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Abstract
Background: Antiretroviral regimens (ART) changes occur frequently among HIV-infected
persons. Duration and type of initial highly active antiretroviral therapy (HAART) and factors
associated with regimen switching were evaluated in the Multicenter AIDS cohort Study.
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Methods: Participants were classified according to the calendar period of HAART initiation: T1
(1996-2001), T2 (2002-2005) and T3 (2006-2009). Kaplan Meier curves depicted time from
HAART initiation to first regimen changes within 5.5 years. Cox proportional hazards regression
models were used to examine factors associated with time to switching.

Results: Of 1009 participants, 796 changed regimen within 5.5 years after HAART initiation.
The percentage of participants who switched declined from 85% during T1 to 49 % in T3., The
likelihood of switching in T3 decreased by 50% (p<0.01) compared to T1 after adjustment for pre-
HAART ART use, age, race and CD4 count. Incomplete HIV suppression decreased over time
(p<0.01) but predicted switching across all time periods. Lower HAART adherence (≤ 95% of
prescribed doses) was predictive of switching only in T1. In T2, central nervous system symptoms
predicted switching (RH = 1.7, p= 0.012). Older age at HAART initiation was associated with
increased switching in T1 (RH=1.03 per year increase) and decreased switching in T2 (RH = 0.97
per year increase).

Conclusions: During the first 15 years of the HAART era, initial HAART regimen duration
lengthened and regimen discontinuation rates diminished. Both HIV RNA non-suppression and
poor adherence predicted switching prior to 2001 while side effects that were possibly ART-
related were more prominent during T2.

Introduction
Highly active antiretroviral therapy (HAART) use has resulted in a dramatic and sustained
decrease in AIDS-related morbidity and mortality1-5. HAART’s effectiveness is commonly
measured by its ability to durably suppress HIV replication and to affect immune system
reconstitution as measured by increases in circulating CD4+ T lymphocyte (CD4) cell
counts 6-8, which in turn result in decreased rates of HIV clinical progression, AIDS-related
opportunistic diseases and death 4,5,9-12.

Newer antiretroviral agents, including fixed-dose combinations and single tablet daily
regimen preparations, have become available over the past decade; these newer therapies
have been associated with greater efficacy, tolerability, and convenience13,14. Early in the
HAART era, HIV non-suppression and treatment-related adverse effects were reported as
common causes for changing regimens15-18

We hypothesized that use of more modern antiretroviral therapies that are more potent,
convenient, and associated with fewer adverse effects are more likely to facilitate improved
adherence and result in increases in the durability of initial HAART regimens. We also
postulated that factors associated with switching from initial HAART have changed over
time.

Methods
Study population

Study subject were participants in the Multicenter AIDS Cohort Study (MACS), an ongoing
prospective study of HIV-1 infection and treatment among men who have sex with men
(MSM) in the United States begun in 1984 at four sites; Chicago, Baltimore, Pittsburgh and
Los Angeles 19,20. In 1984-1985 4,954 HIV-infected and uninfected MSM were enrolled. In
1987 recruitment was reopened to increase the number of African American participants;
668 men were enrolled. During 2001-2003 another 1350 younger men, predominantly from
minority populations, were enrolled. Another MACS expansion commenced at the
beginning of 2010; 71 men had been recruited through September 2012. Every 6 month,
study visits include interviews focused upon symptoms and treatment. In addition, quality of
life assessments, focused physical examinations and collection of biological specimen were
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obtained. The institutional review boards of each center approved the protocols and
informed consent was obtained from each participant. A detailed description of the MACS
study has been published and only methods for the present analyses are presented here 19.

Combination antiretroviral regimens were considered highly active antiretroviral therapies
(HAART) if they met the United States Department of Health and Human services
guidelines 21,22. Information regarding therapies received was obtained by participant self-
report and updated at each semi-annual MACS visit. MACS participants who initiated
HAART (n=1009) after enrolling in the MACS were included and classified as either pre-
HAART antiretroviral treatment (ART) experienced (TE) or pre-HAART ART naïve (TN).
Individuals were further classified according to the calendar period during which they
initiated HAART: T1 (1996-2001), T2 (2002-2005) and T3 (2006-2009). Participants were
censored at death, withdrawal from the MACS; if HAART was initiated before entering the
MACS study and end of study visit 57 (9/30/2012). All participants who initiated HAART
were followed for the first five and one half year of their therapy for this analysis.

Outcome Variable
Time to change of the first HAART regimen was the primary outcome of interest. Switching
HAART was defined as the changing of at least one antiretroviral drug contained in a
HAART regimen. The change from two individual agents (e.g., zidovudine + lamivudine) to
a fixed-dose combination preparation drug (e.g., Combivir) was not considered a regimen
switch. Entry time was the date of HAART initiation; the duration of the first regimen was
calculated from the initiation date until switching if it occurred within 5.5 years after
HAART initiation, or at the last visit occurred if it occurred within 5.5 years after HAART
initiation for persons who did not switch HAART. We used 5.5 years after HAART
initiation as the cutoff so that the person-time contributed to the analysis was comparable
during all the three time periods.

Exposure Variables
The primary exposure of interest was calendar period of HAART initiation (T1, T2, and T3).
The fixed characteristics of ART-experience pre-HAART (TE: treatment-experienced and
TN: treatment-naive), and type of first HAART regimen received were examined as
predictors of switching. We classified first HAART regimens into four categories: (1)
protease inhibitor (PI)-based (reference group), (2) non-nucleoside reverse transcriptase
inhibitor (NNRTI)-based, (3) only nucleoside/nucleotide reverse transcriptase inhibitors
(NRTIs)-based, and (4) entry inhibitor (including fusion inhibitors) (EI) or integrase
inhibitor (II)-based. Time-varying characteristics, including possible adverse effects, HIV
RNA ≥50 copies/ml, convenience, estimated pill/tablets of antiretroviral agents taken daily,
drug holidays and regimen adherence, using information collected at each visit up to the
time of HAART switch or until 5.5 years after HAART initiation. Possible drug effects were
defined by evaluating participant-reported symptom(s) that occurred while receiving the
initial HAART regimen. Hepatitis B virus (HBV) co-infection was defined based on positive
HBV surface antigen; hepatitis C virus (HCV) co-infection as a positive serum antibody or
positive HCV RNA. Symptoms and signs included were gastrointestinal (GI, diarrhea,
nausea, vomiting, abdominal pain or bloating), central nervous system (CNS, nightmares,
vivid dreams or insomnia) hyperglycemia (fasting glucose>110 mg/dL or if the participant
reported high blood sugar/diabetes), hyperlipidemia (fasting total cholesterol >210 mg/dL or
a self report of high cholesterol/ high triglycerides), or a self-report of change in body fat
distribution (lipodystrophy). Self-report of having stopped all prescribed ART for at least
sequential 2 days since the last visit was considered a drug holiday. Self-reported level of
adherence to HAART at each visit prior to switching was dichotomized as ≥95% (reference)
vs. < 95% of prescribed doses. Age at HAART initiation, history of intravenous drug use,
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self-reported race (White (reference), non-White, Hispanic) and education (college degree or
above vs. below college (reference) at baseline, nadir CD4 cell count and pre-HAART CD4
cell count (cells/mm3) were also included to adjust for possible confounding23.

Statistical Analysis
The Fisher exact test or Kruskal-Wallis nonparametric test was used to test unadjusted
differences in proportions and distributions of study population characteristics among the
three time periods, as appropriate. Modified Poisson regression with robust variance 24 was
used to test for trends in reasons for HAART switching. Median regression was used to test
whether the number of pills used in the 1st HAART regimen changed over time. Cox
proportional hazards models were used to determine the relative hazards of switching by
time period and treatment experience prior to HAART initiation. Associations between
exposure variables and time to ART regimen change from 1st HAART were estimated using
Cox proportional hazards models with time-dependent covariates. Separate models were run
for different time periods.

Results
Between 1996 and 2009, 1009 MACS participants initiated HAART after study enrollment.
Participant demographics at the time of HAART initiation for each of the 3 time periods are
presented in Table 1. Men who initiated HAART in T3 were older (median 47 years versus
43 in T1 and T2, p< 0.05). The proportion of HAART initiators who were non-white
increased during the later two time periods (12%-T1, 34%-T2, 28 %-T3; p<0.05), though
this was anticipated as a consequence of the targeted enhanced recruitment of MSM from
minority populations in 2001-2003. The level of education was lower in the later two time
periods: 37 % and 44% of men in T3, and T2 versus 53 % in T1, respectively, had
completed college, (p<0.05). The nadir CD4 cell count increased over time (median: 211
(T1), 278 (T2) and 310 cells/ul, (T3), respectively p<0.05) as well as the pre-HAART CD4
cell counts (median 302 (T1), 329 (T2), to 380 cells/ul (T3), respectively p<0.05). The
percentages of participants with HBV co-infection in the three time periods were similar
(8%, 8% and 7 % in T1, T2, T3, respectively, p=0.81), as were the percentages of men with
HCV co-infection (6%, 9 % and 8% in T1, T2 and T3, respectively, p=0.32). Likewise, the
prevalence of participants with a history of intravenous drug use was stable over time (14%,
14%, 18% in T1, T2 and T3 respectively, p=0.39).

Among the 1009 men who initiated HAART, 796 (78.9%) switched therapy within 5.5 years
of initiation; 85% (n=585), 78% (n=147) and 49 % (n=64) of men, respectively, switched
HAART during T1, T2 and T3. Data available through 2012 were used to characterize
HAART use through 2009. Among men who initiated HAART before 2006 and switched
within 5.5 years, the median and 75th percentile of time to switch was 1.1 years and 2.2
years respectively. Among men who did not switch within 5.5 years, the percentage of men
with follow up time beyond 2.2 years (the 75th percentile of time to switch) were 74%, 69%
and 76% respectively in T1, T2 and T3 respectively (p=0.729) showing that men who
started HAART in T3 had the same opportunity to observe switching as men in the earlier
periods. The prevalence of HAART discontinuation was 10%, 16.4% and 13.5% for the
three- calendar period studied, respectively. Compared to T1, the likelihood of switching in
T2 decreased by 10% (Figure 1, p=0.65) and by 50 % (p<0.01) during T3 after adjusting for
pre-HAART ART use, age, race, education and CD4 cell count prior to HAART initiation.
The proportion of treatment-experienced (TE) participants decreased over time as expected:
79 % during T1, 37% during T2, and 23 % during T3 (p<0.01 for trend). Treatment-naïve
(TN) participants were significantly less likely to switch from their first HAART regimen
than TE patients in T1 and T2 (figure 1, relative hazard (RH) = 0.7, p<0.01 and RH 0.7, p=
0.04 respectively after adjusting for age and pre-HAART CD4 cell counts), but this
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difference by pre-HAART ART experience was not observed during T3. Among the TN
participants, 77% switched from their first HAART regimen within 5.5 years after HAART
initiation in T1 (113/146) and in T2 73% (88/120), while only 51% (51/100) switched in T3.
The univariate relative hazard of switching among TN during T1 or T2 compared to T3 was
1.9 and 1.7 respectively (p<0.01) for each comparison. Among TE patients, 87% (472/544)
switched therapy during T1, 86% (59/69) during T2 and 43% (13/30) during T3. The
univariate relative hazard of switching for T2 versus T3 was 2.3 (p<0.01) and for T1 versus
T3, HR= 2.6 (p<0.01)

Initial HAART regimens (Figures 2a,) were less likely to be protease inhibitor (PI)-based
over time (82% in T1 vs. 34 % in T3, p<0.05) and changed over time (figure SDC). Use of
non-nucleoside reverse transcriptase inhibitor (NNRTI) based regimens increased from T1
to T3 (17% to 61 %, p<0.05). The principal nucleoside reverse transcriptase inhibitors
(NRTIs) used in HAART regimens also changed over time (Figure 2b); zidovudine and
stavudine (d4T) were used in 50% and 45% of initial HAART regimens respectively in T1,
but in only 3% of regimens initiated during T2 and d4T not at all in T3. Among initial
HAART regimens prescribed in T3, 88% included tenofovir.

At the visit prior to switching the percentage of men with ≥ 50 copies/ml of HIV RNA
among switchers decreased over time (64%, 41% and 35% for T1, T2, and T3 respectively,
p<0.01) The percentage who switched and reported gastrointestinal symptoms at the prior
visit was not significantly different in the three time periods (29% in T1, 34% in T2 and
25% in T3, p= 0.27). In contrast, more participants who switched in T3 had fasting
hyperglycemia or diabetes (1% in T1, 7% in T2 and 15% in T3, p<0.01 for trend) and/or
hyperlipidemia at the visit prior to HAART switch (5% in T1, 23% in T2 and 21% in T3,
p<0.01 for trend) (data not shown). Fewer HAART users reported CNS symptoms in T3
compared to T2 (46% versus 58%, p=0.13). Information regarding CNS symptoms was not
collected during T1. In the univariate Cox proportional hazard models (data not shown),
participants who stopped HAART for at least 2 days in a row during the six months prior to
switching were subsequently more likely to switch in all three time periods (RH=1.59 with
p= 0.008 in T1, RH= 1.93 with p= 0.007 in T2 and RH= 1.80 with p= 0=082 in T3.
Participants who received NNRTI based regimens versus PI based regimens were less likely
to change regimens initiated in T1 (RH=0.69 p= 0.015 and T3 (RH= 0.50, p=0.020). Non-
whites were more likely to switch in T2 (RH= 1.66 with p=0.013). Higher pre HAART CD4
cell counts were associated with switching in T3 (RH= 1.09 per 100 cells increase, p=
0.037).

CNS symptoms were recorded during T2 and T3, report of having such symptoms was
significantly associated with switching in T2 (RH= 1.67, p=0.012). Self reported levels of
adherence of less than 95% to the first HAART regimen were significantly associated with
switching in all three time periods in the univariate model (RH=1.91 with p<0.001 for T1,
RH= 1.96 with p=0.007 for T2 and RH= 3.38 with p= 0.001 for T3) but a significant
association was seen only in T1 (RH=1.87 with p=0.001) after controlling for other factors
in the multivariate analysis.

In the multivariate Cox proportional hazard models (Table 2) that examined time-varying
exposures, men with detectable plasma HIV RNA levels were significantly more likely to
switch in all 3-time periods (relative hazards (RH) = 1.9, 1.9 and 3.0, respectively, in T1,
T2, and T3, p<0.05 in comparison to men with undetectable HIV RNA levels). Older age at
HAART initiation was associated with increased switching in T1 and T3 (RH=1.03 and 1.04
per year increase respectively), but with decreased switching in T2 (RH = 0.97 per year
increase).
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Overall, the median number and interquartile range (IQR=25%-75%) of ART pills/tablets
taken per day for initial HAART regimen for men who switched was 4 (3-7), 3 (3-5) and
3(1-3) during T1, T2 and T3 respectively and 5 (3-7), 4 (3-6) and 3 (2-4) after switching.
Over time, decreases in the daily number of pills/tablets taken during the first HAART
regimen were significant (p< 0.05 for trend). For TN participants, the median number of
pills taken in first regimens went from 4 (3-5), 3 (2-4) and 2 (1-3) for T1, T2 and T3
respectively and for TE patients, they were 5 (3-7), 4 (3-5) and 3 (2-4) in these time periods.
Among TN patients initial HAART regimens contained significantly fewer pills /tablets than
for TE patients during T2 (p<0.05) (data not shown).

Discussion
In the MACS, the duration of first HAART regimens increased significantly from
1996-2009, the calendar years represented in this analysis. Among men who initiated
HAART in each successive time period and who were subsequently followed 5.5 years,
switching became less common. Observed changes in first HAART regimen length occurred
simultaneously with the availability of newer, more potent and better-tolerated antiretroviral
therapies. While side effects that were possibly ART-related were associated with an
increased likelihood of ART regimen switching during T1, ART-related toxicities were less
often clearly related to switching during later time periods.

Some of the observed increases in first HAART duration over time were partially, but not
completely, accounted for by progressive increases in the proportion of HAART initiators
who were pre-HAART ART naïve. Furthermore, the average CD4 cell count prior to
HAART initiation increased with time, consonant with simultaneous changes in the
guidelines for treatment initiation 21,22. Guidelines published early in the HAART era
recommended that therapy could be initiated at CD4 cell counts as low as 200-250 cells/ul
while more recent recommendations have advised starting HAART at progressively higher
CD4 cell counts and, most recently, at any CD4 count if the patient is willing to initiate
therapy 8. Our data reflect these trends 25,26. In the MACS, HAART initiators during T1
were more likely to have been diagnosed with AIDS, and both nadir CD4+ cells (median
211cells/ml) and CD4 at the visit prior to HAART initiation (median 302 cells/ml) were
lower than levels seen in later time periods. This phenomenon was likely a consequence of
several factors: 1) patients starting HAART during T1 were more likely to have received
less effective mono or combination antiretroviral regimens prior to the first HAART
initiation; 2) HAART in T1 was less potent, tolerable and convenient than regimens that
became available later and 3) changing treatment standards in the timing of HAART
initiation, as discussed above.27,28.

There were clearly changes over time in the prevalence of symptoms reported before
switching that were feasibly ART-related. CNS symptoms had diminished in frequency by
the most recent time period studied, likely at least in part due to changes in the composition
of HAART use. While the overall number of switchers diminished over time, the proportion
of switchers for whom adverse metabolic sequelae (including hyperglycemia and
hyperlipidemia) existed increased over time, however neither hyperglycemia nor
hyperlipidemia were significantly associated with switching in multivariable models in
period 3 (data not shown). It is possible that the aging of this cohort may have, influenced
the prevalence of these metabolic conditions.

The extent to which regimen switches were made pre-emptively in later time periods, by the
desire to receive more “metabolic-friendly” agents is unclear. This phenomenon may have
been operative in this cohort of aging men with extended survival who were increasingly
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diagnosed with or at least wary of age-related chronic co-morbiditie compared with HIV
infected men in the pre HAART era,

Changes in the composition of initial HAART regimens received by MACS participants
over time reflect the availability of newer, more potent, better tolerated and easier to
administer individual drugs and fixed dose combinations 29-32. These changes were
associated with a progressive increase in the duration of initial HAART regimens. For
example, PI-based regimens were overwhelmingly used during T1 (1996-2001) and often
included older PI’s such as indinavir and nelfinavir that were commonly associated with
treatment-limiting side effects. Inclusion of PI’s in initial HAART regimens gradually
decreased over time following the introduction of NNRTI’s, particularly efavirenz, and more
recently (during T3) integrase inhibitors (ISTI).33-35 The increased convenience represented
by the availability of fixed-dose ART combinations and daily single tablet regimens is
reflected in our data and is likely associated with the longer duration of the first HAART
regimen during the most recent time period. During T1 (1996-2001), more than 80% of
prescribed HAART regimens included the thymidine-analogue NRTI’s zidovudine or
stavudine, and use of either is associated with diverse short- and long-term treatment
limiting adverse side effects. During T3 (2006-2009), the most recent time period analyzed,
neither of these agents was received by more than 3 % of our cohort. While we cannot
directly associate specific ART use and individual reasons for HAART switching, we
believe that we can plausibly link changes in reported rates of some side effects with
evolving use of ART over time. 36,37.38. Tenofovir replaced zidovudine and stavudine as the
NRTI of choice for inclusion in initial HAART during T2 and T3, and its use probably was
associated with fewer overall HAART switches undertaken for reasons of efficacy or
tolerability39. Data from randomized prospective studies have demonstrated comparatively
lower rates of treatment-limiting side effects associated with tenofovir compared to
zidovudine or stavudine use, including the likelihood of lipoatrophy, pro-atherogenic
hyperlipidemia, glucose intolerance, GI intolerance and bone marrow suppression (in the
case of zidovudine)40,41. Further, it is likely that some patients (and their clinicians) may
have pre-emptively switched from zidovudine or stavudine-containing HAART in order to
avoid or ameliorate potential adverse effects42.

A major limitation of this analysis is the dependence upon data collected at semiannual
MACS visits, which were not oriented specifically at capturing reasons for changing of ART
regimens. The questionnaire used was designed to provide health information as reported by
participants in the six months prior to the visit. Similarly, we have only laboratory data
obtained at each semi-annual visit, not necessarily reflecting values present immediately
preceding a switch in therapy, values which may or may not have been determinants in the
changing of regimens. In addition, switching from agents taken separately to a fixed-dose
combination of the same drugs was not considered a change in therapy for this analysis.
Thus, we cannot evaluate specifically the issue of increased treatment convenience as a
motivation for undertaking regimen switching. The impact upon our findings of the
deliberate enrichment of the MACS from 1999-2001 with younger men of color is difficult
to ascertain. Finally, the MACS participants are volunteers with a high degree of education
and motivation, which limits the generalizability of these findings.

In summary, the frequency of switching from first HAART regimen during the first 5.5
years of therapy diminished progressively over time in the MACS during the first 15 years
of the HAART era, while the duration of first HAART regimens increased. While HIV non-
suppression appears to remain as a central reason for modifying first HAART therapy, rates
of viral non-suppression have decreased over time in the MACS. Potential ART-related
treatment-limiting adverse effects have evolved over time. There were fewer reports CNS
side symptoms, more changes of regimen potentially linked to occurrence or avoidance of
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adverse metabolic outcomes in recent years and suggestive of overall increases in HAART
regimen tolerability. This fact, along with the improved HIV suppressive efficacy and
increased convenience of newer regimens as evidenced by progressive reductions over time
in the mean the number of pills received in initial HAART regimens, indicate that current
HIV treatment optimize the likelihood of extended first HAART durability and improved
patient quality of life.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier probability curves depicting time from HAART initiation to first HAART
switches that occurred within 5.5 years after HAART initiation.
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Figure 2a.
First HAART regimen types during the 3 times periods. PI = protease inhibitor NNRTIs =
non-nucleoside reverse transcriptase inhibitors, NRTI= nucleoside/nucleotide reverse
transcriptase inhibitors, EI = entry inhibitors (including fusion inhibitors), II = integrase
inhibitors.
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Figure 2b.
Prevalence of select NRTI use in initial HAART regimen by Calendar Period
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Table 1

Characteristics of HAART initiators in the Multicenter AIDS Cohort Study by Calendar Period at HAART
Initiation

Participant characteristics at HAART initiation 1996-2001 2002-2005 2006/2009 P value

(n=690) (n=189) (n=130)

Race/Ethnicity <0.001

 Hispanic (%) 6 13 16

 Non-white (%) 12 34 28

Baseline education
 >= College (%)

53 44 37 <0.001

History of IDU(%) 14 14 18 0.591

Chronic HBV (%) 8 8 8 1.0

Chronic HCV (%) 6 9 8 0.321

Age (years): Med
 (IQR)

43
(39-48)

43
(37-49)

47
(39-53)

0.005

Hyperglycemia/DM* (% of prevalence) 8.3 13.2 18.7 <0.001

Hyperlipidemia *(% of prevalence) 58.9 28.1 35.2 <0.001

CD4 count (cells/μl) Nadir:
Med (IQR)

211
(109-321)

278
(154-373)

310
(214-419)

<0.001

CD4 count (cells/μl) Pre-HAART:
Med (IQR)

302
(164-461)

329
(193-432)

380
(237-527)

<0.001

Pre-HAART RNA (log10 cp/mL):
Med (IQR)

4.4 (3.5-4.9) 4.6 (3.9-5.1) 4.5 (4.0-5.0) 0.046

P values were obtained from the Fisher exact test or the Kruskal-Wallis non-parametric test, as appropriate.

Med = median, IQR = interquartile range

Hyperglycemia/diabetes mellitus was defined as FG<110mg/dL or self-report of high blood sugar or on anti-diabetic drug Hyperlipidemia was
defined as fasting total cholesterol > 210 mg/dL or self report of high total cholesterol or triglycerides or on lower-lipids medication.

*
among pre-HAART HIV-infected person-visits by calendar periods.
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Table 2

Multivariate relative hazard (RH) associated with the first HAART switching that occurred within 5.5 years
after HAART initiation using Cox proportional hazards models with time dependent covariates stratified by
the calendar time of HAART initiation

1996-2001 2002-2005 2006-2009

RH 95% CI p-
value RH 95% CI p-

value RH 95% CI p-value

Detectable HIV RNA* 1.87 1.44-2.44 <0.001 1.94 1.26-2.99 0.003 3.03 1.46-6.30 0.003

CNS symptoms* NA 1.66 1.12-2.45 0.012 1.00 0.51-1.94 0.997

NNRTI-basedvs. PI
based HAART regimen 0.75 0.54-1.04 0.081 0.96 0.63-1.47 0.849 0.59 0.30-1.16 0.126

Adherence* <95% 1.87 1.30-2.68 0.001 1.06 0.59-1.93 0.840 2.16 0.83-5.65 0.116

Age at HAART
initiation, per 1 year 1.03 1.01-1.05 0.001 0.97 0.95-0.99 0.011 1.04 1.00-1.08 0.055

Other factors examined in the multivariate model but not show in table 2 due to having p>0.1 in all three time periods included ART-naïve before
HAART, GI symptoms, hyperglycemia, hyperlipidemia, lipodystrophy, stopped HAART for at least 2 days in a row in the past 6 months, race,
education and history of intravenous drug use.

*
Measured at each visit prior to switching for persons who switched from their 1st HAART regimen within 5.5 years after HAART initiation, or

prior to the last visit seen within 5.5 years after initiation for persons who did not switch HAART regimens within 5.5 years.
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