 years. For consistency with the current VCY literature, we applied a set of pVL
boundary constraints on the maximum and minimum values. Over time there have been
many varying levels of assay sensitivity for detecting circulating viraemia. In the early era of
treatment, assessment of pVL was limited by an assay sensitivity detection limit of 500
copies/ml. Recent periods have seen assay sensitivity levels as low as 20 copies/ml. Through
most of our observed time period (1996 – 2011) we were completely unable to determine a
pVL value of 0 copies/ml value, therefore we assumed persistent circulating viraemia below
the detection limit and took this value to be the midpoint between the detection limit and 0
[9]. For example, if reported pVL is <500 copies/ml, we recode this figure as 250 copies/ml.
Similarly if the reported pVL is <20 copies/ml, we recode this value as 10 copies/ml. At the
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other end of the measurement scale, due to assay sensitivity limits, we set pVL values
>1,000,000 copies to be 1,000,000 copies/ml.

Association of VCY and survival
Building on previous modeling work evaluating long-term survival in AHOD [15], we used
multivariable Cox proportional hazards to assess the association between all-cause mortality
and, (a) time-updated per-log increase in VCY, and (b) VCY>105 copy-years (referred
henceforth as high VCY). We assessed statistical significance at an α=0.05 threshold. The
survival models were adjusted for time-updated age, mode of HIV exposure, time-updated
AIDS defining illness, HBVsAg positive (ever), time-updated CD4 cell count, time-updated
pVL and time-updated ART regimen number. We used Kaplan-Meier curves to assess the
association between all-cause mortality and time-updated high VCY stratified by CD4 cell
count grouping (0–150, 150–350, >350 cells/μL) at ART initiation. We started counting
person-years from 6-months post ART initiation and used a log-rank test to assess the
equivalence of survival distributions.

Determinants of VCY
We used an a priori adjusted multivariable maximum likelihood linear mixed effect models
to assess determinants of VCY. We simultaneously adjusted for within patient and between
patient variations through the specification of a random intercept and slope coefficient. We
log10 transformed our response variable (VCY) to impose a multiplicative interpretation of
the β-coefficient parameter estimate. In modelling log10(VCY), a β-coefficient estimate of
less than 0 is equivalent to a percentage reduction on the real scale, i.e. a difference of −0.5
on the log10 scale is equivalent to a 68% reduction on the real scale. Similarly, a β-
coefficient greater than 0 is equivalent to a factor increase on the real scale, i.e. 0.5 on the
log10 scale is equivalent to a 3.2 factor increase on the real scale.

As a sensitivity analysis we recalculated all β-coefficient parameter estimates from data
based on recent treatment periods, i.e. participants who initiated therapy in the post-SMART
(Strategic Management of ART - evaluating scheduled treatment interruptions [18]) era
following 1st January 2006. All statistical modeling calculations were performed using R
version 3.02 [19] and the statistical packages lme4 [20] and survival [21].

We assessed baseline (time of ART initiation) and time updated determinants of VCY. We
evaluated the following patient characteristics; age at ART initiation (<30, 30–40, 40–50,
>50 years old); sex; HIV exposure (men who have sex with men, heterosexual, injecting
drug user, other, unknown); patient care setting (general practitioner, sexual health clinic,
hospital clinic); hepatitis B coinfection, hepatitis C coinfection; time-updated AIDS illness.
We examined the following treatment related baseline and time-updated factors; treatment
naïve prior to initiating ART; year of ART initiation; initial ART anchor agent, 2 N(t)TRI +
(NNRTI, PI, Other); time-updated number of regimen modifications (0, 1–2, 3–5, 6–10,
>10); time-updated total time (percentage of follow up) of treatment interruption (0%, 0.1–
5%, 5.1–20%, 20.1–50%, >50%). We also evaluated the following immunological and
virological related baseline and time-updated factors; CD4 cell count at ART initiation (0–
200, 201–350, 351–500, >500 cells/μL); pVL at ART initiation (100–104, 104–105, >105

copies/ml); time-updated CD4 cell count (0–200, 201–350, 351–500, >500 cells/μL).

We compared the model fits between baseline factors and baseline factors plus time updated
factors using standard model fit measures, AIC and BIC. To assess significant differences
between the models fits, we perform an analysis of variance likelihood ratio test. We
determined the adequacy of model fit by comparing at each time point (1, 3, 5 or 10 years of
ART) the predicted mean VCY versus observed mean VCY split by ordered observed VCY
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deciles. The ordered statistics approach visually evaluates the mean VCY model prediction
spread along the whole VCY distribution, including the tails/extreme ends of the VCY
distribution. We further evaluated the models by measuring the ability of each model to
identify patients with high VCY. We used a higher area under the sensitivity/specificity
curve metric to deduce better discriminatory performance.

Results
Of the 3021 AHOD patients who initiated ART and followed for at least 6 months while
receiving ART, 2073 (69%), 1667 (55%), 1267 (42%) and 638 (21%) were eligible for
analysis at 1, 3, 5, 10 years of ART respectively. During the analysis period there were a
total of 142 deaths reported from 15,385 person years of follow up while receiving ART
(crude mortality rate: 9.2 [7.8, 10.8] per 1000 person-years). A total of 652 persons had a
gap of more than 1-year between subsequent pVL measurements (rate: 4.2 [3.9, 4.6] per 100
person-years). The patient characteristics of the analysis population are outlined in Table 1.
There are minimal differences proportionally between each factor over duration of ART.
AHOD participants are typically men who have sex with men, middle aged, hepatitis B and
C negative, were treatment naïve prior to initiating ART in 1996–2004 and commenced
therapy with a CD4 cell count <350 cell/μL. Of the AHOD participants that initiated ART
and were excluded from the analysis due to missing CD4/pVL measurements, there are
minimal differences between patient characteristics when comparing to participants included
in the analysis at time point 1.

VCY after initiating ART
Mean (95% confidence interval) VCY at 1, 3, 5 or 10 years of ART were 204 (182 to 229),
1,862 (1,622 to 2,138), 5,129 (4,467 to 6,026) and 19,953 (16,596 to 24,547) respectively.
On the log10 scale, mean (95% confidence interval) VCY at 1, 3, 5 or 10 years of ART were
2.31 (2.26 to 2.36), 3.27 (3.21 to 3.33), 3.71 (3.65 to 3.78) and 4.3 (4.22 to 4.39) log10
respectively. The observed empirical VCY distributions at each time point are shown in
Figure 2, column panel (I). The crosshatched shading region represents the threshold of the
expected viraemia copy-years for a person who has strictly controlled their pVL below 500
copies/ml over time while receiving ART. The hatched shading region identifies the
threshold of high VCY. At 1 and 3 years duration of ART, the median VCY is on the cusp
of the threshold indicating that approximately 50% of the population has maintained
undetectable levels of pVL. Extending out to 10 years duration of ART, the data indicate
that approximately 25% of the population at this time has maintained undetectable levels of
pVL while receiving ART.

Association of VCY and Survival
The multivariable adjusted hazard ratio (HR) association between all-cause mortality and
time-updated per-log increase in VCY was not statistically significant, HR 1.14 (0.94, 1.38),
p-value=0.19. However the multivariable adjusted HR association between all-cause
mortality and high VCY was statistically significant, HR 1.52 (1.09, 2.13), p-value=0.01.
Supplemental Digital Content 1 illustrates the calculated multivariable HR estimates for the
adjustment covariates in the survival models for each VCY characterisation are similar in
both magnitude and direction of association. Figure 3 outlines the at-risk population and
Kaplan-Meier survival curves of time-updated high/low VCY stratified by CD4 cell count at
ART initiation.

Determinants of VCY after initiating ART
The multivariable model using predictors known only at ART initiation showed the
following factors significantly associated with VCY (Table 2): (negative relationship,
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decreasing VCY), older age (p<0.01), mode of HIV exposure compared to IDU (p=0.02),
higher CD4 cell counts at ART initiation (p<0.01), treatment naïve at ART initiation
(p<0.01); and (positive relationship, increasing VCY) HCV coinfection (p=0.03), a non-
NNRTI anchor initial ART regimens (p<0.01) and higher pVL at ART initiation (p<0.01).
The multivariable model using time updated predictors showed the aforementioned factors
to be similarly significantly associated with VCY, with the exception of HCV coinfection
and the inclusion of a significant negative association between female and VCY. Of the
time-updated factors, an increase in the number of regimen changes was strongly associated
with increased VCY (p<0.01), as well as increases in the total proportion of treatment
interruption time being associated with increased VCY (p<0.01). Time updated increasing
CD4 cell counts indicated a strong negative relationship with VCY (p<0.01), i.e. lower VCY
was associated with greater time-updated CD4 cell counts, Table 2. The AIC model fit
criteria for the baseline factor model was 13773 and for the time-updated model 11050. The
analysis of variance likelihood ratio test was significant (p=<0.01), indicating a superior
model fit using time-updated information. Similar results were found using data restricted to
participants who initiated ART after 1 January 2006 (Supplemental Digital Content 2).

Figure 2, column panel (II) shows the overall general model fit of VCY for baseline and
time updated models. Both the baseline and time updated models indicate departures from
observed to fitted means at the lower and higher deciles of the ordered VCY distribution.
Both baseline and time-updated predictive models broadly over-fit the lower VCY mass of
the observed empirical distribution and under fit the upper mass of the distribution.
However, translating the models to predict a dichotomised outcome (high/low VCY), the
time-updated model is indicative of a reasonable discriminatory power. This finding was
consistent across 1, 3, 5 and 10 years duration of ART, Figure 2 column panel (III).

Discussion
Our analysis has shown that a high cumulative measure of viral load after ART initiation is
associated with all-cause mortality independent of an adjustment for time updated recent
plasma viral load and time updated CD4 cell count. Furthermore we have identified several
predictors of viraemia copy-years and established that incorporating time-updated
information is necessary to adequately predict a marker of high VCY. Our data also
demonstrates for a population receiving ART, episodic viral rebound during continual
therapy contributes to a large proportion of patients with a high VCY well above the
expected VCY of a strictly virologically suppressed population.

The literature examining the association between a measure of cumulative viral load
(viraemia copy-years) and all-cause mortality while receiving ART are conflicting. Two
separate research groups have demonstrated an increasing risk of mortality with per-log
increasing VCY while adjusting for most recent pVL measure, group 1: HR 1.44 (1.07,
1.94) [9]; group 2: RR 1.52 (1.28, 1.82) [12]. Another study found that although VCY is
predictive of mortality following ART initiation in a univariate model, following adjustment
for most recent pVL, the VCY measure was no longer significantly predictive of mortality
[22]. Our results presented in this analysis fit between these reported findings. The HR
calculated from our data, which includes adjustment for recent CD4 cell count and recent
pVL was smaller in magnitude and not statistically significant. However, the confidence
intervals of our HR estimate however overlap with confidence intervals from the previously
reported significant associations. Investigating further, the increased mortality association
for a dichotomous indicator of high VCY further supports the notion of an increasing
mortality risk with increasing VCY.
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Our data also contributes to the existing literature through examination of the mortality
association of high VCY stratified by CD4 cell count at start of ART initiation (Figure 3). In
this instance, independent of baseline ART CD4 cell count, we see that populations with a
marker of high VCY experience higher rates of all-cause mortality. Given that VCY in this
study is calculated following 24 weeks of ART, the VCY measure calculated here excludes
any cumulative virus exposure experienced prior to initiating ART. Based on the established
pVL and CD4 relationship [23] for non-treated populations, we would expect that persons
initiating ART with low CD4 cell counts (<200 cells/μL) would have a much higher
duration of infection, pointing to a higher cumulative viral burden exposure than those with
a shorter duration of infection, i.e. who initiate therapy at higher CD4 cell counts (>350
cells/μL). The Kaplan-Meier curves illustrate the absolute importance of aiming for
virological control while receiving ART, particularly for those who initiated therapy at
lower CD4 cell counts (e.g. persons presenting late into care with advanced HIV infection)
where it has been established are at higher risk of death.

There is not a large established base of determinants of cumulative viral burden. A recent
small cohort study which directly aimed to evaluate factors associated with 2 year viraemia
copy-years found that in a multivariable analysis, the only significant association was
clinical visit adherence [8]. The authors reported an increase in VCY for participants who
missed scheduled clinical appointments. In our study we were not able to evaluate this
association with our data as we do not collect patient visit schedules.

In our assessment of factors associated with VCY, we note two important points. Firstly, we
established that incorporating time-updated information, including treatment information,
vastly improves discriminatory power to identify populations with increased VCY while
receiving ART for up to 10 years. Secondly, to establish the robustness of our determinants
and as a sensitivity analysis to isolate changes in treatment management strategies over time,
we showed that recalculating associations based on recently treated participants (initial
treatment after 1 January 2006) the majority of factor associations qualitatively maintained
the same interpretation. However they were mostly not statistically significant, likely due to
limited statistical power with a smaller sample sizes. Exceptions to this statement included
two determinants, initial ART anchor agent and number of ART modifications. We
speculate that the clear change in direction for these factor associations are due to improved
second-generation protease inhibitor antiretroviral agents and better understanding of when
to switch therapy for patients [1]. For example, first generation protease inhibitors compared
to non-nucleoside reverse transcriptase inhibitors have been shown to be less virologically
efficacious [24].

The evolution of the empirical VCY distribution over the duration of ART (Figure 2)
reiterates the need for continual viral suppression for persons receiving ART, as has been
highlighted in the SMART study of treatment interruptions increasing all-cause mortality
[18]. At an individual level, our results show that a measure of high cumulative viral burden
is important for predicting mortality after adjustment for recent CD4 cell count and recent
pVL. At a population level, VCY might also useful as an indicative measure of total
community virus burden in a population receiving antiretrovirals. In order for a treatment as
prevention strategy to be successful, year-on-year, the majority of the empirical VCY
distribution must be lower than an ideal threshold based on an acceptable level of pVL (in
this example we have used <500 copies/ml). A recent AHOD study, stratified by treatment
initiation calendar year period, examined the cross sectional proportion of participants where
pVL was detectable (>400 copies/ml) while receiving ART [25]. The authors reported
relatively low proportions of detectable participants while receiving therapy, approximately
13%, however the authors note that HIV diagnoses in Australia are steadily increasing year-
on-year over the same analysis period. As a surveillance tool, a measure of population
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cumulative viral burden which captures duration of time detectable might be useful for
evaluating targeted HIV prevention strategies.

There are several important limitations of this work worth mentioning. In calculating the
association between VCY and all-cause mortality, we did not adjust our estimates for
confounding due to patient lost to follow-up, visit frequency, or prior time VCY density
using inverse probability weighting as done by Mugavero et al [9]. It is likely that those lost
from care are at a greater risk of death, therefore our results might underestimate the all-
cause mortality risk. Furthermore, due to the analysis design we are not able to assess any
survivor bias due to including only participants that survived to receive 24 weeks of ART.
We were also unable to make adjustments for viral blips/rebounds due to lifestyle and
behavioral confounders [26]. In this analysis we are not reporting the causality of increased
VCY on all-cause mortality, rather, we reporting and confirming previously observed
associations using a different set of cohort data. Additionally, in our analysis due to data
collection limitations, we were unable to identify and adjust for those patients who ceased
ART due to a palliative care management plans but still maintained routine HIV monitoring
schedules. We acknowledge that many different analytical methods can be used to identify
determinants/associations of VCY, including the detailed modelling of factor-response
relationships. Future analyses using robust statistical methods as well as modern model
selection procedures might adjust for some impacts of the aforementioned limitations.

In summary, our analysis has shown that a high cumulative measure of viral load after
initiating ART is associated with increased risk of all-cause mortality. Furthermore we have
identified several determinants of viraemia copy-years, possibly useful for identifying
subpopulations with increased HIV viraemic burden. We have also established that
incorporating time updated information is necessary to adequately predict a dichotomised
marker of high VCY. Finally, our data also demonstrates that for a population receiving
ART for up to 10 years, episodic viral blips/rebound during continual antiretroviral therapy
shifts the majority of an empirical VCY distribution mass above the theoretical expected
VCY threshold for a population that continually achieves virus suppression. This indicates
surveillance need for monitoring on treatment pVL levels under a treatment as prevention
strategy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Example calculation of 10 year viraemia copy-years after initiating ART. Black dots
indicate the pVL value used to calculate the VCY, grey dots indicate pVL value assay
detection limit of record.
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Figure 2.
(I) Empirical viraemia copy-year distribution by duration of ART, (II) Overall model fit by
model type and duration of ART, (III) Sensitivity/Specificity curve of predicting VCY>105

by duration of ART.
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Figure 3.
Kaplan-Meier all-cause mortality survival of low VCY versus high VCY (time updated)
stratified by CD4 cell count at ART initiation.

Wright et al. Page 13

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 May 01.

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

Wright et al. Page 14

Ta
bl

e 
1

A
na

ly
si

s 
st

ud
y 

po
pu

la
tio

n 
pa

tie
nt

 c
ha

ra
ct

er
is

tic
s 

by
 d

ur
at

io
n 

of
 A

R
T

.

D
ur

at
io

n 
of

 c
om

bi
na

ti
on

 A
R

T
E

xc
lu

de
d 

P
op

ul
at

io
n3

 (
n=

99
8)

F
ac

to
r

L
ev

el
1 

ye
ar

 (
n=

20
73

)
3 

ye
ar

s 
(n

=1
66

7)
5 

ye
ar

s 
(n

=1
26

7)
10

 y
ea

rs
 (

n=
63

8)
P

2

A
ge

 a
t 

A
R

T
 in

it
ia

ti
on

 (
ye

ar
s)

<
30

24
1 

(1
2)

17
2 

(1
0)

13
0 

(1
0)

65
 (

10
)

0.
94

13
6 

(1
3)

30
 to

 3
9

80
1 

(3
9)

66
4 

(4
0)

49
7 

(3
9)

24
2 

(3
8)

39
6 

(4
0)

40
 to

 5
0

63
1 

(3
0)

51
0 

(3
1)

39
4 

(3
1)

20
6 

(3
2)

31
6 

(3
2)

>
50

40
0 

(1
9)

32
1 

(1
9)

24
6 

(1
9)

12
5 

(2
0)

15
0 

(1
5)

Se
x

M
al

e/
T

ra
ns

ge
nd

er
19

55
 (

94
)

15
73

 (
94

)
11

91
 (

94
)

60
2 

(9
4)

0.
98

93
6 

(9
4)

Fe
m

al
e

11
8 

(6
)

94
 (

6)
76

 (
6)

36
 (

6)
62

 (
6)

M
od

e 
of

 E
xp

os
ur

e
M

SM
15

72
 (

76
)

12
68

 (
76

)
96

3 
(7

6)
50

2 
(7

9)
0.

93
71

5 
(7

2)

H
et

er
os

ex
ua

l
20

1 
(1

0)
15

4 
(9

)
11

6 
(9

)
44

 (
7)

10
2 

(1
0)

In
je

ct
in

g 
dr

ug
 u

se
10

7 
(5

)
81

 (
5)

64
 (

5)
33

 (
5)

68
 (

7)

B
lo

od
 P

ro
du

ct
s/

O
th

er
17

6 
(8

)
14

7 
(9

)
11

3 
(9

)
53

 (
8)

10
1 

(1
0)

U
nk

no
w

n
17

 (
1)

17
 (

1)
11

 (
1)

6 
(1

)
12

 (
1)

P
at

ie
nt

 c
ar

e 
se

tt
in

g
G

en
er

al
 P

ra
ct

ic
e

74
8 

(3
6)

57
9 

(3
5)

42
4 

(3
3)

18
4 

(2
9)

<
0.

01
40

2 
(4

0)

H
os

pi
ta

l
58

6 
(2

8)
48

6 
(2

9)
39

1 
(3

1)
23

2 
(3

6)
14

4 
(1

5)

Se
xu

al
 H

ea
lth

 C
lin

ic
73

9 
(3

6)
60

2 
(3

6)
45

2 
(3

6)
22

2 
(3

5)
45

2 
(4

5)

H
ep

at
it

is
 B

 (
H

B
sA

g)
Y

es
89

 (
4)

77
 (

5)
56

 (
4)

29
 (

5)
0.

97
52

 (
5)

N
o

17
03

 (
82

)
13

88
 (

83
)

10
86

 (
86

)
56

7 
(8

9)
77

4 
(7

8)

N
ot

 r
ep

or
te

d
28

1 
(1

4)
20

2 
(1

2)
12

5 
(1

0)
42

 (
7)

17
2 

(1
7)

H
ep

at
it

is
 C

 (
H

C
V

-a
nt

ib
od

y)
Y

es
22

3 
(1

1)
17

8 
(1

1)
14

4 
(1

1)
77

 (
12

)
0.

75
11

5 
(1

2)

N
o

16
68

 (
80

)
13

52
 (

81
)

10
43

 (
82

)
52

9 
(8

3)
75

8 
(7

6)

N
ot

 r
ep

or
te

d
18

2 
(9

)
13

7 
(8

)
80

 (
6)

32
 (

5)
12

5 
(1

3)

P
re

A
R

T
 A

ID
S 

ill
ne

ss
Y

es
34

3 
(1

7)
28

8 
(1

7)
23

0 
(1

8)
13

5 
(2

1)
0.

06
14

2 
(1

4)

N
o

17
30

 (
83

)
13

79
 (

83
)

10
37

 (
82

)
50

3 
(7

9)
85

6 
(8

6)

P
ri

or
 A

R
V

 e
xp

os
ur

e 
at

 A
R

T
 s

ta
rt

Y
es

54
9 

(2
6)

49
9 

(3
0)

43
2 

(3
4)

26
1 

(4
1)

<
0.

01
45

5 
(4

6)

N
o

15
24

 (
74

)
11

68
 (

70
)

83
5 

(6
6)

37
7 

(5
9)

54
3 

(5
4)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 15

D
ur

at
io

n 
of

 c
om

bi
na

ti
on

 A
R

T
E

xc
lu

de
d 

P
op

ul
at

io
n3

 (
n=

99
8)

F
ac

to
r

L
ev

el
1 

ye
ar

 (
n=

20
73

)
3 

ye
ar

s 
(n

=1
66

7)
5 

ye
ar

s 
(n

=1
26

7)
10

 y
ea

rs
 (

n=
63

8)
P

2

Y
ea

r 
of

 A
R

T
 s

ta
rt

19
96

–2
00

1
13

94
 (

67
)

12
42

 (
75

)
10

40
 (

82
)

63
6 

(1
00

)
<

0.
01

64
8 

(6
5)

20
01

–2
00

5
28

1 
(1

4)
24

3 
(1

5)
18

8 
(1

5)
2 

(0
)

85
 (

9)

20
06

–2
01

2
39

8 
(1

9)
18

2 
(1

0)
39

 (
3)

0
26

5 
(2

6)

A
R

T
 a

nc
ho

r 
ag

en
t1

N
N

R
T

I
85

0 
(4

1)
61

4 
(3

7)
40

6 
(3

2)
15

3 
(2

4)
<

0.
01

39
9 

(4
0)

PI
99

3 
(4

8)
87

4 
(5

2)
71

2 
(5

6)
42

8 
(6

7)
44

0 
(4

4)

II
/O

th
er

23
0 

(1
1)

17
9 

(1
1)

14
9 

(1
2)

57
 (

9)
15

9 
(1

6)

C
D

4 
ce

ll 
co

un
t 

at
 A

R
T

 in
it

ia
ti

on
 (

ce
lls

/μ
L

)
0 

to
 2

00
62

9 
(3

0)
53

4 
(3

2)
40

5 
(3

2)
20

8 
(3

3)
0.

90
14

9 
(3

2)

20
1 

to
 3

50
55

6 
(2

7)
42

9 
(2

6)
33

4 
(2

6)
16

4 
(2

6)
13

3 
(2

8)

35
1 

to
 5

00
43

0 
(2

1)
33

2 
(2

0)
25

6 
(2

0)
13

9 
(2

2)
10

0 
(2

1)

>
50

0
45

8 
(2

2)
37

2 
(2

2)
27

2 
(2

2)
12

7 
(2

0)
89

 (
19

)

pV
L

 a
t 

A
R

T
 in

it
ia

ti
on

 (
co

pi
es

/m
l)

0–
10

4
92

7 
(4

5)
71

9 
(4

3)
53

3 
(4

2)
28

8 
(4

5)
0.

47
31

7 
(5

6)

10
4 –

10
5

63
5 

(3
1)

51
2 

(3
1)

38
4 

(3
0)

18
0 

(2
8)

13
4 

(2
4)

>
10

5
51

1 
(2

5)
43

6 
(2

6)
35

0 
(2

8)
17

0 
(2

7)
11

4 
(2

0)

N
um

be
r 

of
 A

R
T

 r
eg

im
en

 c
ha

ng
es

m
ea

n
0.

8
2.

1
3.

3
6.

1
<

0.
01

-

m
ed

ia
n(

q1
-q

3)
0(

0–
1)

1(
0–

3)
2(

1–
5)

5(
3–

8)

P
er

ce
nt

ag
e 

of
 t

im
e

m
ea

n
4.

5
7.

1
9

9.
6

<
0.

01
-

A
R

T
 in

te
rr

up
ti

on
 (

%
)

m
ed

ia
n(

q1
-q

3)
0.

0(
0.

0–
0.

0)
0.

0(
0.

0–
1.

3)
0.

0(
0.

0–
7.

0)
0.

8(
0.

0–
13

.3
)

1 In
iti

al
 A

R
T

 r
eg

im
en

 w
as

 c
la

ss
if

ie
d 

as
 2

 N
(t

)R
T

I’
s 

+
 (

N
N

R
T

I 
or

 P
I 

or
 O

th
er

);
 N

(t
)R

T
I 

– 
nu

cl
eo

s(
t)

id
e 

re
ve

rs
e 

tr
an

sc
ri

pt
as

e 
in

hi
bi

to
rs

; N
N

R
T

I 
– 

no
n-

nu
cl

eo
si

de
 r

ev
er

se
 tr

an
sc

ri
pt

as
e 

in
hi

bi
to

rs
; P

I 
–

pr
ot

ea
se

 in
hi

bi
to

rs
.

2 C
at

eg
or

ic
al

 F
ac

to
rs

: C
hi

-S
qu

ar
ed

 T
es

t, 
C

on
tin

uo
us

 F
ac

to
rs

: A
na

ly
si

s 
of

 V
ar

ia
nc

e

3 A
H

O
D

 p
ar

tic
ip

an
ts

 w
ho

 in
iti

at
ed

 A
R

T
 w

ho
 w

er
e 

ex
cl

ud
ed

 f
ro

m
 th

e 
an

al
ys

is
 d

ue
 to

 (
i)

 ti
m

e 
on

 A
R

T
 <

6 
m

on
th

s,
 (

ii)
 m

is
si

ng
 C

D
4/

pV
L

 m
ea

su
re

m
en

t a
t A

R
T

 in
iti

at
io

n,
 (

iii
) 

m
is

si
ng

 C
D

4/
pv

L
 m

ea
su

re
m

en
t

24
 w

ee
ks

 o
f 

A
R

T
, a

nd
 (

iv
) 

le
ss

 th
an

 3
 C

D
4/

pV
L

 m
ea

su
re

m
en

ts
 f

ol
lo

w
in

g 
po

st
 2

4 
w

ee
ks

 o
f 

A
R

T
.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 16

Ta
bl

e 
2

M
ul

tiv
ar

ia
bl

e 
β 

(s
ta

nd
ar

d 
er

ro
r)

 p
ar

am
et

er
 e

st
im

at
es

^  
fo

r 
m

od
el

lin
g 

vi
ra

em
ia

 c
op

y-
ye

ar
s.

F
ac

to
rs

L
ev

el
N

o.
 o

f 
P

ar
ti

ci
pa

nt
s 

[y
r=

1,
 y

r=
5]

M
O

D
E

L
: 

B
as

el
in

e
M

O
D

E
L

: 
T

im
e-

up
da

te
d

E
st

im
at

e 
(S

.E
)

p#
E

st
im

at
e 

(S
.E

)
p#

A
ge

 a
t 

A
R

T
(p

er
 5

 y
ea

rs
)

[2
07

3,
 1

26
7]

−
0.

04
 (

0.
01

)
<

0.
01

−
0.

03
 (

0.
01

)
<

0.
01

Se
x

Fe
m

al
e

[1
18

, 7
6]

−
0.

04
 (

0.
11

)
0.

66
−

0.
20

 (
0.

08
)

0.
02

M
od

e 
H

IV
 e

xp
os

ur
e

M
SM

1
[1

57
2,

 9
63

]
0.

00
0.

02
0.

00
0.

18

H
et

er
os

ex
ua

l
[2

01
, 1

16
]

−
0.

09
 (

0.
09

)
−

0.
04

 (
0.

07
)

ID
U

[1
07

, 6
4]

0.
21

 (
0.

10
)

0.
11

 (
0.

08
)

O
th

er
/B

lo
od

[1
76

, 1
13

]
−

0.
15

 (
0.

08
)

−
0.

07
 (

0.
06

)

U
nk

no
w

n
[1

7,
 1

1]
0.

27
 (

0.
24

)
0.

27
 (

0.
18

)

P
ri

m
ar

y 
C

ar
e 

T
yp

e
G

P
[7

48
, 4

24
]

0.
00

0.
87

0.
00

0.
29

H
os

pi
ta

l
[5

86
, 3

91
]

−
0.

01
 (

0.
05

)
−

0.
03

 (
0.

04
)

SH
C

[7
39

, 4
52

]
0.

02
 (

0.
05

)
−

0.
06

 (
0.

04
)

H
B

V
 c

o-
in

fe
ct

io
n

Y
es

[8
9,

 5
6]

−
0.

01
 (

0.
05

)
0.

95
0.

08
 (

0.
08

)
0.

34

H
C

V
 c

o-
in

fe
ct

io
n

Y
es

[2
23

, 1
44

]
0.

16
 (

0.
07

)
0.

03
0.

01
 (

0.
05

)
0.

92

P
ri

or
 A

R
V

 e
xp

os
ur

e2
Y

es
[5

49
,4

32
]

0.
46

 (
0.

05
)

<
0.

01
0.

31
 (

0.
04

)
<

0.
01

In
it

ia
l A

R
T

 a
nc

ho
r3

N
N

R
T

I
[8

50
, 4

06
]

0.
00

<
0.

01
0.

00
0.

03

PI
[9

93
, 7

12
]

0.
23

 (
0.

05
)

0.
07

 (
0.

04
)

O
th

er
[2

30
, 1

49
]

0.
24

 (
0.

07
)

0.
13

 (
0.

06
)

C
D

4 
at

 A
R

T
 s

ta
rt

 (
ce

lls
/μ

L
)

0 
to

 2
00

[6
29

, 4
05

]
0.

00
<

0.
01

20
1 

to
 3

50
[5

56
, 3

34
]

−
0.

20
 (

0.
06

)

35
1 

to
 5

00
[4

30
, 2

56
]

−
0.

16
 (

0.
06

)

>
50

0
[4

58
, 2

72
]

0.
01

 (
0.

06
)

pV
L

 a
t 

A
R

T
 s

ta
rt

 (
co

pi
es

/m
l)

0 
to

 1
04

[9
27

, 5
33

]
0.

00
<

0.
01

0.
00

<
0.

01

10
4  

to
 1

05
[6

35
, 3

84
]

0.
22

 (
0.

05
)

0.
14

 (
0.

04
)

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 17

F
ac

to
rs

L
ev

el
N

o.
 o

f 
P

ar
ti

ci
pa

nt
s 

[y
r=

1,
 y

r=
5]

M
O

D
E

L
: 

B
as

el
in

e
M

O
D

E
L

: 
T

im
e-

up
da

te
d

E
st

im
at

e 
(S

.E
)

p#
E

st
im

at
e 

(S
.E

)
p#

>
10

5
[5

11
,3

50
]

0.
34

 (
0.

06
)

0.
26

 (
0.

04
)

T
im

e 
U

pd
at

ed

A
ID

S 
ill

ne
ss

Y
es

[3
73

, 2
91

]
0.

11
 (

0.
04

)
<

0.
01

C
D

4 
ce

ll 
co

un
t 

(c
el

ls
/μ

L
)

0 
to

 2
00

[2
75

, 1
01

]
0.

00
<

0.
01

20
1 

to
 3

50
[4

34
, 1

88
]

−
0.

10
 (

0.
03

)

35
1 

to
 5

00
[5

10
, 2

73
]

−
0.

18
 (

0.
03

)

>
50

0
[8

54
, 7

05
]

−
0.

30
 (

0.
04

)

N
um

be
r 

of
 A

R
T

 c
ha

ng
es

4
0

[1
19

7,
 1

73
]

0.
00

<
0.

01

1 
to

 2
[7

00
, 4

72
]

0.
36

 (
0.

02
)

3 
to

 5
[1

59
, 3

92
]

0.
57

 (
0.

03
)

6 
to

 1
0

[1
7,

 1
86

]
0.

57
 (

0.
04

)

>
10

[0
, 4

4]
0.

56
 (

0.
07

)

%
 t

im
e 

A
R

T
 in

te
rr

up
ti

on
0.

0
[1

80
0,

 7
93

]
0.

00
<

0.
01

0.
1 

to
 5

%
[3

8,
 1

23
]

0.
67

 (
0.

04
)

5 
to

 2
0%

[6
5,

 1
68

]
1.

10
 (

0.
03

)

20
 to

 5
0%

[1
00

, 1
10

]
1.

44
 (

0.
04

)

>
50

%
[7

0,
 7

3]
1.

86
 (

0.
05

)

M
od

el
 F

it
 S

ta
ti

st
ic

s 
(s

m
al

le
r 

is
 b

et
te

r)

A
IC

13
77

3
11

05
0

B
IC

13
93

9
10

98
2

−
L

og
L

ik
el

ih
oo

d
68

62
54

91
<

0.
01

#

^ L
in

ea
r 

m
ix

ed
 m

od
el

, u
ns

tr
uc

tu
re

d 
co

rr
el

at
io

n 
st

ru
ct

ur
e,

 a
dj

us
te

d 
fo

r 
du

ra
tio

n 
of

 A
R

T
 a

nd
 c

al
en

da
r 

ye
ar

 o
f 

A
R

T
 in

iti
at

io
n

# A
na

ly
si

s 
of

 V
ar

ia
nc

e 
- 

L
ik

el
ih

oo
d 

ra
tio

 te
st

, a
lp

ha
=

0.
05

1 M
SM

 –
 m

en
 w

ho
 h

av
e 

se
x 

w
ith

 m
en

.

2 M
on

o/
du

o 
A

R
V

 e
xp

os
ur

e 
pr

io
r 

to
 in

iti
at

in
g 

A
R

T
.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Wright et al. Page 18
3 In

iti
al

 A
R

T
 r

eg
im

en
 w

as
 c

la
ss

if
ie

d 
as

 2
 N

(t
)R

T
I’

s 
+

 (
N

N
R

T
I 

or
 P

I 
or

 O
th

er
);

 N
(t

)R
T

I 
– 

nu
cl

eo
s(

t)
id

e 
re

ve
rs

e 
tr

an
sc

ri
pt

as
e 

in
hi

bi
to

rs
; N

N
R

T
I 

– 
no

n-
nu

cl
eo

si
de

 r
ev

er
se

 tr
an

sc
ri

pt
as

e 
in

hi
bi

to
rs

; P
I 

–
pr

ot
ea

se
 in

hi
bi

to
rs

.

4 In
cl

ud
es

 a
ny

 m
od

if
ic

at
io

n 
to

 A
R

T
 r

eg
im

en
.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2015 May 01.


