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Abstract
Objective—Adherence to antiretroviral therapies (ART) is the strongest predictor of viral
suppression among individuals infected with HIV, however, limited data exists to understand the
patterns of adherence that confer the greatest benefit across different ART regimens.

Design—Longitudinal data pooled from 16 studies conducted between 1997 and 2009 across the
United States.

Methods—Adherence was measured using Medication Event Monitoring System. Percentage of
time with sufficient drug concentrations (covered time) and the length of the longest treatment
interruption during the 28 days prior to plasma HIV-RNA measurements were calculated. Logistic
regression with generalized estimating equations was used to estimate medication-specific
adherence estimates on detectable HIV-RNA (>400 copies/ml).

Results—One thousand and eighty-eight participants with 3795 HIV-RNA measures were
studied. Both lower covered time and greater longest interruption showed dose– response
relationships with the odds of detectable HIV-RNA; however, estimates did not vary by
medication regimen. Compared with 93–100% coverage, periods of 0–25% covered time had a
three-fold increased risk of detectable HIV-RNA [odds ratio (OR)=3.22, 95% confidence interval
(CI): 2.48–4.19]. Similarly, compared to longest interruptions of 0–48 h, longest interruptions of
21–28 days had a nearly four-fold increased risk of detectable HIV-RNA (OR=3.65, 95% CI:
2.77, 4.81).

Conclusion—We found that adherence was consistently strongly associated with treatment
response across ART regimens. Of the patterns of adherence, longer interruptions may have
greater impact than covered time. Future research should investigate additional methods for
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examining adherence patterns, understanding the determinants of consecutive missed doses and
the evaluation of interventions designed to address interruptions in treatment.
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Introduction
Adherence to antiretroviral therapies (ART) is the strongest predictor of HIV-RNA
suppression among individuals infected with HIV [1–3]. Average adherence, measured as
the percentage of prescribed doses taken, has dominated adherence research. However, since
the advent of ART, adherence measurement has evolved making more precise measures of
medication-taking possible. Medication-taking patterns may be highly variable with
differential impact on outcomes [4]. As a result, there has been increased interest in
exploring the impact of multiple dimensions of ART adherence [5, 6].

The use of Medication Event Monitoring System (MEMS) enables the examination of
patterns of ART use. Recent research using MEMS has demonstrated that nonstructured
treatment interruptions are associated with resistance and other adverse clinical outcomes
[7–9]. Interruptions in nonnucleoside reverse-transcriptase inhibitor (NNRTI)-based
regimens have also been shown to be associated with an increased risk of viral rebound
among those with low-to-moderate overall adherence [10]. However, existing studies using
MEMS to examine ART adherence are small, without comparisons of adherence patterns
across multiple ART regimens. If different patterns of adherence have differential impact on
outcomes, more aggressive intervention may be warranted for patterns conferring higher
risk.

The goal of the current study, therefore, was to examine the impact of patterns of adherence
on HIV-RNA using a large pooled MEMS data set from the Multisite Adherence
Collaboration in HIV 14 study. Additionally, we sought to determine the differential impact
of covered time and interruptions in treatment by different ART regimen types on HIV-
RNA.

Methods
Multisite adherence collaboration in HIV 14 study

The MACH14 study has been described elsewhere [11]. Briefly, data was pooled from 16
studies conducted between 1997 and 2009 at 14 institutions in 12 states across the United
States. To be eligible for inclusion, studies were required to have a longitudinal study
design, collected adherence data using MEMS and collected HIV-RNA and clinical
outcomes. The overall study population included data from 2860 individuals followed over a
mean of 18 months.

Study population
MEMS data were available from 2498 participants with a total of 478 242 individual MEMS
openings in the MACH14 study. We restricted the sample to individuals with dosing
schedules of one, two, or three daily doses, sufficient follow-up to establish patterns (≥4
weeks), at least one HIV-RNA measured during the MEMS monitoring period and without
protocol-driven interruptions in MEMS monitoring.

Genberg et al. Page 2

AIDS. Author manuscript; available in PMC 2013 July 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



By design, some MACH14 studies monitored multiple drugs using multiple MEMS at the
same time per participant. In some cases, there was only a brief period of overlapping
MEMS from the same individual (≤5 days), and these were included assuming that they
represented transitions between caps. In cases of more than 5 days overlap, we selected one
MEMS to include based on the monitored medicine using the following prioritization:
NNRTI, boosted protease inhibitor, protease inhibitor, other. If there were multiple
medicines of the same type monitored simultaneously from one individual, we selected the
cap with the greatest number of openings.

After the above restrictions, the sample included 1088 individuals with 3795 HIV-RNA
measures, with an average of 3.5 HIV-RNA measures per person (SD: 3.2, range: 1–30).

Statistical analysis
We restricted MEMS data to the 28 days prior to each HIV-RNA measurement. The
outcome of interest was a dichotomous variable indicating detectable plasma HIVRNA
(>400 copies/ml). We chose this cutoff due to the varying sensitivity of HIV-RNA assays
during the years data was collected.

Standard descriptive statistics were used to describe sociodemographics and characteristics
associated with the 28-day periods preceding HIV-RNA measurements. A categorical
variable classified the medication regimens as: NNRTI, boosted protease inhibitor, protease
inhibitor, or other regimen type (included two nucleoside reverse-transcriptase inhibitors
with no other reported drug, fusion inhibitors, or unspecified/unknown regimens).

To measure adherence, we used an approach that took advantage of the MEMS data by
capturing both dose frequency and dose timing. Our goal was to estimate the fraction of time
during the 28 days that drug levels were in therapeutic range. Beginning with elapsed time
between MEMS openings, we considered any lapse that exceeded 3 h from the prescribed
time as ‘noncovered’ time. Noncovered time was calculated according to the dosing
schedule. For once, twice and thrice daily dosing schedules, noncovered time was a sum of
the time over the previous 28 days when lapses between openings exceeded 27, 15 and 11 h
between openings, respectively. For each schedule, credit was given for the last dose taken
(i.e., subtracted from the total noncovered time) as 24, 12 and 8 h, respectively, in order to
roughly correspond to therapeutic range of drug levels. We calculated the covered time by
expressing the total amount of noncovered time/hours as a percentage of all time within the
previous 28 days and subtracted it from 100%. The longest interruption was the longest
amount of consecutive noncovered time over the 28 days.

We created categorical variables with five categories of comparable groups for both covered
time and longest interruption. The categories for covered time were 0–25%, 26–50%, 51–
75%, 76–92% and 93–100% (reference). The categories for the longest interruption were 0–
48 h (reference), 2–7 days, 7–14 days, 14–21 days and 21 days or longer. We created a
covariate to account for the noncovered time not accounted for by the longest interruption.
We created a variable indicating deciles of the percentage of noncovered time that was
accountable for by the longest interruption in order to determine the impact of consecutive
missed doses at various levels of coverage.

For both adherence measures (covered time and longest interruption), graphical analysis was
conducted by plotting observed adherence by the proportion with detectable HIV-RNA by
medication regimen, using the loess function to smooth the data.

We considered two approaches to handle the clustering of the data: logistic regression
models with generalized estimating equations (GEEs) including a fixed effect for site and
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random effects models accounting for repeated measures from individuals nested within
study sites. Upon examining the intraclass correlations (ICC) from marginal models for both
approaches to determine which better represented the data structure, we conducted all
regression analysis using GEE models with clustering by individual, robust standard errors
and a fixed effect for site, as the ICC within site was low (ICC=0.090) compared with within
individuals (ICC=0.758), and the random effects model was unstable and imprecise.

We fitted a series models to determine the effects of covered time and the longest
interruption in the prior 28 days on detectable HIV-RNA. Models with the categorical
variables described above were estimated separately for covered time and longest
interruption including interaction terms to obtain medication-type specific parameter
estimates. In the longest interruption models, we adjusted for the remaining noncovered
time. Other potential confounders (age, sex, race, educational attainment) were examined
independently and excluded if not associated with detectable HIVRNA (P>0.10). We
compared the predicted probabilities from these models with detectable HIV-RNA using
area under the curve (AUC) analysis. Finally, we examined the deciles of the percentage of
noncovered time that was accounted for by the longest interruption, both graphically and in
models predicting detectable HIV RNA.

Additional sensitivity analyses included the following: examination of the final models
adjusted for treatment experience at baseline; restricting the final model to those who were
ART-naive at baseline; examining the change in main effects after adjusting for calendar
year; and examination of the final models excluding those with less than 5% and more than
95% covered time because these groups have limited variability in adherence patterns. All
analyses were conducted with Stata version 11.0 (College Station, Texas, USA).

Results
Table 1 displays the demographic characteristics of the 1088 participants in the sample and
the time-varying characteristics from the 28-days prior to HIV RNA measures. Thirty-one
percent of the sample was women with a mean age of 40 years. Approximately, one-third of
the participants were treatment-naive at baseline. Half of the patients (51%) were taking
protease inhibitors, 14% NNRTIs, 8% boosted-protease inhibitors, and 27% other regimens.
Thirty-eight percent of HIV-RNA measures were detectable (>400 copies/ml). The mean
average covered time was 56%. The mean longest interruption was 7.1 days. The average
covered time was lower (P<0.0001) and the longest interruption was longer (P<0.0001) in
the 28-day periods prior to detectable HIV-RNA.

Percentage covered time in previous 28 days
Table 2 presents the distribution of percentage-covered time by medication regimen. Of the
five categories, within each regimen the highest proportion of patients was in the 0–25%
adherence range. Patients on NNRTI regimens had the largest proportion in the most
adherent group (28%), compared with 16, 19 and 18 percent in boosted-protease inhibitor,
protease inhibitor and others, respectively.

Table 3 presents the results of the covered time by medication regimen interaction model.
The odds ratios (ORs) represent the odds of having a detectable HIV-RNA comparing each
average adherence group to 93– 100% adherence, within medication type. There was an
increased risk of detectable HIV-RNA at 26–50% of covered time in the NNRTI [OR=2.43,
95% confidence interval (CI): 1.31–4.53] and protease inhibitor regimens (OR=1.74, 95%
CI: 1.18–2.57), but not in the boosted protease inhibitor (OR=1.04, 95% CI: 0.46–2.34) or
other regimens (OR=1.57, 95% CI: 0.86–2.87). Within all medication types, there were
statistically significant differences in the odds of detectable HIV-RNA comparing the lowest
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(0–25%) to the highest covered group, with the odds of detectable HIV-RNA ranging from
three to four times higher among the lowest group across all regimens. The interaction terms
were not statistically significant (all terms P>0.05).

Longest interruption in previous 28 days
Table 2 also presents the distributions of the longest interruption within medication
regimens. Between 40–50% of the longest interruptions across all regimens fell into the 0–
48 h category. Only 9% of patients on boosted protease inhibitor regimens were treatment
naive at baseline. Additionally, the proportion undetectable was higher among those who
were treatment naive at baseline, compared to those who were treatment experienced across
all medication types.

Table 3 also presents the odds ratios of detectable HIV-RNA comparing varying lengths of
interruption by medication type. Within each medication there was a dose–response
relationship observed with the odds of a detectable HIV-RNA rising incrementally with each
increasing longest interruption, compared to interruptions that were 0–48 h. Although the
boosted protease inhibitor group may not appear to follow this pattern, the lack of precision
in the estimates warrant caution. The odds of a detectable HIV-RNA were 35% higher in the
protease inhibitor group for interruptions between 2–7 days (OR=1.35, 95% CI: 1.06–1.73)
compared with interruptions of 0–48 h, but not statistically significant in the NNRTI,
boosted protease inhibitor or other regimens. For all medications comparing to 0–48 h, the
odds of a detectable HIV-RNA were more than two-folds higher for longest interruptions
that were between 7–14 days (ORs ranged from 1.91 to 2.46). Comparing to interruptions of
0–48 h, the odds of a detectable HIV-RNA were between two to four times higher for
interruptions of 14–21 days (ORs ranged from 2.29 to 4.38) and from three to four times
higher for interruptions that 21 days or longer (ORs ranged from 3.21 to 4.38) across all
medication types. The interaction terms were not statistically significant (all terms P>0.05).

None of the potential demographic confounders (age, sex, race, educational attainment)
were statistically significant when included with the main covariates of interest (P>0.10 for
all) and were not included in the final models.

Figure 1 depicts percentage covered time (panel A) and longest interruption (panel B) in the
previous 28 days by the proportion detectable within each medication regimen. The boosted
protease inhibitor group was further stratified by previous treatment experience. Boosted
protease inhibitors with prior treatment showed the highest overall proportion detectable
HIV-RNA, followed by NNRTIs, protease inhibitors, and boosted protease inhibitors
without treatment experience. There was a sharper increase in the proportion detectable from
0 to 14 days in the longest interruption compared with covered time, followed by a
flattening and overlapping pattern. Although both measures were only fair in predicting
detectable HIV-RNA, the longest interruption had a slightly higher AUC (0.664 vs. 0.651,
P<0.01).

Figure 2 depicts deciles of noncovered time accounted for by the longest interruption and
the variations in patterns observed. With increasing deciles of noncovered time, the
proportion detectable, the average longest interruption and the average noncovered time
increase. With increasing deciles of noncovered time accounted for by the longest
interruption, there was a 9% increase in the odds of a detectable HIV RNA (OR=1.09, 95%
CI: 1.07–1.12). After adjusting for the total amount of covered time in the 28 days, there
was a 5% increase in the odds of a detectable HIV-RNA (OR=1.05, 95% CI: 1.02–1.07)
with each decile.
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Sensitivity analyses
Table 4 details the results of the two final models (categories of covered time and the
longest interruption) excluding those with very high (>95%) and very low (<5%) covered
time. The ORs estimated in these models demonstrate stronger associations than observed in
the final models overall. In addition, the models also demonstrated increased risk for
detectable HIV-RNA at 76–92% coverage (OR=1.47, 95% CI: 1.08–2.04) and for
interruptions between 2–7 days (OR=1.21, 95% CI: 1.00–1.46) compared to the highest
adherence groups.

Additional sensitivity analyses (data not shown) adjusting for treatment experience at
baseline or calendar year demonstrated no impact on the associations observed (e.g., <5%
change in magnitude across associations compared to final model). When restricting the
final model to treatment-naive individuals, the associations between detectable HIV-RNA
and longest interruption were in the same direction, but greater in magnitude than those from
the full sample.

Discussion
There are two main findings from this research. First, patterns of adherence have different
impact on the risk of detectable HIV-RNA. More specifically, missing days of medication
consecutively may have a greater impact on being detectable than missing the same amount
of time in a nonconsecutive manner. As the percentage of noncovered time that was
accounted for by the longest interruption increased, there were incremental increases in the
odds of detectable HIV-RNA, after controlling for the amount of noncovered time. Second,
although there were different results in terms of the strength of the associations by
medication regimen in models examining covered time and interruptions, the interactions
were not statistically significant. Still, there were some important differences including a
greater impact of covered time inNNRTI and protease inhibitor regimens of shorter
interruptions in the protease inhibitor regimen. NNRTI and boosted protease inhibitors have
longer half-lives than nonboosted protease inhibitors, which may partially explain the
relationships between detectable HIV-RNA with fewer missed consecutive days.

It is important to discuss any potential misinterpretations of the results. We are examining
whether or not HIVRNA was detectable without taking previous viral suppression or
baseline HIV-RNA into account, therefore, we are neither examining virologic rebound, nor
virologic success. Moreover, the ORs examine the odds of detectable HIV-RNA comparing
to the most adherent group within each medication class. The observed data in Fig. 1 show
the proportion detectable by covered time and longest interruption by medication type. Note
that both graphs show that the boosted protease inhibitor regimens have the highest levels of
detectable HIV-RNA, followed by NNRTI and protease inhibitor, even though the ORs
were the weakest for the boosted protease inhibitor group for moderate covered time. One
potential explanation for this finding is that the boosted protease inhibitor group are
primarily salvage regimens that were commonly prescribed between the years 2000 and
2008 when the data were collected. Although our data limits us in determining the exact
regimens patients were taking beyond the monitored drug, only 9% of the boosted protease
inhibitor patients were treatment naive at baseline, suggesting most were likely to be salvage
regimens.

Although it was initially thought that extremely high adherence to ART (>95%) was
necessary to achieve viral suppression [3], it is now understood that more moderate levels of
adherence can achieve suppression when using medications with longer half-lives such as
NNRTIs and boosted protease inhibitors [12]. Similar findings have been described for viral
rebound among patients on NNRTI regimens [10]. Although the current analysis suggests
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that consecutive interruptions may be a more important driver of viral outcomes overall, the
sensitivity analysis excluding those at the extremes of covered time showed that when
compared to the most adherent category, all categories of both covered time and the longest
interruption were associated with detectable HIV RNA. Further, the percentage of
noncovered time due to the longest interruption and covered time were both independently
associated with lack of suppression, suggesting that a fuller description of clinically relevant
patient behavior is accomplished by accounting for both measures.

Although consecutive interruptions seem to be harmful, it is unclear at what length a
consecutive interruption may begin to have a negative impact. In this study there was a clear
dose–response relationship with each increasing week of interrupted time, however, the
increased risk was statistically significant starting at interruptions between 7 and 14 days.
For protease inhibitor-based regimens, the increased risk was statistically significant at 2–7
days. However, this does not suggest that shorter interruptions are well tolerated. Our data
does not suggest a tolerable lower bound. Evidence from randomized controlled trials of
structured and CD4 guided treatment interruptions demonstrated deleterious effects of week-
long interruptions on clinical outcomes [13–15], however, small studies of shorter
interruptions such as 5 days on/2 days off appeared to be as effective as continuous therapy
[16, 17]. Recently, the deleterious impact of interruptions greater than 48 h, with an average
of 11 days, on the development of resistance was demonstrated [7], findings that are
consistent with the results presented here. Additional research with varied outcomes (i.e.,
rebound, resistance) is needed to determine whether there are tolerable lower bounds for
consecutive interruptions.

There are several implications of this study. Although the correlates of self-reported
adherence have been well characterized, self-reported measures do not allow for precision in
estimates of dose timing, and, therefore, the determinants and correlates of objectively
measured interruptions in medication taking are not well understood. Future research should
focus on the individual, interpersonal and structural determinants of consecutive missed
doses and the evaluation of interventions designed to address interruptions. Innovative
wireless technologies have been developed and evaluated as interventions to improve
adherence [18] and these technologies can be implemented with the goal of detecting
interruptions before viral rebound occurs. Individual barriers to adherence including side
effects, mental health and drug use [19, 20], as well as inadequate social support, lack of
physician support and insufficient patient-provider communication around adherence may
also contribute to interruptions. Patient–provider communication should focus on the
patterns of medication taking and work toward shortening and eliminating interruptions in
treatment. Structural barriers may significantly impact interruptions, particularly in settings
with unstable funding sources, high treatment costs, supply shortages and pharmacy stock
outs [21]. Future research should also focus on developing novel methods for capturing the
variation in patterns of medication taking among individuals with chronic conditions.

The results should also be interpreted in light of several limitations. First, we cannot be
certain that stopping the use of MEMS signified stopping medication, or that openings
meant for certain that the patient took the medication at the time of the opening. The latter is
concerning for patients who may remove more than one dose with each opening for later use
(’pocket-dosing’). There may have been misclassification by medication regimen, resulting
in a reduction of power to detect differences between the regimens. In particular, MEMS
among patients classified as ‘others’ were predominantly monitoring an nucleoside reverse
transcriptase inhibitor, with no additional information about the regimen, and it is likely that
a substantial proportion were misclassified. Finally, baseline HIV-RNA was not available
because data were not uniformly collected across studies at treatment initiation.
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There are additional limitations in the scope of the current analysis due to the challenges of
pooling data from multiple studies. We were not able to examine many covariates including
detailed treatment histories or resistance. The estimates presented may, therefore, be subject
to bias due to time-varying confounders that may have been affected by prior treatment, or
by time-varying confounders that were common antecedents of adherence and HIV-RNA
[22]. This is particularly concerning due to the lack of discrimination exhibited by either
measure and suggests potential bias due to prior treatment, resistance or lack of compliance
with MEMS. The lack of standardization across studies resulted in nonsystematic HIV-RNA
measurement timing and method (e.g. protocol-driven, clinical care). Finally, there may
have been differences between the populations under study not accounted for in the analysis,
introducing additional bias. Compared to previous studies, we have less concern regarding
external validity due to the large sample size representing several distinct geographic
regions and populations in the United States; however, we acknowledge that these results
may not be generalizable to non-US populations.

This study provides support for examining patterns of adherence beyond average adherence.
Our results suggest that consecutive interruptions may have a greater impact on HIV-RNA
than the same number of sporadically missed doses. The impact of occasional missed doses
is more pronounced with NNRTI and shorter half-life unboosted protease inhibitor
regimens. That long-term interruptions have been associated with increased risk of HIV as
well as non-HIV adverse events, including death, highlight the importance of interruptions
in determining long-term outcomes. These findings suggest that a greater focus on treatment
interruptions and their causes will be important in maximizing treatment outcomes for
individuals living with HIV.
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Fig. 1.
Proportion detectable by percentage covered time. Proportion detectable (HIV RNA >400
copies/ml) by (a) percentage covered time and (b) longest interruption in previous 28 days,
by medication regimen. b-PI, boosted protease inhibitor; NNRTI, nonnucleoside reverse-
transcriptase inhibitor.
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Fig. 2.
Proportion detectable (HIV RNA >400 copies/ml), average noncovered time (in days) and
average longest interruption (in days) by deciles of noncovered time accounted for by the
longest interruption.
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Table 1

Time fixed demographic and time-varying characteristics of 1088 participants from the MACH14 study.

Time-fixed % Mean (SD) Median (IQR)

Women 31

Age, in years 40.7 (8) 40.1 (35–46)

Race/ethnicity

     African–American/Black 44

     White 30

     Hispanic/Latino 19

     Other 7

Educational attainment

     Some high-school 23

     HS graduate/some college 63

     College graduate or higher 14

Treatment-naive at baseline 28

Number of HIV RNA measures per person 3.5 (3) 3 (1–5)

Time-varying % Mean (SD) Median (IQR)

Medication regimen type

     NNRTI 14

     Boosted-PI 8

     PI 51

     Other 27

HIV-RNA (copies/ml) 18 846 400 (400–1486)

Detectable HIV RNA (>400 copies/mL) 38

Covered time (%) 56 (35) 64 (20–89)

     Detectable HIV RNA 43 (33)a 39 (8–79)

     Undetectable HIV RNA 63 (33) 74 (40–92)

Length of longest interruption, in days 7.1 (9) 2.5 (0.7–10.0)

     Detectable HIV RNA 10.1 (8)b 6.3 (1.4–18.5)

     Undetectable HIV RNA 5.3 (10) 1.5 (0.6–6.1)

NNRTI, nonnucleoside reverse-transcriptase inhibitor; PI, protease inhibitor.

a
Difference between detectable and undetectable (t= 17.3, P<0.0001).

b
Difference between detectable and undetectable (t= 16.5, P<0.0001).

AIDS. Author manuscript; available in PMC 2013 July 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Genberg et al. Page 13

Ta
bl

e 
2

D
is

tr
ib

ut
io

n 
of

 a
dh

er
en

ce
 (

co
ve

ra
ge

 a
nd

 lo
ng

es
t i

nt
er

ru
pt

io
n 

in
 p

ri
or

 2
8 

da
ys

) 
an

d 
un

de
te

ct
ab

le
 H

IV
 R

N
A

 (
<

40
0 

co
pi

es
/m

l)
 in

 3
79

5 
28

-d
ay

 p
er

io
ds

, b
y

m
ed

ic
at

io
n 

re
gi

m
en

.

N
N

R
T

I 
(n

 =
 5

47
)

B
oo

st
ed

-P
I 

(n
 =

 3
15

)
P

I 
(n

 =
 1

91
9)

O
th

er
 (

n 
= 

10
14

)
T

ot
al

 (
n 

= 
37

95
)

C
ov

er
ed

 ti
m

e

   
  9

3–
10

0%
15

3 
(2

8)
49

 (
16

)
35

9 
(1

9)
18

2 
(1

8)
74

3 
(2

0)

   
  7

6–
92

%
83

 (
15

)
68

 (
22

)
45

8 
(2

4)
22

3 
(2

2)
83

2 
(2

2)

   
  5

1–
75

%
87

 (
16

)
69

 (
22

)
36

1 
(1

9)
18

3 
(1

8)
70

0 
(1

8)

   
  2

6–
50

%
68

 (
12

)
42

 (
13

)
26

8 
(1

4)
13

4 
(1

3)
51

2 
(1

3)

   
  0

–2
5%

15
6 

(2
9)

87
 (

28
)

47
3 

(2
5)

29
5 

(2
9)

10
08

 (
27

)

L
en

gt
h 

of
 lo

ng
es

t i
nt

er
ru

pt
io

n

   
  <

48
 h

23
6 

(4
3)

12
7 

(4
0)

96
0 

(5
0)

43
6 

(4
3)

17
59

 (
46

)

   
  >

2 
≤ 

7 
da

ys
10

4 
(1

9)
79

 (
25

)
45

2 
(2

4)
24

2 
(2

4)
87

7 
(2

3)

   
  >

7 
≤ 

14
 d

ay
s

56
 (

10
)

45
 (

14
)

18
9 

(1
0)

12
0 

(1
2)

41
0 

(1
1)

   
  >

14
 ≤

 2
1 

da
ys

40
 (

7)
  

20
 (

6)
  

84
 (

4)
  

65
 (

6)
  

20
9 

(6
) 

 

   
  >

21
 ≤

 2
8 

da
ys

11
1 

(2
0)

44
 (

14
)

23
4 

(1
2)

15
1 

(1
5)

54
0 

(1
4)

   
  T

re
at

m
en

t-
na

iv
e 

at
 b

as
el

in
e

12
4 

(2
3)

27
 (

9)
  

83
2 

(4
5)

41
5 

(4
1)

13
98

 (
38

)

U
nd

et
ec

ta
bl

e 
H

IV
 R

N
A

   
  A

ll
31

0 
(5

7)
16

1 
(5

1)
12

73
 (

66
)

62
7 

(6
2)

23
71

 (
62

)

   
  T

re
at

m
en

t-
na

iv
e

77
 (

62
)

19
 (

70
)

58
5 

(7
0)

28
9 

(7
0)

97
0 

(6
9)

   
  T

re
at

m
en

t-
ex

pe
ri

en
ce

d
23

3 
(5

5)
14

2 
(4

9)
66

7 
(6

4)
32

9 
(5

6)
13

71
 (

59
)

N
N

R
T

I,
 n

on
nu

cl
eo

si
de

 r
ev

er
se

-t
ra

ns
cr

ip
ta

se
 in

hi
bi

to
r;

 P
I,

 p
ro

te
as

e 
in

hi
bi

to
r.

 A
ll 

va
lu

es
 r

ep
re

se
nt

 N
 (

%
).

AIDS. Author manuscript; available in PMC 2013 July 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Genberg et al. Page 14

Ta
bl

e 
3

O
dd

s 
ra

tio
s 

an
d 

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

s 
of

 d
et

ec
ta

bl
e 

H
IV

 R
N

A
, p

er
ce

nt
ag

e 
co

ve
re

d 
tim

e 
an

d 
lo

ng
es

t i
nt

er
ru

pt
io

n 
in

 tr
ea

tm
en

t, 
by

 m
ed

ic
at

io
n 

re
gi

m
en

ty
pe

.

M
od

el
a

N
N

R
T

I 
(n

 =
 5

47
)

B
oo

st
ed

-P
I 

(n
 =

 3
15

)
P

I 
(n

 =
 1

91
9)

O
th

er
 (

n 
= 

10
14

)
T

ot
al

 (
n 

= 
37

95
)

C
ov

er
ed

 ti
m

e

   
  9

3–
10

0%
1.

00
1.

00
1.

00
1.

00
1.

00

   
  7

6–
92

%
1.

01
 (

0.
60

, 1
.6

4)
0.

83
 (

0.
46

, 1
.5

2)
1.

00
 (

0.
73

, 1
.3

6)
1.

21
 (

0.
76

, 1
.9

2)
1.

03
 (

0.
83

, 1
.2

8)

   
  5

1–
75

%
1.

11
 (

0.
61

, 2
.0

0)
0.

63
 (

0.
31

, 1
.2

6)
1.

22
 (

0.
87

, 1
.7

3)
1.

13
 (

0.
63

, 2
.0

0)
1.

11
 (

0.
86

, 1
.4

2)

   
  2

6–
50

%
2.

43
 (

1.
31

, 4
.5

3)
1.

04
 (

0.
46

, 2
.3

4)
1.

74
 (

1.
18

, 2
.5

7)
1.

57
 (

0.
86

, 2
.8

7)
1.

68
 (

1.
28

, 2
.2

2)

   
  0

–2
5%

4.
08

 (
2.

09
, 8

.2
2)

2.
77

 (
1.

27
, 6

.0
0)

3.
06

 (
2.

07
, 4

.5
2)

3.
36

 (
2.

03
, 5

.5
4)

3.
22

 (
2.

48
, 4

.1
9)

L
en

gt
h 

of
 lo

ng
es

t i
nt

er
ru

pt
io

nb

   
  <

48
 h

1.
00

1.
00

1.
00

1.
00

1.
00

   
  >

2 
≤ 

7 
da

ys
1.

12
 (

0.
61

, 1
.5

2)
1.

24
 (

0.
73

, 2
.0

9)
1.

35
 (

1.
06

, 1
.7

3)
0.

89
 (

0.
59

, 1
.3

5)
1.

15
 (

0.
96

, 1
.4

0)

   
  >

7 
≤ 

14
 d

ay
s

1.
91

 (
1.

10
, 3

.3
3)

2.
46

 (
1.

36
, 4

.4
5)

2.
16

 (
1.

50
, 3

.1
1)

1.
92

 (
1.

13
, 3

.2
4)

2.
06

 (
1.

58
, 2

.6
8)

   
  >

14
 ≤

 2
1 

da
ys

3.
37

 (
1.

75
, 6

.5
0)

4.
38

 (
1.

57
, 1

2.
2)

2.
65

 (
1.

72
, 4

.0
9)

2.
29

 (
1.

29
, 4

.0
8)

2.
74

 (
2.

04
, 3

.6
7)

   
  >

21
 ≤

 2
8 

da
ys

4.
38

 (
2.

17
, 8

.8
1)

3.
43

 (
1.

49
, 7

.9
1)

3.
21

 (
2.

20
, 4

.6
8)

4.
21

 (
2.

60
, 6

.8
5)

3.
65

 (
2.

77
, 4

.8
1)

N
N

R
T

I,
 n

on
nu

cl
eo

si
de

 r
ev

er
se

-t
ra

ns
cr

ip
ta

se
 in

hi
bi

to
r;

 P
I,

 p
ro

te
as

e 
in

hi
bi

to
r.

 A
ll 

in
te

ra
ct

io
n 

te
rm

s 
w

er
e 

P 
>

 0
.0

5.

a A
ll 

m
od

el
s 

w
er

e 
es

tim
at

ed
 u

si
ng

 g
en

er
al

iz
ed

 e
st

im
at

in
g 

eq
ua

tio
ns

 w
ith

 r
ob

us
t s

ta
nd

ar
d 

er
ro

rs
 a

nd
 a

 f
ix

ed
 e

ff
ec

t f
or

 s
tu

dy
 s

ite
.

b L
on

ge
st

 in
te

rr
up

tio
n 

m
od

el
s 

w
er

e 
al

so
 a

dj
us

te
d 

fo
r 

re
m

ai
ni

ng
 n

on
co

ve
re

d 
tim

e 
fr

om
 th

e 
pr

io
r 

28
 d

ay
s.

AIDS. Author manuscript; available in PMC 2013 July 17.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Genberg et al. Page 15

Table 4

Odds ratios and 95% confidence intervals of detectable HIV RNA by categories of covered time and the
longest interruption, excluding less than 5% and more than 95% covered time.

Excluding less than 5% and
more than 95% covered time

OR (95% CI)

Covered time

     93–100% 1.00

     76–92% 1.47 (1.08, 2.04)

     51–75% 1.56 (1.61, 3.50)

     26–50% 2.38 (1.61, 3.50)

     0–25% 4.23 (2.82, 6.34)

Length of longest interruption

     <48 h 1.00

     >2 ≤ 7 days 1.21 (1.00, 1.46)

     >7 ≤ 14 days 2.12 (1.62, 2.78)

     >14 ≤ 21 days 2.62 (1.85, 3.72)

     >21 ≤ 28 days 3.75 (2.46, 5.72)

CI, confidence interval; OR, odds ratio.
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