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Abstract

Objective—Ongoing HIV replication while receiving combination antiretroviral therapy (cART) 

may reduce survival. Viremia copy-years (VCY) has shown improved mortality risk prediction 

over single time-point viral load (VL) measures. However, the timing of a patient’s VL history 

most associated with later mortality has not been studied. Here we determined the optimal 

duration and temporality of VL history for predicting mortality.

Design—Survival analysis among HIV-positive men who initiated cART in the Multicenter 

AIDS Cohort Study (1995–2015).

Methods—VCY measures were derived from area-under-the-VL-curve. The overall VCY based 

upon the complete post-cART VL history was compared to 20 VCYs derived from VLs assessed 

during different shorter time periods (the most recent 1–10 years and initial 1–10 years following 

cART initiation) for associations with mortality.
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Results—Each 10-fold increase in VCYs based on the most recent 3–8 years was significantly 

associated with 23–26% decrease in survival times, a magnitude of effect greater than that of the 

most recent VL (16%). These associations were independent of CD4 cell count and single time-

point VLs. In addition, the degree of pre-cART immunodeficiency did not affect the mortality 

prognostic value of VCY based on VLs in the most recent 3 years. Conversely, the overall VCY 

and VCYs based on VLs immediately following cART initiation were not independent predictors 

of mortality.

Conclusion—Among cART-treated men, VCY based upon VLs in the recent 3 years (6 VLs), 

has a mortality prognostic value greater than that of the overall VCY and single time-point VLs, 

making the former a more feasible measure for use.
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Introduction

Plasma HIV RNA levels (viral load [VL]) are an integral clinical indicator for HIV care 

practice and research in the current era of combination antiretroviral therapy (cART) [1–4]. 

Early change in VL levels following cART initiation can predict long-term treatment 

response [1, 2], and HIV viral replication while on cART increases the risk of disease 

progression and mortality [5–8]. In clinical and epidemiologic surveillance studies, a recently 

measured VL is commonly used to assess the prevalence of HIV virologic suppression, a 

marker of cART effectiveness and HIV transmission risk [9–11]. However, despite being an 

independent predictor of mortality risk [12], a single, recent VL measure fails to capture an 

individual’s long-term exposure to viral replication [13].

Interest in measures of cumulative HIV viral burden has increased in recent years with the 

demonstration of their added value as a prognostic marker of disease progression over single 

time-point VLs. In particular, viremia copy-years (VCY), a measure of cumulative HIV viral 

burden, has shown stronger associations with mortality and morbidity compared to the most 

recent VL and other single time-point VL assessments [14–17]. Yet, the meaningful window 

of a patient’s VL history that should be included in VCY for optimal prognostic 

performance remains unclear. No studies have addressed whether a patient’s entire VL 

history is necessary to accurately predict mortality or morbidity risk, or whether VCY 

measures over limited time periods of disease history may suffice in predicting these 

outcomes.

In the present study, we used data from a large, prospective cohort of cART-initiating HIV-

positive men who have sex with men (MSM) to assess VCY using alternative windows of 

VL history, that vary in terms of both the temporal relationship with the outcome assessment 

and the duration of VL accumulation. We evaluated the prognostic value for mortality risk of 

these abridged VCY measures, and compared to VCY using the complete VL history since 

cART initiation, as well as to three single time-point VL measures.
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Methods

Study population

The Multicenter AIDS Cohort Study (MACS), as previously described [18–20], is an ongoing 

prospective cohort study of the natural and treated history of HIV infection. Participants 

attend semiannual research visits that include standardized interviews and collection of 

blood specimens. Local institutional review boards approved research protocols. All 

participants provided written informed consent.

As of March 2015, a total of 7,343 MSM (3,897 HIV-positive) were enrolled at 4 U.S. sites 

(Baltimore/Washington, Chicago, Pittsburgh, and Los Angeles). Of these, 1,296 met the 

eligibility criteria: initiated cART after or ≤1 year prior to MACS enrollment between July 

1995 and March 2015 (Supplementary Figure 1). The analytic sample consisted of 841 men 

after excluding those with gaps of ≥2 years between the dates of last report of no cART use 

and first report of cART use (N=111), ≤1 VL after cART initiation (N=196), cART 

treatment for >1 year before the first available VL (N=69), or no VL ≤6 months prior to 

cART initiation (N=79). cART was defined as any regimen of ≥3 antiretroviral agents that 

included at least one protease inhibitor or one non-nucleoside reverse transcriptase inhibitor 

or abacavir or tenofovir, or an integrase inhibitor or an entry inhibitor [1]. Individuals were 

censored if they had no VL measured for >1 year during the follow-up for this study. The 

date of cART initiation was abstracted from medical records or, when an exact date was not 

available, estimated as the midpoint between the last reported cART-naïve date and first 

reported cART-treated date.

Mortality ascertainment

The outcome of interest was all-cause mortality. Mortality data were ascertained through a 

review of death certificates and use of National Death Index records.

Plasma HIV-1 RNA measures

One of three assays were used for measuring VL: Amplicor HIV-1 monitor test (Roche 

Diagnostics, lower limit of detection [LLD]=400 copies/mL, Pre-2002: 11%); Amplicor 

HIV-1 monitor ultrasensitive test (Roche Diagnostics, LLD=50, 2002–2010: 64%); TaqMan 

HIV-1 test (Roche Diagnostics, LLD=20, 2011–2015: 25%). VLs below the LLD were set to 

300, 40 and 10 copies/mL, respectively, per MACS operating protocols. Longitudinal VL 

data were measured at semiannual study visits. For cART-prevalent individuals, the last VLs 

within 6 months before cART initiation were abstracted from medical records.

Viral suppression was defined as consistent VL measurements below the LLD allowing one 

blip <400 copies/mL. Using this definition, proportions of virally suppressed participants 

were calculated at single time-points (the last pre-cART, first post-cART and most recent 

visits) and over various time windows (as explained below).

Assessment of overall viremia copy-years

The overall VCY was approximated using the trapezoidal rule [14, 16]. Briefly, we calculated 

the area-under-the-curve (AUC) of the segment between each 2 consecutive VLs by taking 
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the mean of the 2 VLs (on the natural scale) multiplied by the in-between time interval. If 

VL was missing at cART initiation, the last available value within the prior 6 months was 

used. Time-updated VCY was computed by summing the AUC of all segments prior to the 

current visit.

Assessment of VCY using abridged history

We created 20 VCY measures that estimated HIV viral burden during different post-cART 

time periods. The first 10 VCYs used VLs measured in the 1 to 10 years immediately 

following cART initiation. The other 10 VCYs used VLs measured in the most recent 1 to 

10 years. Examples of 4 VCYs are illustrated in Figure 1. All VCYs were treated as time-

varying: for VCYs following cART initiation, the values were updated up to the end of the 

targeted exposure window and projected forward using the last available value; for the most 

recent VCYs, the values were updated as more post-cART history was accumulated and the 

window of most recent history moved relative to the time of the outcome assessment. If the 

length of the targeted exposure window exceeded the total post-cART follow-up time, all 

available VLs during the post-cART period were used in the calculation of VCYs. An 

example is illustrated in Figure 1, where the total follow-up time at visit 2 (V2) was <1 year, 

so only the first 3 VLs were used to calculate VCY such that all 4 VCYs had the same value. 

Missing VLs at the beginning or end of a time period were replaced with a value 

proportionally interpolated using the two VLs obtained closest in time to the missing 

measurement [21].

Statistical analysis

To evaluate the association of the various VCY measures with all-cause mortality, we 

conducted survival analysis with time accrued from cART initiation (considered baseline for 

the study). Because MACS participants were most often not observed on the exact date of 

cART initiation, all observations were treated as late entries with entry time defined by date 

of first post-cART VL assessment. VCYs were log10-transformed and treated as a 

continuous exposure in analyses. We fit separate conventional lognormal survival models 

with cluster-robust variance for each VCY measure under the assumption that survival times 

were proportional [22], and estimated the percent change in survival times for each 10-fold 

increase in VCYs. To account for other differences in participant characteristics that could 

affect both VCYs and mortality, models were adjusted for age (per 10 years), race 

(Caucasian vs. non-Caucasian), MACS study site, cohort enrollment (pre-2001 vs. 2001+), 

most recent CD4 cell count (per 100 cells/mm3 with a spline at 200), baseline CD4 cell 

count (per 100 cells/mm3) and history of clinically-defined AIDS diagnosis (Model A). To 

evaluate the degree to which VCYs provided additional prognostic information beyond that 

provided by selected specific single time-point VLs, we added the last pre-cART VL, first 

post-cART VL and most recent VL jointly to Model A (Model B). The Akaike Information 

Criteria (AIC) statistic was calculated to compare model fit. We further stratified analyses by 

baseline CD4 cell levels to evaluate whether pre-cART immunodeficiency (<200 cells/mm3) 

affected the prognostic performance of VCYs [23]. Statistical analyses were performed using 

Stata/SE version 13.1 (StataCorp, College Station, TX) and R version 3.3.2 (The R 

Foundation for Statistical Computing, Vienna, Austria). P-values <0.05 guided statistical 

interpretation. To facilitate future research and clinical activities, we provide the 
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programming codes that allow the computation of VCYs during various time periods on the 

MACS website (https://statepi.jhsph.edu/software/software.html).

Sensitivity analysis

To evaluate the sensitivity to the handling of undetectable VL, we repeated the analyses with 

VCYs calculated after substituting values of 0 or 10 (half of the TaqMan assay LLD) for 

undetectable VLs. We then repeated analysis in a subset of participants with no prior 

exposure to suboptimal regimens, to enhance the generalizability of our results to treatment-

naïve patients currently seen in clinical care. We also conducted an exploratory analysis for 

cause-specific mortality by limiting to AIDS-related, and then non-AIDS related mortality 

events, while censoring the other competing event.

Results

Participant characteristics

Table 1 summarizes participant characteristics. Among the 841 cART initiators, 22% were 

black; 52% initiated cART prior to 2001. At cART initiation, the median age and CD4 cell 

count were 43 years and 319 cells/mm3; 10% had a clinically-defined AIDS diagnosis; 48% 

had prior exposure to antiretroviral mono- or dual-therapy.

Seventy-four deaths (58% attributed to AIDS) occurred over a median (interquartile range 

[IQR]) follow-up of 5 (2–12) years (6,736 person-years). The median (IQR) time to death 

was 5 (2–8) years. Among those who died, the median baseline CD4 cell count was 191 

cells/mm3; 22% had an AIDS diagnosis.

Virologic data

Table 2 shows the distributions of VCY and VL measures and the proportions of individuals 

who achieved viral suppression during various time periods following cART initiation. At 

cART initiation, the median log10(VL) was 4.5 (34438 copies/mL). This had decreased to 

1.9 (81 copies/mL) at the first post-cART visit. The median overall log10(VCY) was 4.3 

(17944 copy-years/mL). At the most recent visit, 72% of men were virally suppressed. 

However, when considering all VLs obtained in the most recent 2 and 3 years, the proportion 

of men with viral suppression decreased to 61% and 55%, respectively (Table 2). Only 33% 

maintained viral suppression during the entire study follow-up.

Supplementary Figure 2 shows a Spearman’s rank correlation matrix for the 21 VCYs and 3 

VLs. To summarize, the overall VCY correlated strongly with the 10 VCYs from cART 

initiation (0.76–0.99), but to a lesser extent with the 10 recent VCYs (0.31–0.79). Within the 

10 recent VCYs, variation started to be observed when the time windows used in VCY 

calculation differed by ≥4 years (0.71–0.86).

Evaluating various time frames of VCY assessment for predicting mortality

Table 3 shows the associations of mortality risk with 3 single time-point VLs, the overall 

VCY and the 20 abridged VCYs. After adjusting for demographic covariates and the 

baseline and most recent CD4 cell count, each 10-fold increase in the most recent VL and 
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the first post-cART VL was significantly associated with 16% and 14% decrease in survival 

time, respectively. The overall VCY was associated with a comparable magnitude of 

decrease in survival time (18%), but this was not statistically significant (Model A).

Among the 20 abridged VCYs, only the 10 measures using recent VL history were 

significantly associated with mortality independent of CD4 cell count (Model A). For each 

10-fold increase in these recent VCYs, the decrease in survival times varied between 17 to 

26%, with the strongest prognostic value observed for VCYs based on VLs obtained during 

the most recent 3 to 8 years (23 to 26%). In contrast, the 10 VCYs based on VLs in the first 

1 to 10 years following cART initiation were not significantly associated with mortality 

(Model A).

When each of the 21 VCYs was evaluated in a combined VL model with the 3 single time-

point VLs (Model B), each 10-fold increase in VCYs based on VLs in the most recent 3 to 8 

years remained associated with a 20 to 25% decrease in survival time. By contrast, the 

overall VCY and the VCYs from period following cART initiation were not predictive of 

mortality. None of the 3 single time-point VLs was significantly associated with mortality 

when they were evaluated in the same model with the most recent VCYs (Supplementary 

Table 1). Assessments of model fit (AIC) indicated better fits to the data using the recent 

VCYs measures; the model with VCY using the most recent 3 year period alone had the 

lowest AIC value (Table 3).

Mortality by baseline CD4 cell levels

Table 4 displays the results of analyses stratified by baseline CD4 cell count. The follow-up 

time was comparable in the two CD4 groups (p=0.69). Men with <200 cells/mm3 (27%) 

accounted for 1,793 person-years and 39 deaths. Among all VCY and single time-point VL 

measures, the VCY based on VLs in the most recent 3 years was the only one that was 

independently associated with mortality risk in both baseline CD4 groups. Among men with 

CD4 cell count ≥200 cells/mm3, a stronger association with mortality was generally 

observed for VCYs based on VLs that were accumulated over longer time periods.

Sensitivity analyses

Substituting undetectable VLs with values of 0 or 10 had minimal impact on the observed 

association between the overall VCY and mortality risk (Supplementary Table 2). When 

limited to the 432 treatment-naïve participants (18 deaths; 2,549 person-years), survival 

times were significantly shortened by 22–31% per 10-fold increase in VCY based on VLs in 

the recent 3 to 8 years – results similar to the main analysis (Supplementary Table 3). When 

stratified by the type of mortality events, VCYs seemed to have better prognostic value for 

AIDS-related over non-AIDS-related deaths. However, the difference in prognostic power 

appeared to diminish when longer recent VL history was used in VCY calculation 

(Supplementary Table 4).

Discussion

To our knowledge, this is the first study that has systemically evaluated the mortality 

prognostic value of VCYs derived from varying windows of VL history. We showed that all 
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10 recent VCYs were significantly associated with mortality after adjusting for the baseline 

and most recent CD4 cell count. In addition, after taking into account single time-point VLs, 

VCYs using VLs measured during the most recent 3 to 8 years remained significantly 

predictive of mortality risk. By contrast, the overall VCY since cART initiation, or VCYs 

based on VLs measured immediately following cART initiation were not independent 

predictors of mortality risk. After stratifying by baseline CD4 cell count (as a proxy for pre-

cART immunodeficiency), only the VCY based on VLs in the most recent 3 years showed 

consistent associations with mortality. These findings have potentially important 

implications for both HIV research and care practice.

A number of recent observational studies examined the prognostic values of VCY measures. 

While some did not show improved prognostic performance of VCY over that of the most 

recent VL [23–25], others have demonstrated VCY as an independent predictor for AIDS and 

non-AIDS clinical events, including mortality [15, 16, 21, 26–30]. Although there’s a growing 

interest in the potential use of VCY in clinical research, it is unclear whether knowing the 

entire VL history provides improved prognosis for mortality risk that could justify the 

greater challenge of assessing VCY. We demonstrated that among cART-treated individuals, 

recent trends in VL seem to be more predictive of mortality risk compared to high VL 

occurring earlier in a patient’s history. These findings highlight the importance of recent VL 

history in mortality risk prognosis among cART-treated individuals. The lack of independent 

relevance of temporally distant VLs may be explained by the fact that treatment-induced 

viral suppression can partially reverse some of the pathological consequences of HIV 

infection, such as opportunistic infections and high levels of inflammatory markers [31–34].

However, despite the apparent relevance of recent VLs, a single VL assessment at the most 

recent time point can still lead to misclassification of HIV viral burden [13]. In our study, the 

proportion of virally suppressed participants decreased from 72% on the most recent visit to 

55% over the past 3 years, indicating that a single most recent VL underestimated viral non-

suppression in the past 3 years by approximately 17%. Furthermore, when considering the 

VL history in these past 3 years, VCY showed a stronger association with mortality than the 

most recent VL (24% vs. 16% reduced survival time per 10-fold increase), and this 

association remained significant after accounting for the last pre-cART, first post-cART and 

most recent VLs. These data support the notion that VCYs based on recent VLs are better 

than a single VL assessment at capturing recent viral non-suppression as a result of virologic 

failure or treatment nonadherence, which may have important clinical implications for the 

development of adverse outcomes such as mortality.

We also observed that the mortality prognostic value of VCY measures may vary by the 

degree of immunological suppression at cART initiation – an important consideration when 

assessing VCYs. While almost all recent VCYs were strongly associated with mortality risk 

in individuals with baseline CD4 cell levels ≥200 cells/mm3, only VCYs based upon VLs 

over the most recent 1 to 3 years significantly predicted death in individuals with <200 

cells/mm3. This observation may be explained by differences in clinical disease 

pathogenesis in individuals with varying degrees of immunodeficiency. While prolonged 

viremic periods with attendant increases in systemic inflammation and immune activation 

may be a driving force behind mortality risk regardless of the baseline CD4 cell counts 
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[35, 36], pre-cART immunodeficiency can represent a primary risk for AIDS-related deaths 
[37, 38]. Thus, the prognostic value of VCY measures, which may serve as a proxy of 

elevated levels of chronic inflammation and immune activation, can be diminished in 

patients with more advanced immunodeficiency, though we cannot rule out the possibility of 

unstable estimation due to smaller sample sizes in the stratified analysis. Apart from the 

degree of immunologic suppression, we demonstrated that the prognostic value of recent 

VCYs is robust to prior exposure to suboptimal mono- or dual antiretroviral therapy and 

changing assumptions for handling unobserved or undetectable VLs. Accumulating VLs on 

the natural or log scale may also affect the prognostic value of VCYs [23]. In well-treated 

HIV-positive individuals, high VL values as a result of virologic failure have important 

implications for mortality risk as compared to low detectable VLs [1, 39]. Therefore, 

calculating VCYs from VLs on the natural scale, which assigns greater weight to high VL 

values, is appropriate in this study setting.

Plasma HIV RNA levels are important indicators of treatment response and can inform 

clinical decision making in the management of HIV-positive patients [1, 12]. Although there 

is no consensus on the routine use of VCY measures in HIV care practice, our findings serve 

as a proof of concept that such measures may be feasible in clinical settings and may 

improve clinicians’ ability to identify patients who are at increased risk of clinical 

progression. Better discrimination of high-risk patients can facilitate the development of 

individualized disease monitoring and treatment strategies. For maximal clinical utility of 

VCY measures based on recent VL data, future work should validate their predictive 

accuracy and precision for individual mortality risk classification [40]. In addition, further 

effort should be dedicated to formally assess the prognostic power of VCY measures for 

cause-specific mortality. In our exploratory analysis, VCY measures in general appeared to 

have better prognostic performance for AIDS-related mortality. However, this difference in 

prognostic power seemed to be diminishing for recent VCYs based on longer recent VL 

history, suggesting that recent VCYs might be a reliable clinical predictor for both types of 

mortality.

This study benefited from the extensive participant follow-up and careful ascertainment of 

mortality, as well as longitudinal VL data, allowing us to assess VCY over various time 

periods. We focused on cART-treated participants, as routine VL assessments often only 

occur after entry into HIV care and cART initiation [41]. In prior studies evaluating VCY as a 

primary exposure, Cox proportional hazards regression models have been the standard 

method of analysis [14, 16, 17]. However, we found that relative hazards were not proportional 

throughout follow-up. A possible violation of this key assumption would lead to model 

misspecification and its inferential consequences. Here we used the lognormal accelerated 

failure time models to avoid proportionality assumptions.

This study has several limitations. First, as in all observational studies, we cannot infer 

causality as there may be uncontrolled confounders such as behavioral factors that could 

lead to both poor cART adherence and higher mortality risk. Second, due to the inconsistent 

association between VCY and mortality across studies published to date, the generalizability 

of our results to all HIV-positive persons needs to be confirmed in larger studies that include 

participants more representative of the overall HIV-positive population. Third, we used a 
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simple deterministic method to handle VLs below the limit of detection, which will 

underrepresent variability in low-level viremia. This could have influenced results, as low-

level viremia may represent an important mechanism of the persistent immune active state 

among suppressed HIV-positive populations [34]. Finally, larger studies with longer follow-

up are warranted to assess the prognostic performance of VCY measures among individuals 

with baseline CD4 cell count >500 cells/mm3, and also to discriminate between VCYs based 

on VL history longer than 5 years due to the strong positive correlations between these VCY 

measures.

In summary, our results suggest that, among cART-initiating HIV-positive men, VCY based 

upon VL information in the recent 3 years predicts mortality risk better than single time-

point VLs and the overall VCY and is less influenced by the degree of immunological 

suppression. Therefore, it may represent a strong indicator of mortality risk that can be 

feasibly calculated in the analysis of observational data and in care management of HIV-

positive patients. A clinical online tool to calculate VCY automatically from medical records 

could be developed or potentially integrated it into existing mortality risk scoring systems, 

such as the Veterans Aging Cohort Study (VACS) index [42], to facilitate use in clinical 

practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Examples of 4 VCY measures, each representing the VCY based on VLs measured in the 1 

year and 3 years immediately following cART initiation (VCY from cART) and VCY based 

on VLs measured in the most recent 1 year and 3 years (Recent VCY), respectively, for an 

individual with VLs at 20 study visits and a follow-up time of 9.8 years following cART 

initiation.

Top, time-updated VL measurements from study visit 1 to visit 20. Arrows represent the 

time periods used to assess each of the 4 VCY measures at visit 20 (V20). Shaded areas 

represent the values of each of the 4 VCY measures at visit 20.

Bottom, time-updated values for the 4 VCY measures from study visit 1 to visit 20.

Abbreviations: VCY, viremia copy-years; VL, viral load; cART, combination antiretroviral 

therapy
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Table 1.

Characteristics of 841 HIV+ participants at who initiated combination antiretroviral therapy in the Multicenter 

AIDS Cohort Study, 1995–2015

Overall study population (N=841) Deceased (N=74)

Follow-up, years* 5 (2–12) 5 (2–8)

Age at cART initiation, years 43 (37–49) 47 (40–55)

Race

 White 552 (65.6) 55 (74.3)

 Black 184 (21.9) 15 (20.3)

 Others 105 (12.5) 4 (5.4)

cART initiation year

 1996–2001 439 (52.2) 60 (81.1)

 2001–2015 402 (47.8) 14 (18.9)

Prior exposure to ART 409 (48.6) 56 (75.7)

Duration of prior exposure to ART, years 6 (2–7) 6 (3–6)

Clinically-defined AIDS diagnosis prior to cART initiation 86 (10.2) 16 (21.6)

Last CD4 cell count within 6 months prior to cART initiation, cells/mm3 319 (188–482) 191 (93–333)

First CD4 cell count after cART initiation, cells/mm3 417 (260–585) 292 (122–439)

Most recent CD4 cell count, cells/mm3 569 (375–761) 244 (84–424)

*
Showing median (IQR) for continuous variables or N (%) for categorical variables

Abbreviations: IQR, interquartile range; cART, combination antiretroviral therapy; ART, suboptimal mono- or dual antiretroviral therapy
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Table 3.

Adjusted percent changes in survival times for viremia copy-years and cross-sectional viral load 

measurements among 841 cART-initiating HIV-positive MACS study participants.

Model A* Model B†

% Change in survival time‡ (95% CI) AIC % Change in survival time‡ (95% CI) AIC

Last pre-cART VL −7 (−26, 12) 458.1 NA NA

Most recent VL −16 (−28, −4) 453.8 NA NA

First post-cART VL −14 (−27, −1) 455.8 NA NA

Overall VCY −18 (−39, 4) 456.2 −4 (−36, 27) 458.5

VCY from cART, 1y −12 (−32, 8) 457.5 11 (−44, 66) 458.4

VCY from cART, 2y −15 (−36, 5) 456.8 1 (−36, 37) 458.6

VCY from cART, 3y −19 (−39, 1) 455.8 −9 (−40, 22) 458.4

VCY from cART, 4y −20 (−40, 0) 455.5 −11 (−42, 19) 458.2

VCY from cART, 5y −20 (−40, 1) 455.7 −9 (−40, 22) 458.3

VCY from cART, 6y −18 (−39, 3) 456.0 −6 (−37, 26) 458.5

VCY from cART, 7y −17 (−38, 5) 456.5 −1 (−33, 31) 458.6

VCY from cART, 8y −17 (−38, 5) 456.5 −1 (−32, 31) 458.6

VCY from cART, 9y −17 (−38, 5) 456.6 −1 (−32, 31) 458.6

VCY from cART, 10y −17 (−38, 5) 456.5 −1 (−33, 30) 458.6

Recent VCY, 1y −17 (−29, −5) 453.7 −9 (−29, 11) 458.0

Recent VCY, 2y −20 (−32, −7) 451.9 −15 (−32, 2) 456.6

Recent VCY, 3y −24 (−36, −12) 449.1 −21 (−37, −6) 454.1

Recent VCY, 4y −23 (−37, −10) 450.5 −20 (−36, −4) 455.0

Recent VCY, 5y −24 (−39, −10) 450.2 −22 (−39, −5) 454.5

Recent VCY, 6y −26 (−41, −11) 449.6 −25 (−43, −6) 453.8

Recent VCY, 7y −26 (−42, −10) 450.5 −24 (−43, −5) 454.6

Recent VCY, 8y −25 (−42, −8) 451.6 −22 (−43, −2) 455.4

Recent VCY, 9y −22 (−40, −5) 453.4 −17 (−40, 5) 456.9

Recent VCY, 10y −22 (−41, −4) 453.8 −17 (−41, 6) 457.1

Bold indicates statistical significance

*
Model A was adjusted for age (per 10-year increase), non-Caucasian race, most recent CD4+ T cell count (per 100 cells/mm3 increase with linear 

spline at 200 cells/mm3), baseline CD4+ T cell count (per 100 cells/mm3 increase), AIDS diagnosis prior to cART initiation, MACS study site and 
cohort enrollment

†
Model B evaluated each VCY measure jointly with the three cross-sectional VLs (last pre-cART VL, first VL after cART and the most recent VL) 

after adjusting for all demographic and clinical factors included in Model A. Among the three cross-sectional VLs, adjusted percent change in 
survival times are only shown for the most recent VL.

‡
Percent change in survival times was estimated for each 10-fold increase in the 21 VCY measures (copy-years/mL) and 3 cross-sectional VLs 

(copies/mL)

Abbreviations: VCY, viremia copy-years; VL, viral load; cART, combination antiretroviral therapy; MACS, Multicenter AIDS Cohort Study; CI, 
confidence interval; AIC, Akaike Information Criteria
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Table 4.

Adjusted percent changes in survival times for viremia copy-year and cross-sectional viral load measurements 

among 841 cART-initiating HIV-positive MACS study participants, stratified by CD4+ T cell levels at cART 

initiation

Model A*: Baseline CD4<200 cells/mm3 (N=223) Model A*: Baseline CD4≥200 cells/mm3 (N=618)

% Change in survival time† (95% CI) % Change in survival time (95% CI)

Last pre-cART VL 10 (−19, 38) −18 (−41, 4)

Most recent VL −16 (−29, −4) −14 (−34, 6)

First post-cART VL −14 (−29, 1) −13 (−35, 9)

Overall VCY −6 (−34, 23) −28 (−58, 2)

VCY from cART, 1y −10 (−36, 15) −10 (−38, 18)

VCY from cART, 2y −11 (−38, 16) −14 (−42, 14)

VCY from cART, 3y −11 (−38, 16) −21 (−48, 6)

VCY from cART, 4y −9 (−37, 19) −26 (−52, 1)

VCY from cART, 5y −8 (−36, 20) −26 (−53, 1)

VCY from cART, 6y −7 (−36, 21) −26 (−54, 3)

VCY from cART, 7y −7 (−35, 22) −24 (−53, 5)

VCY from cART, 8y −7 (−36, 21) −23 (−53, 6)

VCY from cART, 9y −7 (−35, 22) −24 (−53, 5)

VCY from cART, 10y −6 (−35, 22) −25 (−54, 4)

Recent VCY, 1y −16 (−31, −2) −16 (−35, 4)

Recent VCY, 2y −20 (−35, −5) −17 (−37, 3)

Recent VCY, 3y −21 (−36, −5) −24 (−43, −6)

Recent VCY, 4y −17 (−34, 1) −27 (−47, −7)

Recent VCY, 5y −17 (−35, 1) −30 (−51, −8)

Recent VCY, 6y −19 (−38, 1) −31 (−54, −8)

Recent VCY, 7y −17 (−38, 4) −32 (−56, −9)

Recent VCY, 8y −14 (−37, 8) −34 (−58, −11)

Recent VCY, 9y −11 (−35, 13) −32 (−58, −7)

Recent VCY, 10y −12 (−37, 12) −31 (−58, −5)

Bold indicates statistical significance

*
Model A was adjusted for age (per 10-year increase), non-Caucasian race, most recent CD4+ T cell count (per 100 cells/mm3 increase with linear 

spline at 200 cells/mm3), baseline CD4+ T cell count (per 100 cells/mm3 increase), AIDS diagnosis prior to cART initiation, MACS study site and 
cohort enrollment

†
Percent change in survival times was estimated for each 10-fold increase in the 21 VCY measurements (copy-years/mL) and 3 cross-sectional VLs 

(copies/mL)

Abbreviations: VCY, viremia copy-years; VL, viral load; cART, combination antiretroviral therapy; MACS, Multicenter AIDS Cohort Study; CI, 
confidence interval
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