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Background: Adherence is one of the most crucial issues in the
clinical management of HIV-infected patients receiving antiretroviral therapy (ART).
Methods: A 2-item adherence questionnaire was introduced into the
Swiss HIV Cohort Study in July 2003. All 3607 eligible patients
were on ART for Q6 months and their current regimen for Q1 month.
Three definitions of nonadherence were considered: missing Q1
dose, missing Q2 doses, and taking G95% of doses in the past 4
weeks.
Results: Over 30% of patients reported missing Q1 dose, 14.9%
missed Q2 doses, and 7.1% took G95% of doses in the previous
4 weeks. The rate of drug holidays was 5.8%. Whether using more or
less conservative definitions of nonadherence, younger age, living
alone, number of previous regimens, and boosted protease inhibitor
regimens were independent factors associated with nonadherence.
There was a significant association between optimal viral suppression and nonadherence as well as a significant linear trend in optimal
viral suppression by missed doses.
Conclusions: Younger age, lack of social support, and complexity
of therapy are important factors that are related to nonadherence with
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A

ntiretroviral therapy (ART) has led to a substantial
reduction in HIV-associated morbidity and mortality and
HIV infection has entered the stage of chronic disease
management.1Y 4 Lasting suppression of viral replication is
the goal of ART and one of the most important factors
influencing long-term prognosis of HIV infection.5,6 Factors
associated with the failure of viral suppression and progression to AIDS or death are low CD4 cell counts and viremia at
the start of ART, nonnaivet2 to ART, adverse drug reactions,
and nonadherence to ART.7Y11
Nonadherence increases the risk of viral mutations,
which can result in cross-resistance to other medications12Y14 or transmission of multiresistant virus strains,
and thus the risk for initial therapy failure in subsequently
infected individuals.15,16 Although preliminary evidence
indicates that even high and sometimes complete adherence does not prevent accumulation of HIV drug
resistance mutations, suboptimal adherence remains a
critical issue in the development of resistance.13,17
Adherence is imperative to guarantee the effectiveness of
ART.18Y20
The medication event monitoring system is the most
reliable and sensitive method of assessing adherence,18 but it
is not feasible in a large HIV-infected population such as the
Swiss HIV Cohort Study (SHCS) largely due to cost. Patient
self-report has the advantage of low cost, simplicity, and
feasibility and correlates reasonably well with viral load and
suppression,21 but it can overestimate adherence rates due to
recall bias and social desirability.22
The goals of this study were to determine the
prevalence of self-reported adherence to ART in the SHCS
and to explore relationships between socioeconomic-,
patient-, condition-, therapy-, and system-related factors
and self-reported adherence to ART.
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METHODS
Patients
The SHCS is a prospective cohort study with continuing enrollment of HIV-infected individuals aged 16 years or
older. Beginning in July 2003, an adherence questionnaire
was introduced into the cohort follow-up. Visits take place
every 6 months at 7 outpatient clinics from participating HIV
centers, associated hospitals, or specialized private practices.
Eligible individuals were actively enrolled in the SHCS and
on potent ART for at least 6 months and their current regimen
for at least 1 month at the time of their first cohort visit after
July 2003. Potent ART was defined as any 2-class regimen
from a protease inhibitor (PI), nucleoside reverse transcriptase inhibitor (NRTI), nonnucleoside reverse transcriptase
inhibitor (NNRTI), or fusion inhibitor class, or a triple-NRTI
regimen. A treatment interruption of G4 weeks was allowed
except in the 4 weeks immediately prior to the date the
questionnaire was completed.

Outcome Definition
Four dimensions of adherence merit consideration when
focusing on the behavioral dimension of adherence to ART:
taking adherence (the extent to which a patient is taking a
prescribed drug regimen), timing adherence (the extent a
patient is adhering to the prescribed schedule for the drug
intake), drug holidays (the extent a patient is missing several
doses in a row), and food restrictions (the extent a patient is
adhering to drug intake in relation to food restrictions). Due to
feasibility constraints, the SHCS adherence questionnaire
includes only 2 questions: taking adherence (BHow often did
you miss a dose in the last 4 weeks: daily, more than once a
week, once a week, once every second week, once a month,
never?^) and drug holidays (BDid you have a period of no drug
intake for 924 hours in the last 4 weeks? Yes, no^). As there
is no standard definition of nonadherence, we considered
3 definitions, each increasingly less conservative: missing
Q1 dose of medication; missing Q2 doses of medication; and
taking G95% of prescribed doses of ART in the past 4 weeks.

Covariate Definitions
At each cohort visit, laboratory measurements are taken
and information on cardiovascular risk factors and social
support is collected. In addition, any changes in treatment,
such as dose, drugs, toxicity, and reasons for switching drugs,
are recorded. Using the new taxonomy of the World Health
Organization,23 correlates of nonadherence can be categorized as socioeconomic-related factors, patient-related factors, condition-related factors, treatment-related factors,
and system-related factors. We considered the following
socioeconomic-related factors: gender, age, ethnicity, education level (completed 9 years of mandatory schooling or less
vs. higher), having a stable partner in the previous 6 months,
and currently living alone. Patient-related factors were
current intravenous drug use or being in an intravenous
drug maintenance program and seeking psychiatric treatment
in the past 6 months. Condition-related factors included
progression to AIDS, time on current ART, and time on ART.
Treatment-related factors were number of previous ART
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regimens, daily pill burden, dose frequency (once daily, twice
daily, Q3 times daily), drug class of current regimen (NNRTI,
boosted PI, nonboosted PI, triple nucleoside), ART toxicity
since the year 2000, fat loss or fat gain in the past 12 months,
and current use of comedications (opportunistic infections,
hepatitis C, risk factors of cardiovascular disease). The
system-related factor was the center where the patient had
their last visit.

Definitions of Surrogate Markers for HIV
Infection
Optimal viral suppression was defined as having plasma
HIV RNA (viral load) G50 copies/mL allowing for nonconsecutive blips (50 eHIV RNA e400 copies/mL) over the
previous 6 months. Two consecutive blips or a viral load
9400 copies/mL was considered nonoptimal viral suppression. Increases in CD4 cell count were defined as any increase
of 950 or 9100  109/L in the previous 12 months.

Statistical Methods
For each of the 3 outcomes, univariate and multivariate
logistic regression models were used to assess the association
between the outcome and covariates. Initially, univariate
models were fit and factors associated with nonadherence
(P G0.10) were entered into multivariate models. Some
factors were excluded from the multivariate model due to
multicolinearity. To adjust for potential correlation in
adherence behavior within patients at the same center, a
multilevel mixed model was fit to the data with center as a
random effect. Likelihood ratio tests were used to determine
significant associations between covariates and nonadherence. Odds ratios (ORs) and 95% CIs were estimated. The
association between surrogate markers of HIV infection and
the outcomes was assessed in sensitivity analyses. Linear
trends in the data were assessed using the CochranYArmitage
trend test. All analyses were done with Stata 8.0 (StataCorp
LP, College Station, TX) and SAS version 8.2 (SAS Institute,
Cary, NC).

RESULTS
Sample Population and Nonresponders
In total, 5861 individuals were registered in the SHCS
and had not dropped out prior to July 1, 2003. Of these, 1458
were not on treatment and 128 did not complete an adherence
questionnaire. In addition, 668 did not meet the treatment criteria: 619 had not been on potent ART for at least 6 months and
49 had not been on their current regimen for at least 4 weeks. A
total of 3607 individuals were included in the analysis.
The 668 patients who did not meet eligibility criteria
were more likely to be female (33.7% vs. 28.6%), have a
basic education (30.9% vs. 25.7%), not be in a stable
partnership (48.8% vs. 40.8%), use intravenous drugs (15.0%
vs. 10.3%), and have been HIV positive for a shorter period
(8 vs. 10 years) compared with the analysis population.

Self-Reported Nonadherence
Self-reported nonadherence over the previous 4 weeks
was as follows: 31.1% of patients reported missing Q1 dose
* 2006 Lippincott Williams & Wilkins
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(range across centers: 26.1%Y41.5%); 14.9% reported
missing Q2 doses (range across centers: 11.0%Y22.3%); and
7.1% of patients took G95% of prescribed ART doses (range
across centers: 4.3%Y12.3%). Almost 6% reported having
taken a drug holiday (no drug intake in 924 hours) in the
previous 4 weeks (Table 1).
Adherence rates by potential correlates (Table 2A) and
surrogate markers of HIV infection (Table 2B) are provided.
The more nonadherent individuals become, the worse the
HIV infection profile. More than 78% of all patients had
optimal viral suppression during the previous 6 months; this
percentage dropped to 72.1% in those who had missed Q1
dose of medication, 64.0% in those who had missed Q2 doses,
and 58.4% in those with G95% adherence. The percentage of
individuals with increases in CD4 count of 950 cell per 109/L
in the previous year decreased from 57.1% to 49.8% with
diminishing adherence. Of those who reported taking a drug
holiday, only 52.8% had optimal viral suppression compared
with 80.4% of those who did not report taking a drug holiday.
A strong linear relationship was found between the number of
missed doses and optimal viral suppression (Fig. 1) and the
test for linear trend was highly significant (P G0.0001).

Univariate Results
Across all 3 definitions of adherence, univariate models
showed that individuals of younger age, female gender, basic
education, living alone, currently using intravenous drugs,
with higher number of previous ART regimens, higher daily
pill burden, and not on an NNRTI-based regimen were more
likely to nonadhere to therapy (Table 3). Pill burden was not
included in the multivariate models due to high correlation
with drug regimen.

Multivariate Results
Table 3 provides the results of the multivariate models.
For all 3 definitions of adherence, individuals of younger age,

TABLE 1. Self-Reported Nonadherence to Potent ART in
the SHCS
Total patients, n
How often a dose was missed in past 4 weeks, %
Never
Once a month
Once every 2 weeks
Once a week
More than once a week
Every day
Drug holidays, %
No drug intake 924 hours
Percent adherence in the past 4 weeks
Q95%
90%Y95%
G90%
Nonadherence in the past 4 weeks
Missed Q1 dose
Missed Q2 doses

3607
68.9
17.3
6.7
3.1
3.1
1.0
5.8
92.9
6.0
1.1
31.1
14.9

Correlates of Nonadherence in HIV

living alone, having a higher number of previous ART
regimens, and those on a boosted PI regimen were significantly
more likely to nonadhere to therapy in the previous 4 weeks.
Odds ratios and confidence intervals were similar for all
models although the effect strengthened as the definition of
adherence became less conservative. In all models, there was a
significant amount of variation in nonadherence explained by
the center where the patient had their follow-up visit even after
adjusting for all other variables in the model.
In each of the 3 final models, additional variables were
significantly associated with nonadherence in the multivariate
model. For nonadherence defined as missing Q1 dose,
individuals on their current regimen for a longer time
(OR 1.08, 95% CI: 1.02 to 1.13) were more likely to nonadhere
to therapy, whereas individuals taking comedication for opportunistic infections (OR 0.65, 95% CI: 0.43 to 0.98) were less
likely to nonadhere to therapy. For nonadherence defined as
missing Q2 doses, individuals on a nonboosted PI regimen (OR
1.53, 95% CI: 1.15 to 2.04) were more likely to nonadhere to
therapy, whereas individuals with reported fat loss (OR 0.76,
95% CI: 0.60 to 0.95) were less likely to nonadhere to therapy.
For nonadherence defined as taking G95% of doses, individuals
with a basic education (OR 1.42, 95% CI: 1.04 to 1.94), current
intravenous drug users (OR 1.67, 95% CI: 1.12 to 2.51), and
those on a nonboosted PI regimen (OR 1.70, 95% CI: 1.12 to
2.57) or a triple-nucleoside regimen (OR 2.03, 95% CI: 1.33 to
3.11) were more likely to nonadhere to therapy, whereas
individuals of white race (OR 0.66, 95% CI: 0.46 to 0.95) and
with reported fat loss (OR 0.63, 95% CI: 0.45 to 0.88) were less
likely to nonadhere to therapy.

Sensitivity Analyses
As a sensitivity analysis, surrogates of HIV infection
(optimal viral suppression and increases in CD4 count of 950
cells) were added to the final multivariate models. Individuals
who had optimal viral suppression over the previous 6 months
were significantly less likely to nonadhere (P G0.001) in all 3
multivariate models (Q1 dose: OR 0.62, 95% CI: 0.51 to 0.75;
Q2 doses: OR 0.49, 95% CI: 0.39 to 0.62; G95% adherence:
OR 0.44, 95% CI: 0.32 to 0.60). Individuals with increases in
CD4 cell count of 950 cells  10/L were significantly less
likely to nonadhere only as the definition of nonadherence
became less conservative (Q2 missed doses: OR 0.73, 95%
CI: 0.59 to 0.91, P = 0.004; G95% adherence: OR 0.69, 95%
CI: 0.51 to 0.93, P = 0.02).
With all 3 adherence outcomes, most ORs for original
covariates remained very similar, with slightly wider CIs but
with no resulting change in significance. Exceptions were
that once daily became significant (OR 0.48, 95% CI: 0.25 to
0.92) for missing Q2 doses, and age, basic education, and
nonboosted PI regimen became nonsignificant (P 90.05) for
G95% adherence.

DISCUSSION
To our knowledge, this is the largest study so far to look
at correlates of self-reported nonadherence in HIV-infected
individuals. The analysis population includes individuals
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TABLE 2A. Adherence Rates by Potential Correlates and Surrogate Markers of HIV Infection
Factors by Self-Reported Nonadherence*

Total, n (%)
Age in years
Mean (SD)
Gender, %
Male
Race, %
White
Black
Hispanic American
Asian
Other/unknown
Education, %
Basic
Stable partnership, %
Living alone, %
Current IV drug use or drug treatment program, %†
Psychiatric treatment, %†
AIDS, %
Years on ART, mean (SD)
Current ART
All previous ART
Years since first positive HIV test
Mean (SD)
Number of previous regimens
Mean (SD)
Median
Daily pill burden, %
Mean (SD)
Median
G7
7Y11
Q12
ART Toxicity, %‡
Major toxicity
Other toxicity
None
Lipodystrophy, %
Any fat loss
Any fat gain
Dose frequency, %
Once daily
Twice daily
Q3 times daily
Current drug regimen, %
NNRTI
PI boosted
PI nonboosted
Triple nucleoside
Current comedication, %
Cardiovascular risk factors
Hepatitis C
Opportunistic infections

All Patients

Missed Q 1 Dose

Missed Q 2 Doses

G 95% Doses Taken

3607 (100)

1123 (31.1)

537 (14.9)

258 (7.2)

43.5 (9.7)

42.5 (9.1)

42.2 (9.0)

41.4 (8.3)

71.4

68.6

67.2

65.5

82.7
9.6
1.8
3.2
2.6

81.0
10.3
2.1
2.9
3.6

79.0
11.0
2.4
3.9
3.7

75.2
13.2
2.7
4.7
4.3

25.7
59.2
41.5
10.3
7.1
30.1

29.2
59.3
44.6
13.1
8.6
28.9

31.3
56.8
45.4
13.8
8.6
29.8

37.7
56.0
48.0
18.3
8.9
31.4

2.2 (1.7)
4.6 (2.8)

2.3 (1.7)
4.6 (2.8)

2.2 (1.8)
4.5 (2.9)

2.1 (1.6)
4.1 (2.8)

10.1 (5.5)

11.1 (5.3)

11.2 (5.2)

11.0 (5.2)

4.3 (3.3)
3

4.6 (3.4)
4

4.9 (3.6)
4

4.9 (3.6)
4

7.6 (5.1)
6
50.1
22.7
27.3

8.0 (5.3)
8
46.7
24.3
29.0

8.3 (5.2)
8
42.6
27.1
30.3

8.1 (5.5)
8
44.4
25.7
30.0

26.1
19.2
54.8

26.1
19.8
54.1

27.2
23.3
49.5

28.7
24.8
46.5

30.6
28.9

29.8
28.5

28.0
28.6

25.2
28.0

5.2
91.8
3.1

3.8
92.7
3.5

3.4
92.7
3.9

5.8
93.0
1.2

32.2
25.9
25.0
16.9

27.8
26.7
27.3
18.3

24.8
27.8
29.8
17.7

21.7
24.0
31.8
22.5

2.6
0.9
4.1

2.9
0.6
2.9

2.8
0.6
3.5

2.3
0.8
5.0

*Nonadherence in the previous 4 weeks.
†In the 6-month period prior to the adherence questionnaire.
‡Any ART toxicity since the year 2000. Major toxicities were abnormal fat distribution, hypersensitivity reaction, abdominal/gastrointestinal tract, nervous
system, and hematologic toxicity.
IV indicates intravenous.
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TABLE 2B. Adherence Rates by Potential Correlates and Surrogate Markers of HIV Infection
Surrogates for HIV Infection by Self-Reported Nonadherence*

Total, n (%)
Optimal viral suppression†
HIV RNA viral load (copies/mL), %‡
Mean (SD) of log copies/mL
G 50
50Y399
Q400
CD4 increase (cells per 109/L), %§
950
9100
CD4 count (cells per 109/L), %‡
Mean (SD)
G200
200Y349
350Y499
Q500

All Patients

Missed Q 1 Dose

Missed Q 2 Doses

3607 (100)
78.9

1123 (31.1)
72.1

537 (14.9)
64.0

258 (7.2)
59.2

1.8 (3.0)
79.5
9.0
11.5

2.4 (3.4)
72.5
9.7
17.8

3.1 (3.8)
64.2
10.7
25.1

3.7 (4.1)
58.4
11.0
30.6

57.1
34.4

54.7
33.5

50.9
31.9

49.8
33.0

492.6 (279)
11.0
22.8
24.7
41.6

488.5 (268)
10.8
21.7
26.9
40.7

463.4 (268)
12.9
23.9
26.5
36.7

452.6 (263)
14.6
23.7
26.1
35.6

G 95% Doses Taken

*Nonadherence in the previous 4 weeks.
†In the 6-month period prior to the adherence questionnaire. For definition see BMethods^ section.
‡Closest to the date of the adherence questionnaire.
§In the 12-month period prior to the adherence questionnaire.

receiving ART for at least 6 months and has large proportions
of women and patients from different ages and HIV
transmission groups.
A clinically meaningful definition of the level of
adherence below which patients with HIV are at risk for
poor virologic outcome has yet to be determined. For this
reason, we chose relatively conservative definitions of nonadherence because even minimal deviations in dosing are
known to affect outcome18 and self-report is associated with
underreporting of nonadherence.23,24 With the most conservative definition of nonadherence, we found 31.1% of
patients missing Q1 dose of ART, which is lower than
nonadherence rates between 40% and 80% that have been
found by others in both clinical trials and clinical practice
settings. These differences may depend in part on operational

FIGURE 1. Proportion virally suppressed in previous 6 months
by the number of doses missed during the previous 4 weeks.

definitions, case finding, or measurement methods for
nonadherence.23
We were unable to detect a significant association
between nonadherence and gender, and the significance of
ethnicity and education depended on the definition of nonadherence, which could explain the conflicting results found in
previous studies.18,19,25,26 We included an indicator of those
seeking psychiatric treatment in the previous 6 months, as this
may capture those who have anxiety or depression, known
correlates of nonadherence.18,27,28 However, we did not have
sufficient power to detect an association. We did not detect
an association between nonadherence and reported ART
toxicity, which was defined as the reason an individual
stopped a particular drug since the year 2000. This definition
might not accurately measure symptom distress due to
side effects, which was found to significantly correlate with
nonadherence.29,30
Using more liberal definitions of nonadherence
strengthened several trends found with the most conservative
definition with respect to race, education, intravenous drug
use, triple-nucleoside therapy, and fat loss. Individuals on a
nonboosted PI regimen were just as likely to miss Q1 dose but
were more likely to miss Q2 doses or to take G95% of ART
doses when compared with those on an NNRTI-based
regimen. This could be due to the higher pill burden and
dosing frequency for PI-based regimens.
It is increasingly recognized that system factors are an
understudied but important set of determinants of compliance.31 This study found that for definitions of nonadherence,
compliance rates differed between centers even after
controlling for a range of other factors. This is an important
finding as these center differences might be a proxy of
differences in clinical and behavioral management of patients
among centers, such as continuous compliance assessment,
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TABLE 3. Correlates of Self-Reported Non-Adherence to Potent ART in the Last 4 Weeks
Missed Q 1 Dose
Univariate OR
(95% CI)

Factor Dimensions
Socioeconomic-related
Age (in years)
Male Gender
Caucasian race
Basic Education
Stable Partnership
Living Alone
Patient and
condition-related
Current IV drug
use or in drug
treatment program
Psychiatric treatment
AIDS
Time on current
ART (years)†
Time on ART (years)†
Treatment-related
Number of previous
regimens
Daily pill burden
G7
7Y11
Q 12
ART toxicity†‡
Major toxicity
Other toxicity
None
Lipodystrophy in
previous year
Any fat loss
Any fat gain
Dose frequency
Once daily
Twice daily
Three times or
more daily
Current drug regimen
NNRTI
PIYnon-boosted
PIYboosted
Triple nucleoside
Co-medication
Cardiovascular
Hepatitis C
Opportunistic infections

Missed Q 2 Doses
Multivariate OR
(95% CI)
0.98 (0.97 to 0.99)
0.90 (0.72 to 1.13)
0.88 (0.67 to 1.16)
1.15 (0.91 to 1.45)

0.002
0.36
0.37
0.23

0.003

0.98 (0.97 to 0.99)
0.81 (0.67 to 0.99)
0.79 (0.63 to 0.99)
1.37 (1.11 to 1.69)
0.89 (0.74 to 1.08)
1.18 (0.98 to 1.42)

1.27 (1.04 to 1.56)

0.02

0.97 (0.96 to
0.78 (0.59 to
0.67 (0.49 to
1.76 (1.33 to
0.87 (0.67 to
1.30 (1.00 to

1.18 (0.92 to 1.52)

0.19

1.50 (1.14 to 1.98)

1.22 (0.89 to 1.68)

0.22

2.05 (1.46 to 2.88)

1.26 (0.92 to 1.52)

0.12

1.14 (0.78 to 1.65)

0.50

1.08 (1.02 to 1.13)

0.004

1.32 (0.95 to 1.85)
1.00 (0.81 to 1.22)
1.03 (0.97 to 1.08)

1.37 (0.87 to 2.15)
1.09 (0.83 to 1.43)
1.00 (1.00 to 1.00)

P

0.99)
0.97)
1.07)
1.49)
1.17)
1.37)

0.98 (0.97 to 0.99)
0.88 (0.74 to 1.05)

G 0.001
0.16

1.11 (0.93 to 1.33)

0.23

1.26 (1.08 to 1.47)

1.47 (1.18 to 1.84)

1.42 (1.09 to 1.85)
0.92 (0.78 to 1.07)
1.06 (1.02 to 1.11)

0.98 (0.98 to
0.83 (0.71 to
0.88 (0.73 to
1.25 (1.06 to
1.01 (0.87 to
1.19 (1.03 to

value

1.00 (0.98 to 1.03)
1.04 (1.01 to 1.06)

G 95% of Drugs Taken

Univariate OR
(95% CI)

Multivariate OR
(95% CI)

P

value

0.99 (0.95 to 1.02)
1.05 (1.02 to 1.07)

G 0.001

1.05 (1.02 to 1.08)

1.06 (1.03 to 1.10)

G 0.001

Univariate OR
(95% CI)
0.99)
1.02)
0.90)
2.32)
1.13)
1.68)

1.00)
1.35)
0.95)
1.94)

value
0.02
0.92
0.03
0.03
0.002

1.67 (1.12 to 2.51)

0.01

0.94 (0.89 to 0.98)

0.96 (0.91 to 1.01)

0.12

1.04 (1.00 to 1.07)

1.08 (1.03 to 1.12)

0.001

0.63 (0.45 to 0.88)

0.008

1.0
1.70 (1.12 to 2.57)
1.98 (1.32 to 2.92)
2.03 (1.33 to 3.11)

0.01
0.001
0.001

1.0
1.76 (1.39 to 2.22)
1.72 (1.37 to 2.16)

1.0
1.52 (1.10 to 2.10)
1.64 (1.20 to 2.24)

1.0
0.99 (0.83 to 1.17)
1.02 (0.82 to 1.26)

1.0
0.88 (0.71 to 1.10)
1.19 (0.92 to 1.56)

1.0
0.79 (0.58 to 1.08)
1.18 (0.83 to 1.68)

0.91 (0.78 to 1.06)
0.92 (0.78 to 1.07)

0.82 (0.67 to 1.01)
0.93 (0.75 to 1.15)

0.76 (0.60 to 0.95)

0.02

0.70 (0.52 to 0.94)
0.89 (0.66 to 1.18)

0.62 (0.43 to 0.88)
1.0
1.26 (0.85 to 1.89)

0.69 (0.46 to 1.03)
1.0
1.16 (0.75 to 1.78)

0.07
Y
0.51

0.58 (0.35 to 0.95)
1.0
1.52 (0.93 to 2.49)

0.56 (0.31 to 1.01)
1.0
1.31 (0.77 to 2.22)

0.06
Y
0.31

1.06 (0.61 to 1.83)
1.0
0.41 (0.13 to 1.31)

1.0
1.48 (1.21 to 1.81)
1.52 (1.25 to 1.86)
1.31 (1.05 to 1.62)

1.0
1.19 (0.95 to 1.48)
1.37 (1.10 to 1.69)
1.19 (0.95 to 1.50)

Y
0.13
0.004
0.13

1.0
1.80 (1.39 to 2.34)
1.89 (146 to 2.44)
1.31 (0.98 to 1.75)

1.0
1.53 (1.15 to 2.04)
1.53 (1.15 to 2.03)
1.24 (0.91 to 1.69)

Y
0.004
0.003
0.18

1.0
1.76 (1.20 to 2.59)
2.23 (1.56 to 3.19)
1.95 (1.32 to 2.87)

0.04

1.11 (0.63 to 1.96)
0.68 (0.20 to 2.26)
0.89 (0.54 to 1.46)

0.65 (0.43 to 0.98)

0.98 (0.96 to
0.98 (0.72 to
0.66 (0.46 to
1.42 (1.04 to

P

1.55 (1.17 to 2.05)

1.0
1.31 (1.09 to 1.57)
1.34 (1.13 to 1.59)

1.16 (0.74 to 1.80)
0.65 (0.28 to 1.53)
0.61 (0.41 to 0.91)

Multivariate OR
(95% CI)

0.92 (0.40 to 2.14)
1.05 (0.25 to 4.47)
1.37 (0.76 to 2.47)

†ART indicates antiretroviral therapy.
‡Any ART toxicity since the year 2000. Major toxicities were abnormal fat distribution, hypersensitivity reaction, abdominal/GI tract, nervous system, and hematologic toxicity.

support provided in patients’ self-management, and quality
of relationship between patient and health care provider.
In a sensitivity analysis, we found a statistically
significant association between nonadherence and optimal
viral suppression that strengthened as the definition of
nonadherence became less conservative. Our results add to
evidence from previous studies that have demonstrated
acceptable correlation between self-reported drug adherence
and HIV-1 plasma viral load,12,17,21,32Y34 thus providing
clinical validation of self-reported drug intake in HIVinfected individuals taking ART. Previously, conflicting
results were found between CD4 cell counts and nonadher-
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ence.19,30 In this analysis, we found a significant association between nonadherence and increases in CD4 cell
count only with the 2 least conservative definitions of
nonadherence.
This study has several strengths. We defined adherence
in 3 different ways using 2 simple questions that are easy to
understand and clinically relevant. We have detailed data on
treatment from a large cohort of HIV-infected individuals and
our analysis had the power to verify suspected trends in
adherence. In addition, detailed treatment information is
collected on individuals in the SHCS, allowing us to explore a
large range of treatment-related variables. We controlled for
* 2006 Lippincott Williams & Wilkins
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variations in nonadherence across centers, providing a more
accurate picture of trends in the data.
This study also has several limitations. The analysis is
based on cross-sectional, not prospective, data and therefore
no causal conclusions can be drawn. In addition, we did not
have information on food restrictions or alcohol abuse,
variables known to be correlated with nonadherence.18,27,28
Adherence has become one of the most crucial issues in
the clinical management of HIV-infected patients receiving
ART to achieve sustained long-term suppression of HIV
replication and to avoid resistance to antiretroviral drugs. These
results confirm the importance of understanding the necessary
level of nonadherence as it relates to patient outcomes. Health
care providers need to provide the foundation and support for
the behavioral dimension of long-term disease management
and recognize that younger patients and those without social
support are at increased risk for nonadherence. Preliminary
evidence from our study suggests that patients on NNRTI
regimens, especially when compared with those on PI regimens, may be at lower risk for nonadherence.
REFERENCES
1. Greub G, Ledergerber B, Battegay M, et al. Clinical progression,
survival, and immune recovery during antiretroviral therapy in patients
with HIV-1 and hepatitis C virus coinfection: the Swiss HIV Cohort
Study. Lancet. 2000;356:1800Y1805.
2. Egger M, Hirschel B, Francioli P, et al. Impact of new antiretroviral
combination therapies in HIV infected patients in Switzerland:
prospective multicentre study. Swiss HIV Cohort Study. BMJ. 1997;315:
1194Y1199.
3. Detels R, Munoz A, McFarlane G, et al. Effectiveness of potent
antiretroviral therapy on time to AIDS and death in men with known HIV
infection duration. Multicenter AIDS Cohort Study Investigators. JAMA.
1998;280:1497Y1503.
4. Palella FJ Jr, Delaney KM, Moorman AC, et al. Declining morbidity and
mortality among patients with advanced human immunodeficiency virus
infection. HIV Outpatient Study Investigators. N Engl J Med. 1998;338:
853Y860.
5. Ledergerber B, Egger M, Opravil M, et al. Clinical progression and
virological failure on highly active antiretroviral therapy in HIV-1
patients: a prospective cohort study. Swiss HIV Cohort Study. Lancet.
1999;353:863Y868.
6. Paredes R, Mocroft A, Kirk O, et al. Predictors of virological success
and ensuing failure in HIV-positive patients starting highly active
antiretroviral therapy in Europe: results from the EuroSIDA study.
Arch Intern Med. 2000;160:1123Y1132.
7. Yeni PG, Hammer SM, Hirsch MS, et al. Treatment for adult HIV
infection: 2004 recommendations of the International AIDS
Society-USA Panel. JAMA. 2004;292:251Y265.
8. Antinori A, Cozzi-Lepri A, Ammassari A, et al. Relative prognostic
value of self-reported adherence and plasma NNRTI/PI concentrations to
predict virological rebound in patients initially responding to HAART.
Antivir Ther. 2004;9:291Y296.
9. Carrieri MP, Raffi F, Lewden C, et al. Impact of early versus late
adherence to highly active antiretroviral therapy on immuno-virological
response: a 3-year follow-up study. Antivir Ther. 2003;8:585Y594.
10. Garcia de Olalla P, Knobel H, Carmona A, et al. Impact of adherence and
highly active antiretroviral therapy on survival in HIV-infected patients.
J Acquir Immune Defic Syndr. 2002;30:105Y110.
11. Le Moing V, Chene G, Carrieri MP, et al. Predictors of virological
rebound in HIV-1-infected patients initiating a protease inhibitorcontaining regimen. AIDS. 2002;16:21Y29.
12. Sethi AK, Celentano DD, Gange SJ, et al. Association between
adherence to antiretroviral therapy and human immunodeficiency virus
drug resistance. Clin Infect Dis. 2003;37:1112Y1118.
13. Cohen OJ, Fauci AS. Transmission of multidrug-resistant human

14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.

33.
34.

Correlates of Nonadherence in HIV
immunodeficiency virus: the wake-up call. N Engl J Med. 1998;339:
341Y343.
Wainberg MA, Friedland G. Public health implications of antiretroviral
therapy and HIV drug resistance. JAMA. 1998;279:1977Y1983.
Quinn TC, Wawer MJ, Sewankambo N, et al. Viral load and heterosexual
transmission of human immunodeficiency virus type 1. Rakai Project
Study Group. N Engl J Med. 2000;342:921Y929.
Wagner GJ, Remien RH, Carballo-Dieguez A, et al. Correlates
of adherence to combination antiretroviral therapy among members of
HIV-positive mixed status couples. AIDS Care. 2002;14:105Y109.
Bangsberg DR, Charlebois ED, Grant RM, et al. High levels of
adherence do not prevent accumulation of HIV drug resistance
mutations. AIDS. 2003;17:1925Y1932.
Paterson DL, Swindells S, Mohr J, et al. Adherence to protease inhibitor
therapy and outcomes in patients with HIV infection. Ann Intern Med.
2000;133:21Y30.
Mannheimer S, Friedland G, Matts J, et al. The consistency of adherence
to antiretroviral therapy predicts biologic outcomes for human
immunodeficiency virus-infected persons in clinical trials. Clin Infect
Dis. 2002;34:1115Y1121.
Chesney MA, Ickovics J, Hecht FM, et al. Adherence: a necessity for
successful HIV combination therapy. AIDS. 1999;13(Suppl A):S271YS278.
Chesney MA. Factors affecting adherence to antiretroviral therapy.
Clin Infect Dis. 2000;30(Suppl 2):S171YS176.
Chesney MA, Morin M, Sherr L. Adherence to HIV combination
therapy. Soc Sci Med. 2000;50:1599Y1605.
Burkhart PV, Sabate E. Adherence to long-term therapies: evidence for
action. J Nurs Scholarsh. 2003;35:207.
Paterson DL, Potoski B, Capitano B. Measurement of adherence
to antiretroviral medications. J Acquir Immune Defic Syndr. 2002;31
(Suppl 3):S103YS106.
Holzemer WL, Corless IB, Nokes KM, et al. Predictors of self-reported
adherence in persons living with HIV disease. AIDS Patient Care STDS.
1999;13:185Y197.
Kleeberger CA, Phair JP, Strathdee SA, et al. Determinants of
heterogeneous adherence to HIV-antiretroviral therapies in the Multicenter
AIDS Cohort Study. J Acquir Immune Defic Syndr. 2001;26:82Y92.
Ammassari A, Trotta MP, Murri R, et al. Correlates and predictors of
adherence to highly active antiretroviral therapy: overview of published
literature. J Acquir Immune Defic Syndr. 2002;31(Suppl 3):S123YS127.
Arnsten JH, Demas PA, Grant RW, et al. Impact of active drug use on
antiretroviral therapy adherence and viral suppression in HIV-infected
drug users. J Gen Intern Med. 2002;17:377Y381.
Johnson MO, Catz SL, Remien RH, et al. Theory-guided, empirically
supported avenues for intervention on HIV medication nonadherence:
findings from the Healthy Living Project. AIDS Patient Care STDS.
2003;17:645Y656.
Heath KV, Singer J, O’Shaughnessy MV, et al. Intentional nonadherence
due to adverse symptoms associated with antiretroviral therapy. J Acquir
Immune Defic Syndr. 2002;31:211Y217.
World Health Organization. Adherence to long-term therapies: evidence
for action. Geneva, Switzerland, 2003. Available at: www.who.int/
chronic_conditions/adherencereport/en.
Haubrich RH, Little SJ, Currier JS, et al. The value of patient-reported
adherence to antiretroviral therapy in predicting virologic and
immunologic response. California Collaborative Treatment Group.
AIDS. 1999;13:1099Y1107.
Nieuwkerk PT, Sprangers MA, Burger DM, et al. Limited patient
adherence to highly active antiretroviral therapy for HIV-1 infection in
an observational cohort study. Arch Intern Med. 2001;161:1962Y1968.
Bangsberg DR, Hecht FM, Charlebois ED, et al. Adherence to protease
inhibitors, HIV-1 viral load, and development of drug resistance in an
indigent population. AIDS. 2000;14:357Y366.

APPENDIX
The members of the Swiss HIV Cohort Study are M.
Battegay, E. Bernasconi, J. BPni, H. Bucher, Ph. B[rgisser, S.
Cattacin, M. Cavassini, R. Dubs, M. Egger, L. Elzi, P. Erb, K.
Fantelli, M. Fischer, M. Flepp, A. Fontana, P. Francioli (President of the SHCS, Centre Hospitalier Universitaire Vaudois,

* 2006 Lippincott Williams & Wilkins

Copyr ight © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

391

Glass et al

J Acquir Immune Defic Syndr

CH-1011- Lausanne), H. Furrer (Chairman of the Clinical and
Laboratory Committee), M. Gorgievski, H. G[nthard, B.
Hirschel, L. Kaiser, C. Kind, Th. Klimkait, B. Ledergerber,
U. Lauper, M. Opravil, F. Paccaud, G. Pantaleo, L. Perrin, J.-C.
Piffaretti, M. Rickenbach (Head of Data Center), C. Rudin
(Chairman of the Mother & Child Substudy), P. Schmid, J.
Sch[pbach, R. Speck, A. Telenti, A. Trkola, P. Vernazza
(Chairman of the Scientific Board), R. Weber, S. Yerly.
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