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Stepped-Dose vs. Full-Dose Efavirenz for HIV Infection and
Neuropsychiatric Adverse Events
A Randomized Trial
Alicia Gutiérrez-Valencia, PharmD; Luis F. López-Cortés, MD, PhD; Pompeyo Viciana, MD, PhD; Rosario Palacios, MD, PhD;
Rosa Ruiz-Valderas, MD, PhD; Fernando Lozano, MD, PhD; Alberto Terrón, MD; and Antonio Rivero, MD, PhD, for the Sociedad Andaluza de
Enfermedades Infecciosas

Background: More than 50% of patients who start efavirenz treat-
ment develop limiting neuropsychiatric adverse events (NPAEs).

Objective: To assess whether a stepwise dose of efavirenz de-
creases the incidence and severity of NPAEs while maintaining
virologic efficacy.

Design: Randomized, double-blind, controlled trial.

Setting: 7 HIV clinics in Spain.

Patients: 114 HIV-infected patients eligible for efavirenz treatment
plus 2 nucleoside or nucleotide reverse transcriptase inhibitors.

Intervention: Random assignment (by computer-generated se-
quence) to efavirenz, 200 mg/d on days 1 through 6, 400 mg/d on
days 7 through 13, and 600 mg/d on day 14 and after, or to
efavirenz, 600 mg/d, from day 1 plus 2 nucleoside or nucleotide
reverse transcriptase inhibitors chosen by patient’s physician.

Measurements: Neuropsychiatric symptoms and sleep quality were
assessed by questionnaires at 0, 7, 14, and 30 days. Primary out-
come was efavirenz-related NPAEs during the first 2 weeks, and
secondary outcome was plasma HIV RNA level at 24 weeks.

Results: Compared with the stepped-dose group, the full-dose
group presented higher incidence and severity of dizziness (66.0%

vs. 32.8%; P � 0.001), hangover (45.8% vs. 20.7%; P � 0.008),
impaired concentration (22.9% vs. 8.9%; P � 0.038), and halluci-
nations (6.1% vs. 0%; P � 0.056) during the first week. From
week 2, the incidence of efavirenz-related NPAEs was similar in
both groups, although the severity was higher in the full-dose
group. Virologic and immunologic efficacy seemed similar in both
groups.

Limitations: The sample size was calculated by selecting a high
absolute difference in rates of efavirenz-related NPAEs between the
groups. A lower absolute difference and a greater sample size could
have made the differences between groups reach statistical signif-
icance beyond the first week. In addition, the sample size does not
allow confirmation of similar efficacy between treatment groups.

Conclusion: A stepwise dose of efavirenz over 2 weeks reduces the
incidence and intensity of efavirenz-related NPAEs while maintain-
ing efficacy.

Primary Funding Source: Consejería de Salud, Junta de Andalucía,
Spain.

www.annals.org
For author affiliations, see end of text.
ClinicalTrials.gov registration number: NCT00556634.
This article was published at www.annals.org on 7 July 2009.

Efavirenz is a cornerstone of antiretroviral treatment,
prescribed at a fixed dose of 600 mg/d (1, 2). However,

more than 50% of patients starting efavirenz treatment
experience efavirenz-related neuropsychiatric adverse
events (NPAEs), such as dizziness, feeling of drunkenness
or “hangover,” nightmares, and sleep disorders. Likewise,
impaired concentration, mood changes, and even severe
psychiatric symptoms (depression, suicidal thoughts, ag-
gressive behavior, delirium, and paranoia) have been re-
ported with efavirenz. These adverse events are usually
mild to moderate in severity and diminish within the first
weeks of treatment. Withdrawal of the drug is usually not
required; however, treatment must be interrupted in some

the symptoms (3–6). Despite the amount of data support-
ing the hypothesis that these symptoms are related to the

demonstrated (7–19). Moreover, in the DMP 266-005
phase II, dose-finding study, the incidence of efavirenz-
related NPAEs increased with efavirenz dose (19%, 29%,
and 44% for 200, 400, and 600 mg/d, respectively) (3).
Our objective was to determine whether starting efavirenz
treatment in a stepwise dose schedule decreases the inci-

dence and severity of efavirenz-related NPAEs while main-
taining the same virologic and inmunologic efficacy.

METHODS

Design Overview and Setting
We designed this multicenter, randomized, double-

blind, investigator-initiated, clinical trial to verify whether
a stepped-dose efavirenz administration for the first 2
weeks of treatment decreases the incidence and severity of
efavirenz-related NPAEs compared with the standard full
dose. Participants were enrolled at 7 HIV clinics in Anda-
lusia, Spain, from April 2006 to January 2008. The study
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was approved by the Regional Ethics Committee for Clin-
ical Research of the Community of Andalusia and by the
Spanish Agency for Medicines and Healthcare Products
and conducted according to the principles in the Declara-
tion of Helsinki.

Participants
We recruited participants through the investigators’

clinical practices. Patients with HIV-1 infection were eligi-
ble if they were older than 18 years and were scheduled to
receive an efavirenz-containing treatment plus 2 nucleoside
or nucleotide reverse transcriptase inhibitors. Exclusion cri-
teria were pregnancy, previous antiretroviral treatments or
genotypic resistance test results suggesting nonnucleoside re-
verse transcriptase inhibitor (NNRTI) resistance, presence of
major psychiatric disorders, starting psychotropic drug
treatment in the 4 weeks before inclusion, methadone
treatment, concomitant use of drugs with potential adverse
interactions with efavirenz pharmacokinetics, and cirrhosis
with clinical or analytic data of liver failure. All patients
gave dated and written informed consent.

Randomization and Intervention
The treatment packages were manufactured by the

pharmacy department at Hospital Universitario Virgen del
Rocı́o, Seville, Spain, where randomization was performed
by using a computer-generated, random-number sequence.
Randomization was stratified according to center in blocks
of 20, so that each block comprised 10 patients randomly
assigned to efavirenz at either a stepped dose (200 mg/d
from day 1 to 6, 400 mg/d from day 7 to 13, and 600
mg/d from day 14 and after) or the usual full dose (stan-
dard dose of 600 mg/d from the first day). Each patient
was assigned the next sequential number for the particular

center. Treating physicians did not know the participants’
group assignments until the trial was completed.

Both treatment groups received 2 nucleoside or nucle-
otide reverse transcriptase inhibitors, chosen by the treating
physician on the basis of the patient’s clinical history or
previous genotypic resistance test results, plus 3 identical
capsules containing either 200 mg/d of efavirenz or pla-
cebo, taken at night, during the first 13 days of treatment.
From day 14 and after, patients received the efavirenz stan-
dard tablet of 600 mg/d at night and were followed until
week 24.

Measurements, Outcomes, and Follow-up Procedures
We collected information on demographic charac-

teristics and clinical data regarding HIV history, as well
as current and previous antiretroviral regimens. After
randomization, patients were assessed at baseline and
weeks 1, 2, 4, 12, and 24. At each visit and after an
overnight fast, clinical data and blood samples were col-
lected for determination of plasma HIV-1 RNA (Am-
plicor HIV Monitor, Roche Diagnostic Systems, Basel,
Switzerland; lower limit of detection, 50 copies/mL);
CD4� count (standard flow cytometry); complete blood
count; glucose measurement; lipid profile; and tests of
liver, renal, and pancreatic function.

The study’s primary outcome was the frequency and
intensity of efavirenz-related NPAEs during the first 2
weeks of treatment. For that purpose, patients were inter-
viewed by means of 2 questionnaires at days 0, 7, 14, and
30. The first questionnaire included 11 questions on com-
mon efavirenz-related NPAEs (dizziness, feeling of drunk-
enness or hangover, headache, impaired concentration,
mood disorders, anxiety, and depression) graded from 0 to
6 (0 � no adverse events; 2 � mild adverse events [with-
out alterations in normal daily activities]; 4 � moderate
adverse events [causing difficulties at work or in daily ac-
tivities but not disrupting them entirely]; and 6 � severe
adverse events [having to stop doing some tasks at work or
in daily activities]). Hallucinations and disorientation were
evaluated as qualitative variables and always considered se-
vere. The second questionnaire, validated by Oviedo Uni-
versity, Oviedo, Spain (20), measured subjective sleep
quality, as well as somnolence, insomnia, and nightmares,
through 13 items. The score assigned to each item in the
questionnaires at weeks 1, 2, and 4 after initiating the
treatment was the result of subtracting the base score from
the score obtained every week.

At each time point of the analysis of efavirenz-
related NPAEs (days 0, 7, 14, and 30), we analyzed
efavirenz-related NPAEs only for patients who were re-
ceiving treatment.

The study’s secondary outcome was virologic efficacy
analyzed by intention-to-treat, with treatment failure con-
sidered as either treatment interruption for whatever reason
or virologic failure, defined as inability to suppress plasma
HIV RNA to less than 200 copies/mL after 24 weeks of

Context

Efavirenz is a powerful component of effective highly ac-
tive antiretroviral therapy. Unfortunately, about half of
patients develop disturbing neuropsychiatric side effects.
Although side effects will subside for many patients as
they continue to take the drug, other patients have to
stop taking efavirenz.

Contribution

This randomized trial compared full-dose efavirenz to
stepped-dose efavirenz during the first 2 weeks of treat-
ment and found fewer side effects during the first week in
patients on stepped-dose therapy. After 24 weeks, HIV-
RNA levels and CD4� cell counts were similar in both
groups.

Caution

The study was too small to detect small differences in
effectiveness.

—The Editors
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treatment or a confirmed viral load greater than 200 cop-
ies/mL in patients who had previously achieved a viral sup-
pression or had an undetectable viral load at inclusion. We
evaluated the HIV genotypic pattern of resistance by se-
quencing the HIV protease and retrotranscriptase (1-335
amino acids) genes by using the ViroSeq HIV-1 Genotyp-
ing system (Celera Diagnostics, Alameda, California)
whenever viral load levels allowed. We defined mutations
conferring resistance to antiretroviral drugs according to
the 2006 International AIDS Society. We considered pa-
tients who missed 2 consecutive scheduled visits as lost to
follow-up. We evaluated adherence by personal interview
at each follow-up visit.

Blood samples for efavirenz plasma levels were ob-
tained 12 hours after efavirenz intake (EFV-C12) on days
7, 14, and 28 from patients at Hospital Universitario Vir-
gen del Rocı́o. Plasma samples were stored frozen at
�80 °C for determination of efavirenz levels by high-
performance liquid chromatographic assay according to a
validated method (21).

Statistical Analysis
We designed the study to have a statistical power of

80% (with a 1-sided � level of 0.05) to detect an absolute
difference of 50% in the rates of efavirenz-related NPAEs
(50% in the standard full-dose group vs. 25% in the
stepped-dose group) at a 5% level of significance. A with-
drawal rate of 15% was estimated. Therefore, we expected
to include a total of 106 patients. We analyzed differences
in the incidence and severity of adverse events, virologic
failures, and absolute CD4� counts in each study group by
using the chi-square test, t test, and Mann–Whitney–
Wilcoxon test as appropriate.

Role of the Funding Source
This investigator-initiated study was supported by the

Consejerı́a de Salud, Junta de Andalucı́a, Spain. The fund-
ing source had no role in the design, conduct, or reporting
of the study or in the decision to submit the manuscript for
publication.

RESULTS

We enrolled 114 participants: 60 in the stepped-dose
group and 54 in the full-dose group. We excluded 2 pa-
tients in the stepped-dose group and 4 patients in the full-
dose group because of protocol violations, wrong doses, or
concomitant use of rifampin. Therefore, we analyzed re-
sults from 108 patients. Figure 1 shows the flow of study
participants. Baseline characteristics were similar in both
groups (Table 1). Genotypic resistance test results were
available before randomization in 39 patients (18 in the
stepped-dose group and 21 in the full-dose group), none of
whom had NNRTI resistance–associated mutations. No
recent genotypic resistance test results were available in the
remaining patients for several reasons: a very low or unde-
tectable viral load (n � 15); long treatment interruption

before inclusion, which meant that the test results were not
expected to add relevant data (n � 14); or test not re-
quested (n � 40). Nine patients (4 in the stepped-dose
group and 5 in the full-dose group) were lost to follow-up
between weeks 4 and 20 of treatment, with an undetect-
able viral load in the previous evaluation. Twelve patients
discontinued the study because of adverse events: 5 (8.6%)
in the stepped-dose group and 7 (14%) in the full-dose
group (P � 0.28) (Figure 1).

Efavirenz-Related NPAEs
Table 2 shows the incidence and severity of each

efavirenz-related NPAE and sleep disorder in both groups
at weeks 1, 2, and 4. During the first week of treatment, 60
of 108 patients (55.5%) developed efavirenz-related
NPAEs, more frequently in the full-dose group (66%) than
in the stepped-dose group (46.5%) (P � 0.040). The in-
cidence of dizziness (66.0% vs. 32.8%; P � 0.001), feeling
of drunkenness or hangover (45.8% vs. 20.7%; P �
0.008), impaired concentration (22.9% vs. 8.9%; P �
0.038), and hallucinations (6.1% vs. 0%; P � 0.056) were
higher and more severe in the full-dose group than in the
stepped-dose group. Throughout the second week, the in-
cidence of efavirenz-related NPAEs was similar in both
groups (57.8% vs. 48.9%), although more severe NPAEs
occurred in the full-dose group. Hallucinations occurred in
4 patients in the full-dose group during the first 2 weeks
and in 1 patient in the stepped-dose group when efavirenz
dose was increased to 600 mg/d. No differences were ob-
served between the 2 groups regarding other efavirenz-
related NPAEs, although a trend toward increased inci-
dence of sleep disorders and nightmares was observed in
the full-dose group. At week 4, 51 patients (51.5%) still
reported some efavirenz-related NPAEs. Throughout the
first 2 weeks, only 1 patient from the full-dose group dis-
continued efavirenz treatment because of NPAEs, and 6
other patients discontinued later (weeks 5 to 20). Overall,
the withdrawal rate due to efavirenz-related NPAEs was
6.5%.

Immunovirologic Efficacy
No apparent differences were observed between the 2

groups regarding the immunovirologic efficacy (Figure 2).
The percentages of patients receiving treatment and with
undetectable viral load at weeks 0, 1, 2, 4, 12, and 24 in
the stepped-dose and full-dose groups were 12.1% vs. 10%
(P � 0.49), 14.8% vs. 14.6% (P � 0.60), 26.9% vs.
17% (P � 0.173), 32.1% vs. 27.7% (P � 0.40), 71.2%
vs. 59% (P � 0.161), and 95.7% vs. 86.5% (P �
0.137), respectively. Among patients with baseline viral
load greater than 100 000 copies/mL (23 in the
stepped-dose group and 20 in the full-dose group), these
percentages at weeks 4, 12, and 24 were 5.6% vs. 5.3%
(P � 0.74), 52.6% vs. 35.3% (P � 0.24), and 87.5%
vs. 80% (P � 0.47), respectively. At 24 weeks, the effi-
cacy by intention-to-treat was 77.6% (95% CI, 66.9%
to 88.3%) and 68% (CI, 55.1% to 80.9%) in the
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stepped-dose group and full-dose group, respectively
(P � 0.23), and the efficacy by on-treatment analysis
was 95.7% (CI, 89.9% to 100%) and 89.5% (CI,
79.7% to 99.3%), respectively (P � 0.27).

Six cases of virologic failure were recorded: 2 cases in
the stepped-dose group and 4 cases in the full-dose group.
Among them, 4 cases were considered failures because of a
viral load greater than 200 copies/mL (219 to 319 copies/
mL) at week 24, although further testing yielded undetect-
able levels. In contrast, 1 patient in each group had a re-
bounding viral load at 12 weeks with genotypic resistance
test results showing mutations in M184V, L100I, K103N
and M230L (in one patient), and K103N (in the other
patient).

Median and interquartile range (IQR) increases in the
CD4� count at week 24 were 0.151 � 109 cells/L (IQR,
0.068 to 0.261 � 109 cells/L) in the stepped-dose group
and 0.130 � 109 cells/L (IQR, 0.048 to 0.203 � 109

cells/L) in the full-dose group.

Five patients self-reported in at least 1 study visit that
they neglected to take efavirenz doses. The 2 patients with
virologic failure and NNRTI mutations were among them.
We found a significant association between virologic fail-
ures and incomplete adherence (odds ratio, 33 [Mantel–
Haenszel test CI, 3.5 to 236]; P � 0.001).

Efavirenz Plasma Levels
Samples for EFV-C12 were available from 63 patients

(33 in the stepped–dose group and 30 in the full-dose
group; 56, 52, and 54 patients on treatment days 7, 14,
and 28, respectively). The baseline characteristics of the
patients in the 2 groups were similar regarding sex (male
sex, 78.8% vs. 73.3%; P � 0.39), age (mean, 37.7 years
[SD, 12.4] vs. 41 years [SD, 9.6]; P � 0.20), weight
(mean, 69.9 kg [SD, 13.5] vs. 68.4 kg [SD, 14.7]; P �
0.38), and prevalence of chronic viral hepatitis (21.2% vs.
26.7%; P � 0.53). The interindividual variability in
EFV-C12 levels was large in both groups. As expected,

Figure 1. Study flow diagram.
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EFV-C12 levels were lower during the first 2 weeks in
the stepped-dose group (P � 0.047) than in the full-
dose group (P � 0.023), whereas no differences were
observed at day 30 (Table 3). A trend toward a higher
EFV-C12 levels at day 7 was observed in patients report-
ing dizziness than in those who did not, but the trend
did not reach statistical significance. Nonsignificant dif-
ferences were observed in EFV-C12 levels regarding
efavirenz-related NPAEs at any time point, or regarding
sex, weight, or presence of chronic hepatitis.

DISCUSSION

In this randomized, multicenter, double-blind clinical
trial, we found that the incidence of efavirenz-related
NPAEs in the full-dose group was similar to that reported
in previous studies (22–25). However, both the incidence
and severity of efavirenz-related NPAEs in the stepped-
dose group were lower throughout the first 2 weeks of
treatment, although the differences observed were statisti-
cally significant only for the first week. Likewise, during
the first 2 weeks, 6 patients (10.3%) versus 10 patients
(20%) experienced severe efavirenz-related NPAEs in the
stepped-dose and full-dose groups, respectively. Although
this represents a 2-fold greater incidence in the full-dose
group than in the stepped-dose group, this difference did
not reach statistical significance. Hallucinations were
among the more severe efavirenz-related NPAEs. They oc-
curred in 4 patients in the full-dose group only; no patient
from the stepped-dose group reported this event through-
out the first 2 weeks. From the third week on, 1 more
patient in the stepped-dose group reported hallucinations,
and hallucinations recurred in 1 patient in the full-dose
group. The incidence and severity of other efavirenz-
related NPAEs were similar in both groups, which was
expected because all patients were taking the same doses.

The virologic efficacy of both regimens seem similar,
with 1 case of virologic failure associated with NNRTI-
resistant mutations in each group, and 4 patients (1 in the
stepped-dose group and 3 in the full-dose group) with very
low, but still detectable, viral loads at week 24, although
further determination showed undetectable plasma HIV
RNA, and 2 of the patients had very high viral loads (�7
log10 copies/mL) at baseline. Likewise, the increases in
CD4� counts were also apparently similar in both groups.

To our knowledge, this is the first randomized clinical
trial directly comparing the incidence of efavirenz-related
NPAEs of efavirenz treatment given in stepwise doses with
that of standard, full-dose efavirenz treatment given from
the first day. In the efavirenz phase II, dose-finding study
(3), a similar 16 weeks of virologic efficacy was observed
with efavirenz doses ranging from 200 to 600 mg/d,
whereas the incidence of efavirenz-related NPAEs increased
with efavirenz dose. Also, in a pilot study that included 41
patients (26) and had a stepped efavirenz administration
similar to ours, a better tolerance profile was observed than
that reported in the literature.

Although the exact mechanism by which efavirenz
causes NPAEs is not well known yet, the incidence of
NPAEs is higher during the first days of treatment and
their intensity is more severe within the hours immediately
after drug intake, gradually decreasing and finally dimin-
ishing by weeks 4 to 6 in most patients (3, 4, 22, 23). In
contrast, efavirenz is metabolized by the liver P450 enzy-
matic system, mainly by CYP2B6 and CYP3A4 isoen-
zymes, whose activity is induced by itself, thus leading to
an increased plasmatic clearance of the drug and lower
plasma levels after an average of 7 days of treatment (3).
Taking this time profile into account, the incidence of
efavirenz-related NPAEs, especially during the first days or
weeks, could be related to the maximum plasma concen-

Table 1. Baseline Patient Characteristics

Characteristic Stepped-Dose
Group (n � 58)

Full-Dose Group
(n � 50)

P Value

Mean age (range), y 39 (26–76) 39 (21–64) 0.69
Mean weight (range), kg 69.1 (35–100.5) 66.4 (42.5–95.5) 0.67
Men, n (%) 45 (77.6) 40 (80) 0.47
Risk factor for HIV, n (%) 0.50

Injection drug use 11 (18.9) 10 (20.0)
Homosexual contacts 27 (46.5) 25 (50.0)
Heterosexual contacts 15 (25.8) 13 (26.0)
Other 5 (8.62) 2 (4.0)

Mean HIV RNA level (range), log10 copies/mL 4.75 (�1.69–6.53) 4.72 (�1.69–6.66) 0.80
HIV RNA level �50 copies/mL, n (%) 7 (12.1) 5 (10.0) 0.81
Mean CD4� count (range), �109 cells/L 0.263 (0.009–0.736) 0.210 (0.018–0.693) 0.23
Treatment-naive patients, n (%) 38 (65.5) 33 (66.0) 0.87
Associated NRTIs, n (%) 0.137

Tenofovir and entricitabine 38 (65.5) 35 (70.0)
Abacavir and lamivudine 6 (10.3) 9 (18.0)
Other 14 (24.1) 6 (12.0)

Chronic viral hepatitis, n (%) 8 (13.8) 12 (24.0) 0.28

NRTI � nucleoside reverse transcriptase inhibitor.
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tration (Cmax) of efavirenz, which occurs between 2 and 6
hours after taking the drug (27, 28). Therefore, adminis-
tration of efavirenz in a stepwise schedule might alleviate
the NPAEs.

As expected, the EFV-C12 levels were statistically sig-
nificantly lower in the stepped-dose group than in the full-
dose group during the first 2 weeks and similar at week 4
when all patients were taking the same efavirenz dose. The
absence of relationships between EFV-C12 concentrations
and the incidence or severity of the efavirenz-related
NPAEs was not surprising. Various studies (7–9, 11–15)
have not reliably demonstrated a relationship between efa-
virenz pharmacokinetics and the occurrence of NPAEs.
Regardless of individual susceptibility to efavirenz-related
NPAEs, several factors could justify the relationship be-
tween efavirenz pharmacokinetics and NPAEs. First, efa-
virenz is usually taken at bedtime to ameliorate its NPAEs,

so obtaining efavirenz Cmax levels (the responsible factor
according to our hypothesis) or a complete 24-hour profile
is difficult. Therefore, research studies on this issue were
based on population pharmacokinetics, estimations of con-
centrations based on a theoretical average elimination half-
life (although elimination half-life carries a high interindi-
vidual variability), or (as in our study) samples obtained at
different times (usually 8 to 20 hours after taking efa-
virenz), but neither efavirenz Cmax nor other pharmacoki-
netic parameters can be precisely estimated from samples
obtained 8 or more hours after drug intake (28). Second,
the correlation between efavirenz plasma levels and the oc-
currence of efavirenz-related NPAEs after prolonged drug
intake may carry a relevant inherent mistake, because
NPAEs are more frequent and severe in the beginning of
therapy. Finally, efavirenz-related NPAEs could probably
be more closely related to the drug levels in the central

Table 2. Incidence of Efavirenz-Related NPAEs and Sleep Disorders in the First Month*

NPAE Stepped-Dose Group, n (%) Full-Dose Group, n (%)

Day 7 (n � 58) Day 14 (n � 57) Day 30 (n � 53) Day 7 (n � 50) Day 14 (n � 49) Day 30 (n � 46)

Dizziness 19 (32.8)† 15 (26.3) 14 (26.4) 33 (66.0)† 17 (34.6) 13 (28.3)
Mild 16 (27.6) 14 (24.5) 9 (17) 22 (45.8) 14 (28.5) 11 (23.9)
Moderate 3 (5.2) 1 (1.8) 3 (5.6) 5 (10.4) 2 (4.0) 1 (2.2)
Severe �(0.0) �(0.0) 2 (3.8) 4 (8.3) 1 (2.0) 1 (2.2)

Feeling of hangover 12 (20.7)‡ 14 (25.5) 15 (28.3) 22 (45.8)‡ 14 (29.8) 15 (32.6)
Mild 7 (12.1) 13 (23.6) 11 (20.8) 16 (33.3) 11 (23.4) 12 (26.1)
Moderate 3 (5.2) 1 (1.8) 4 (7.5) 5 (10.4) 2 (4.3) 2 (4.3)
Severe 2 (3.4) �(0.0) �(0.0) 1 (2.1) 1 (2.1) 1 (2.2)

Impaired concentration 5 (8.6)§ 6 (10.9) 4 (7.5) 11 (22.9)§ 9 (19.1) 8 (17.4)
Mild 5 (8.6) 6 (10.9) 4 (7.5) 8 (16.7) 7 (14.9) 6 (13.0)
Moderate �(0.0) �(0.0) �(0.0) 2 (4.2) 1 (2.1) 1 (2.2)
Severe �(0.0) �(0.0) �(0.0) 1 (2.1) 1 (2.1) 1 (2.2)

Hallucinations 0 (0.0)‡ 0 (0.0) 1 (1.9) 3 (6.1)‡ 1 (2.1) 1 (2.1)
Headache 14 (24.1) 12 (21.8) 10 (18.9) 7 (14.6) 10 (21.3) 11 (23.9)

Mild 10 (17.2) 12 (21.8) 9 (17) 5 (10.4) 10 (21.3) 10 (21.7)
Moderate 1 (1.7) �(0.0) 1 (1.9) 2 (4.2) �(0.0) �(0.0)
Severe 3 (5.2) �(0.0) �(0.0) �(0.0) �(0.0) 1 (2.2)

Mood disorders 6 (10.3) 9 (16.4) 10 (18.9) 6 (12.5) 7 (14.9) 7 (15.2)
Mild 4 (6.9) 6 (10.9) 9 (17) 4 (8.3) 5 (10.6) 4 (8.7)
Moderate 1 (1.7) 2 (3.6) 1 (1.9) �(0.0) 1 (2.1) 2 (4.3)
Severe 1 (1.7) 1 (1.8) �(0.0) 2 (4.2) 1 (2.1) 1 (2.2)

Disorientation 1 (1.7) 1 (1.8) 1 (1.9) 3 (6.2) 0 (0) 2 (4.3)
Anxiety 11 (19.0) 11 (20.0) 14 (26.4) 11 (22.9) 9 (19.1) 9 (19.6)

Mild 9 (15.5) 11 (20.0) 14 (26.4) 7 (14.6) 7 (14.9) 7 (15.2)
Moderate 1 (1.7) �(0.0) �(0.0) 4 (8.3) 2 (4.3) 1 (2.2)
Severe 1 (1.7) �(0.0) �(0.0) �(0.0) �(0.0) 1 (2.2)

Depression 7 (12.1) 4 (7.3) 5 (9.4) 3 (6.2) 5 (10.6) 4 (8.7)
Mild 6 (10.3) 2 (3.6) 5 (9.4) 3 (6.2) 5 (10.6) 3 (6.5)
Moderate 1 (1.7) 2 (3.6) �(0.0) �(0.0) �(0.0) 1 (2.2)
Severe �(0.0) �(0.0) �(0.0) �(0.0) �(0.0) �(0.0)

Sleep disorder
Worse subjective sleep quality 17 (29.3) 17 (30.9) 18 (34.0) 16 (33.3) 17 (36.2) 15 (32.6)
Insomnia 3 (5.2) 2 (3.5) 5 (8.9) 2 (4.0) 4 (8.2) 3 (6.3)
Drowsiness 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Nightmares 10 (17.2) 9 (16.4) 10 (18.9) 12 (25.0) 10 (21.3) 12 (26.1)

NPAE � neuropsychiatric adverse event.
* The score assigned to each item in the questionnaires at weeks 1, 2, and 4 after initiating treatment was the result of subtracting the base score from the score obtained each
week. We analyzed only patients who reached each time point of analysis for efavirenz-related NPAEs. The presence of hallucinations and confusion or disorientation was
always considered severe.
† P � 0.001.
‡ P � 0.050.
§ P � 0.030.
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nervous system than to plasma levels, and it is currently
unknown whether a relationship between drug levels in
both systems actually exists.

Because efavirenz-related NPAEs are subjective in na-
ture, 1 of the strengths of this study is its randomized and
double-blind design. Most previous studies of efavirenz-
related NPAEs were limited to observational or open-label
clinical trials. Likewise, exclusion of patients who were re-
ceiving methadone treatment was essential, because efa-
virenz increases methadone’s metabolism and may precipi-
tate symptoms of withdrawal that could be mistakenly
attributed to efavirenz (29).

The sample size might be a limitation of our study. A
very high absolute difference in the rates of efavirenz-
related NPAEs between the study groups (50%) was se-
lected to calculate the sample size. Perhaps if we had con-
sidered a lower absolute difference and, therefore, a greater
sample size, the observed differences would have reached
statistical significance beyond the first week as well. Like-
wise, the sample size does not have enough statistical power
for us to draw definitive conclusions about a similar viro-
logic efficacy in both treatment groups. A much larger clin-
ical noninferiority trial would be required to appropriately
evaluate this issue.

In summary, stepped-dose administration of efavirenz
over 2 weeks significantly decreases the incidence and se-
verity of NPAEs, while apparently maintaining the same
efficacy as the standard schedule.
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Figure 2. Virologic and inmunologic efficacy of both
treatment groups.
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Table 3. Efavirenz Plasma Levels Obtained 12 Hours After
Intake on Days 7, 14, and 30

Study Group Median Plasma Efavirenz Level 12 h After Intake (Range),
�g/mL

Day 7 Day 14 Day 30

Stepped-dose
group

0.73 (0.05–4.79)* 0.67 (0.04–3.03)† 1.00 (0.11–6.48)

Full-dose
group

1.23 (0.06–3.96)* 1.41 (0.08–3.85)† 1.52 (0.06–3.72)

* P � 0.047.
† P � 0.023.

ArticleEfavirenz for HIV Infection and Neuropsychiatric Adverse Events

www.annals.org 4 August 2009 Annals of Internal Medicine Volume 151 • Number 3 7



cio de Enfermedades Infecciosas, Hospital Universitario Virgen del Ro-
cı́o, Avenida Manuel Siurot, s/n. 41013 Seville, Spain; e-mail, lflopez
@telefonica.net.

Current author addresses and author contributions are available at www
.annals.org.

References
1. Panel on Antiretroviral Guidelines for Adult and Adolescents. Guidelines for
the use of antiretroviral agents in HIV-1-infected adults and adolescents. Wash-
ington, DC: U.S. Department of Health and Human Services; 2008:1-128. Ac-
cessed at www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf on 4
June 2009.
2. Clumeck N, Pozniak A, Raffi F; EACS Executive Committee. European
AIDS Clinical Society (EACS) guidelines for the clinical management and treat-
ment of HIV-infected adults. HIV Med. 2008;9:65-71. [PMID: 18257769]
3. Center for Drug Evaluation and Research. Efavirenz medical review. U.S.
Food and Drug Administration. 12 September 1998. Accessed at www.accessdata
.fda.gov/drugsatfda_docs/nda/98/20972clinical_review.pdf on 11 June 2009.
4. European Medicines Agency. Sustiva: Summary of Product Characteristics.
Accessed at www.emea.europa.eu/humandocs/PDFs/EPAR/Sustiva/H-249-PI-en
.pdf on 11 June 2009.
5. Blanch J, Martı́nez E, Rousaud A, Blanco JL, Garcı́a-Viejo MA, Peri JM,
et al. Preliminary data of a prospective study on neuropsychiatric side effects after
initiation of efavirenz. J Acquir Immune Defic Syndr. 2001;27:336-43. [PMID:
11468421]
6. Moyle G, Fletcher C, Brown H, Mandalia S, Gazzard B. Changes in sleep
quality and brain wave patterns following initiation of an efavirenz-containing
triple antiretroviral regimen. HIV Med. 2006;7:243-7. [PMID: 16630036]
7. Fiske WD, Joshi AS, Labriola DF. An assessment of population pharmacoki-
netic parameters of efavirenz on nervous system symptoms and suppression of
HIV RNA [Abstract]. Presented at the 41st Interscience Conference on Antimi-
crobial Agents and Chemotherapy, Chicago, Illinois, 16–19 December, 2001:
Abstract 1727.
8. Marzolini C, Telenti A, Decosterd LA, Greub G, Biollaz J, Buclin T. Efa-
virenz plasma levels can predict treatment failure and central nervous system side
effects in HIV-1-infected patients. AIDS. 2001;15:71-5. [PMID: 11192870]
9. Csajka C, Marzolini C, Fattinger K, Décosterd LA, Fellay J, Telenti A, et al.
Population pharmacokinetics and effects of efavirenz in patients with human
immunodeficiency virus infection. Clin Pharmacol Ther. 2003;73:20-30.
[PMID: 12545140]
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20. Bobes J, Garcı́a-Portilla MP, Sáiz PA, Bousoño M. Cuestionario Oviedo de
calidad de sueño. In: Banco de instrumentos básicos para la práctica de la psiquia-
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P. Viciana, R. Palacios, R. Ruiz-Valderas, F. Lozano, A. Terrón, A.
Rivero.
Provision of study materials or patients: L.F. López-Cortés, P. Viciana,
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