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Abstract
Background—Rifampicin may decrease efavirenz concentrations by inducing expression of
cytochrome P450 isoenzyme 2B6 (CYP2B6), which metabolises efavirenz. The CYP2B6 516G>T
polymorphism impairs efavirenz metabolism and occurs more commonly in Africans than
Caucasians. We explored the effect of concomitant rifampicin-based antitubercular therapy and
the 516G>T polymorphism on efavirenz mid-dosing interval plasma concentrations, and
investigated risk factors for efavirenz concentrations outside 1-4mg/L, in a South African
population.

Methods—Mid-dosing interval efavirenz plasma concentrations were measured in adults on
antiretroviral therapy (efavirenz 600 mg daily throughout) with and without antitubercular
therapy, using validated LC/MS/MS methods. Between patient and within patient comparisons
were made.

Results—There were 142 participants: 40 on antitubercular therapy and 102 controls; mean
weight 66 kg. Median efavirenz concentration was 2.4mg/L (IQR 1.3, 3.1) and 1.8mg/L (IQR 1.4,
4.4) in participants on antitubercular therapy and controls, respectively (p=0.734). Paired efavirenz
concentrations during and after antitubercular therapy in 17 participants were also similar
(p=0.113). In 122 participants genotyped, 60 (49%) had G/G genotype, 46 (38%) were G/T
heterozygotes and 16 (13%) were T/T homozygotes. In a multivariate logistic regression model,
adjusted for sex, weight and concomitant antitubercular therapy, the 516G>T polymorphism was
strongly associated with high efavirenz concentrations (>4 mg/L): odds ratios 4.4 (95%CI
1.3-14.9) for G/T versus G/G and 31.1 (95%CI 6.6-146.6) for T/T versus G/G. High efavirenz
concentrations were associated with severe sleep disturbance (p=0.048). Low efavirenz
concentrations (<1mg/L) were associated with virological failure (odds ratio 12.5; 95% CI
2.7-57.3).
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Conclusions—Efavirenz can be used together with rifampicin-based antitubercular therapy
without dose adjustment in this population. The 516G>T polymorphism occurred commonly and
was associated with high efavirenz concentrations.

Introduction
HIV-associated tuberculosis is very common in resource-limited settings, and many patients
require concomitant antiretroviral therapy (ART) and rifampicin-based antitubercular
therapy. The non-nucleoside reverse transcriptase inhibitor (NNRTI) efavirenz is widely
prescribed in first-line ART. Efavirenz is metabolized primarily by the hepatic cytochrome
P450 isoenzyme 2B6 (CYP2B6) [1]. Rifampicin induces hepatic enzymes [2]. In 8 Spanish
patients taking efavirenz 600 mg daily, addition of rifampicin-based antitubercular therapy
decreased median efavirenz peak concentration, area under the curve and trough
concentration by 24%, 18% and 10% respectively [3].

Because of the decrease in efavirenz concentrations induced by rifampicin some experts
recommend a 33% dose increase, particularly in patients weighing more than 60 kg [4].
World Health Organization treatment guidelines recommend an efavirenz-based ART
regimen in patients requiring antitubercular therapy [5]. However, the need for dose increase
of efavirenz when prescribed concomitantly with antitubercular therapy is debated, as the
bulk of pharmacokinetic data comes from studies in Thai patients with low body weights
[6].

Hepatic clearance of efavirenz was shown in the 2NN study to be 28% higher in Western
patients than in South African patients [7]. The CYP2B6 516G>T single nucleotide
polymorphism has been shown in a number of studies to be associated with increased
efavirenz concentrations [8-11] and to be more common in Africans and African Americans
than in Caucasian Americans [8, 11-13].

In this study our primary objective was to assess the effect of rifampicin-based
antitubercular therapy on efavirenz mid-dosing interval plasma concentrations in a group of
South African patients. Secondary objectives were to assess the effect of the CYP2B6
516G>T polymorphism on efavirenz concentrations and to identify risk factors in
participants for efavirenz concentrations outside the therapeutic range of 1-4mg/L, as per
current antiretroviral therapeutic drug monitoring guidelines [14]

Methods
Study design and setting

A cross sectional study, with a repeated component, was conducted in HIV infected South
African adults.. To evaluate the effect of rifampicin based antitubercular therapy on
efavirenz mid-dosing interval (12-20 hours after the last dose) plasma concentrations, two
comparisons were made: first, between those receiving antitubercular therapy and those who
did not receive it; second, between samples taken during antitubercular therapy and
subsequent samples from the same participants at least one month after the completion of
antitubercular therapy. Participants were recruited from a workplace (gold miners) ART
programme in Carletonville and public sector ART clinics in Cape Town, South Africa. All
participants were HIV-infected patients taking ART consisting of 2 NRTIs and efavirenz for
at least one month. Efavirenz was taken as a single daily dose, at night, by all participants.
Efavirenz plasma concentrations were measured in participants in the continuation phase of
rifampicin-based antitubercular therapy (TB group) and a comparison group of participants
not on antitubercular therapy (control group). Efavirenz mid-dosing interval concentrations
were repeated a month or more after completion of antitubercular therapy in the TB group,
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to allow for induction due to rifampicin to wane.. Participants in the TB group were taking
the standard dose of 600 mg efavirenz once daily. Continuation phase antitubercular therapy
consisted of rifampicin (600mg in those weighing ≥50 kg and 450 mg for those <50 kg) and
isoniazid 300 mg, given 5 days a week as directly observed therapy as per national
guidelines. Exclusion criteria were poor venous access, Karnofsky score <70, known severe
renal, hepatic or gastrointestinal disease, malabsorption or severe diarrhoea, weight <40 kg,
or exposure to rifampicin in the month prior to recruitment in those patients not currently on
antitubercular therapy. Blood was sampled 12-20 hours after the last dose of efavirenz to
obtain a mid-dosing interval plasma concentration, and a cheek swab was used to collect a
sample for genotyping. A structured questionnaire, based on the AIDS Clinical Trial Group
Questionnaire [15], was used. This questionnaire recorded self-reported ethnicity of
maternal and paternal grandparents, date and time of last dose of efavirenz and of
antitubercular therapy (where applicable), all concomitant medications, a 4 day recall of
missed doses of all antiretroviral and antitubercular medicines, and when the participant last
missed a dose of antiretroviral or antitubercular medication. To assess presence of side
effects, participants were asked whether on not they had experienced any of a list of 22
symptoms in the past 4 weeks. Each symptom was recorded as absent, or graded on scale of
1(“it doesn’t bother me”) to 4 (“it bothers me terribly”). There was also space to capture
additional symptoms outside the list of 22. The questionnaire also queried smoking and
alcohol and recreational drug use.“ CD4+ lymphocyte counts, quantitative HIV-1 RNA
(viral loads) and alanine transaminase (ALT) results were obtained from the participants’ 6
monthly routine monitoring results. TB group participants were interviewed and sampled
again one month or more after completion of antitubercular therapy

Assessment of efavirenz concentrations
Efavirenz concentrations were determined by validated liquid chromatography tandem mass
spectrometry (LC/MS/MS), as previously described [16, 17], in the Division of Clinical
Pharmacology laboratory, University of Cape Town. The calibration curve was linear over
the range of 0.1 to 15 mg/L. Efavirenz concentrations above 15 mg/L were recorded as16
mg/L in calculation of summary statistics, and those less than 0.1 were entered as 0 mg/L.

Genotyping
DNA was extracted from the swabs using either the DNA Micro Kit (Qiagen) or the ZR
Genomic DNA II kit (Zymo Research) according to the manufacturers’ protocols. The
CYP2B6 516G>T single nucleotide polymorphism was determined by polymerase chain
reaction (PCR) and restriction fragment length polymorphism (RFLP) analysis. The change
from G516 to T516 results in the loss of a restriction site for BsrI. The primers 5′-CTT GAC
CTG CTG CTT CTT CC-3′ and 5′-TCC CTC TCC GTC TCC CTG-3′ were used to amplify
a 204 bp fragment using the following conditions; denaturation at 94°C for 4 min, followed
by 30 cycles of denaturation at 94°C for 30s, annealing at 58°C for 30s and extension at
72°C for 30s. A final extension step at 72°C for 7 minutes completed the reaction. Each
PCR reaction contained 100 ng of genomic DNA in 1× PCR buffer, 1.5mM MgCl2, 0.2mM
dNTP mixture, 0.2μM of each primer and 1U of GoTaq Flexi DNA polymerase (Promega,
USA) in a final volume of 50 μl. The amplified products were digested with BsrI restriction
enzyme (New England Biolabs,Inc., Beverley, MA) at 65°C for 3 h. The digested PCR
products were electrophoresed on 2.5% agarose gel. The homozygous G/G genotype
resulted in two fragments that were 152 and 52 base pairs, the heterozygous G/T genotype
resulted in three fragments 204, 152 and 52 base pairs while the homozygous T/T genotype
resulted in a single undigested fragment of 204 base pairs.
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Statistical analysis
Statistical analysis was performed using STATA version 10 (Stata Corp. College Station,
TX). The results of a Spanish pharmacokinetic study with mean efavirenz trough
concentration 0.63 mg/L (SD0.32) with and 0.84mg/L (SD 0.99) without rifampicin-based
antitubercular therapy [3] were used to calculate the sample size. An estimated sample size
of 40 participants on efavirenz and antitubercular therapy, and 100 participants on efavirenz
alone, had 80% power at a 5% level of significance to detect a 21% drop in efavirenz mid-
dosing interval plasma concentrations due to concomitant rifampicin-based antitubercular
therapy, calculated based upon the use of an unpaired t test.

Continuous variables were summarised using means and standard deviations if normally
distributed, and medians and ranges if not normally distributed. Within-group comparisons
of continuous variables were made using a paired t test if parametrically distributed and the
Wilcoxon signed rank test for paired observations if non-parametrically distributed.
Between-group comparisons were made using a t test if parametrically distributed and the
Wilcoxon/Mann-Whitney rank sum or Kruskal-Wallis test if non-parametrically distributed.

Virological suppression was defined as a viral load below 400 copies/mL, and virological
failure as a viral load above 400 copies/mL six months or more after initiation of therapy.
Participants were categorised as black or white if they described all 4 grandparents as such.

A Chi-squared test was performed to test the null hypothesis of Hardy-Weinberg
equilibrium of the distribution of CYP2B6 516 genotypes.

For the secondary objective of exploring risk factors for high efavirenz concentrations,
efavirenz concentrations were classified as either high (>4mg/L) or normal/low (<= 4mg/L).
To explore risk factors for low concentrations, efavirenz concentrations were categorized as
either low (<1mg/L) or normal/high (>= 1mg/L). The association between high and low
efavirenz concentration and several risk factors was explored in univariate analysis by cross-
tabulation, unadjusted odds ratios and 95% confidence intervals (CI). Multivariate logistic
regression models were constructed using a forward-fitting approach, adding first those
variables that appeared most strongly associated with high or low efavirenz concentrations
on univariate analysis to the model; sex, weight and concomitant rifampicin were included
in the models based on an a priori decision.

Ethics
The study was approved by the research ethics committees of the University of Cape Town
and the London School of Hygiene and Tropical Medicine. Written informed consent was
taken from all participants.

Results
Participant characteristics

One hundred and eighty patients were screened for inclusion, of whom 156 were recruited
(figure 1). After exclusions, a cross-sectional sample of 142 participants with efavirenz
results remained: 40 in the TB group and 102 in the control group. Seventeen of the 42
participants in the TB group were sampled again a month or more after completing
antitubercular therapy. Reasons for exclusions and reasons for failure to obtain a second
specimen in 23 TB group participants are outlined in figure 1. Characteristics of participants
are described in table 1.
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Self-reported adherence data were available from 139/142 participants at 155 sampling
occasions. One participant in the control group and one in the TB group reported non-
adherence to efavirenz within the 4 days before sampling; these patients were included in
the analysis. Non-adherence to ART at any point within the month preceding sampling was
reported at 11% of sampling occasions: by 10 participants in the control group, 4 in the TB
group at the first sampling occasion, and 3 in the TB group sampled after completing
antitubercular therapy.

Effect of rifampicin-based antitubercular therapy on efavirenz concentrations
After exclusions, there were 159 mid-dosing interval concentrations in 142 participants.
There was large interpatient variability in efavirenz concentrations. Two efavirenz
concentrations were above 15mg/L, the upper limit of quantification of the assay, and 10
were below 0.1mg/L, the lower limit of quantification.

There was no significant difference between the median efavirenz concentrations of the 40
participants in the TB group at time of first sampling and the 102 control participants not
taking antitubercular therapy(2.4 mg/L (IQR 1.3-3.1) and 1.8 mg/L (IQR 1.4-4.4)
respectively; Mann Whitney p= 0.734) (figure 2). There was no difference in the sampling
time after the last efavirenz dose between the non-TB group and the TB group (15.8 hours
(95% CI: 15.5-16.1 hrs) versus 16.0 hours (95% CI: 15.5-16.6 hrs); t test p=0.472).

In the TB group, median efavirenz concentration was 1.6 mg/L (IQR 1.0-3.2) in 19
participants weighing 60 kg or less, and 2.6 (1.9-2.9) in 21 participants weighing more than
60kg (Mann-Whitney p=0.228).

In the 17 participants in the TB group with repeated efavirenz concentrations, the median
concentration was 2.2 mg/L (IQR 1.3-3.1) on rifampicin-based antitubercular therapy and
1.8 mg/L (IQR 1.1-2.7) a month or more after completion of antitubercular therapy (figure
2), (Wilcoxon matched pairs signed rank p=0.113). The median change in efavirenz
concentrations between sampling occasions was −0.3 mg/L (IQR −1.1, 0.2), which
corresponds to a median percentage change of −18% (IQR −50%, 11%). Participants’
weight changed significantly between sampling occasions (paired t test p=0.002) - 13/17
participants gained weight, with a mean change between sampling occasions of 5.5 kg (SD
6.0). There was no significant difference in the time between last efavirenz dose and the
time of sampling between the two occasions (paired t test p= 0.265).

CYP2B6 516G>T genotype
Genotyping results were available from 122 participants: 60/122(49%) had the G/G
genotype, 46/122 (38%) were G/T heterozygotes and 16/122 (13%) T/T homozygotes, with
an allele frequency for T of 32%. We were unable to obtain data on the remaining 20
participants due to poor specimen quality. There were 104 black participants with
genotyping data, 50/104 (48%) had the G/G genotype, 40/104(39%) were G/T
heterozygotes, and 14/104(13%) were T/T homozygotes. These proportions are consistent
with Hardy-Weinberg equilibrium (Chi squared p=0.51).. There was no difference in
genotype distribution between the TB and the control group (Chi squared p=0.94)

In the 109 participants with both efavirenz and genotyping results, median efavirenz
concentration differed by genotype (figure 3): G/G 1.6mg/L (IQR 1.0 to 2.7), G/T 2.1mg/L
(IQR 1.6 to 4.7) and T/T 5.9mg/L (IQR 3.6 to 6.8) on the first sampling occasion (Kruskal-
Wallace p= 0.0008). Median efavirenz concentration was 2.1mg/L (IQR 1.6 to 4.2) in the 33
participants without genotyping results at time of first sampling , and there was no evidence
of a difference in efavirenz concentration between those with and without missing
genotyping results (Mann Whitney p=0.3327)
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Associations with efavirenz concentrations outside the therapeutic range
On univariate analysis, there was no association between efavirenz concentrations above 4
mg/L and sex, age, disease stage, weight, ethnicity, self reported adherence and concomitant
rifampicin-based antitubercular therapy (table 2). There was an association between
efavirenz concentrations and the presence of severe sleep disturbance, where 5/9(56%)
compared with 33/131(25%) had high concentrations in those with and without sleep
disturbance respectively (Chi squared p=0.048), but there were no significant associations
between efavirenz concentrations and other neuropsychiatric symptoms.

After adjustment for sex, weight and concomitant rifampicin-based antitubercular therapy in
a multivariate logistic regression model, the 516G>T polymorphism was strongly associated
with efavirenz concentrations above 4mg/L (table 3), with odds ratios 4.44 (95% CI 1.33 to
14.88) for G/T versus G/G and 31.05 (95% CI 6.58 to 146.56) for T/T versus G/G.

Efavirenz concentrations below 1 mg/L were strongly associated with virological failure
(Chi squared p<0.0001). Efavirenz concentrations were available in 66 participants who
were on ART for more than 6 months: 6/10 (60%) failing virologically and 6/56 (11%) who
were virologically suppressed had an efavirenz concentration of less than 1mg/L, odds ratio
12.5 (95% CI 2.7 to 57.3). There was no association between efavirenz concentrations less
than 1mg/L and sex, age, ethnicity, weight, self-reported adherence, clinical stage,
concomitant rifampicin-based antitubercular therapy or CYP2B6 516G>T genotype
(analysis results not shown).

Discussion
We found no evidence of a decrease in efavirenz mid-dosing interval plasma concentrations
in the presence of concomitant rifampicin-based antitubercular therapy in African patients
on standard doses of efavirenz, even in patients weighing >60 kg. Thirteen percent of
participants were T/T homozygotes for the CYP2B6 516G>T polymorphism, with an allele
frequency of 32%. The CYP2B6 516G>T polymorphism was strongly associated with high
efavirenz plasma concentrations. Low efavirenz concentrations were associated with a 12.5-
fold increased risk of virological failure, and high efavirenz concentrations were associated
with severe sleep disturbance.

Current World Health Organization and Centers for Disease Control guidelines for ART
with rifampicin-based antitubercular therapy suggest that an efavirenz dose increase to 800
mg may be necessary in patients weighing more than 60 kg [4, 5]. This recommendation is
based on a pharmacokinetic study in 8 Spanish patients which reported decreases in median
efavirenz Cmax, Cmin and AUC of 24%, 18% and 10% respectively after 7 days of
concomitant rifampicin, however none of these differences reached statistical significance
[3]. A Thai study randomized patients on rifampicin-based antitubercular therapy to receive
either efavirenz 600 mg or 800 mg and found no difference in efavirenz mid-dosing interval
concentrations or time to virologic suppression. However, this finding may not be
generalisable because Thai patients have lower efavirenz clearance than South African
patients [7], and lower body weight than our patients [18], which resulted in higher median
efavirenz concentrations than we found. A large South African antiretroviral cohort study
reported that patients on standard doses of efavirenz with concomitant rifampicin-based
antitubercular therapy had similar rates of virologic suppression to patients who were not
treated for tuberculosis [19]. We found no evidence of an effect of rifampicin-based
antitubercular therapy on mid-dosing interval efavirenz concentrations, the pharmacokinetic
parameter used for therapeutic monitoring of efavirenz. Taken together, these data do not
support the need for higher efavirenz doses with rifampicin in Thai and Southern African
patients.
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A therapeutic range of 1-4mg/L has been suggested for efavirenz mid dosing interval
concentrations, as efavirenz concentrations below 1mg/L are associated with an increased
risk of virological failure [20, 21] and concentrations above 4mg/L are associated with
central nervous system side effects [20, 22]. Although these cutoffs are based upon limited
data, they form the basis for currently used therapeutic drug monitoring guidelines for
efavirenz [14]. There is no clear consensus on the role of therapeutic drug monitoring for
efavirenz. Efavirenz concentrations above 4 mg/L where associated with severe sleep
disturbance in our study. This is in keeping with previous studies showing impaired sleep
and persistent insomnia in patients with high efavirenz concentrations [22, 23]. Night time
dosing of efavirenz, which occurred in all our participants, may have contributed to sleep
disturbance. Our failure to find an association between high concentrations and other central
nervous system side effects is not surprising, as most central nervous system adverse effects
occur early in treatment, and rapidly wane and our inclusion criteria required participants to
have been on ART for at least 1 month, so that they would be at steady state. We found
strong evidence of an association between efavirenz concentrations of less than 1mg/L and
virological failure, consistent with findings from previous studies [20, 21].

We found 13% of Southern African patients to be T/T homozygotes, with an allele
frequency of 32%, and a strong association between 516G>T genotype and efavirenz mid-
dosing interval concentrations above 4 mg/L. The cytochrome P4502B6 516G>T
polymorphism, in the *6 allele, is known to be associated with high efavirenz concentrations
[8, 9, 24, 25]. The *6 allele occurs more commonly in African Americans than Caucasian
Americans [8], and also occurs commonly in patients from Zimbabwe [11], Botswana[13]
and Ghana [12] (*6 allele frequencies of 49%, 37%, and 47% respectively). There are a
number of other polymorphisms which may play a role and which we have not evaluated for
this study, such as 983T>C and the other polymorphism found in the *6 allele, 785A>G
[26].

Our study has several limitations. The cross sectional design allows us to identify
associations but not to prove causality. In most participants we only have efavirenz
concentrations on a single sampling occasion, thus we cannot explore intra-individual
variability, although this has been previously shown to be far less than inter-individual
variability [27, 28]. The effect of concomitant antitubercular therapy on pharmacokinetic
parameters other than mid-dosing interval concentration was not assessed. However, mid-
dosing interval concentrations are the standard pharmacokinetic parameter used for
therapeutic drug monitoring of efavirenz. Time of sampling within the mid-dosing interval
was not standardised (12-20 hours) and therefore could potentially confound the
comparisons of concentrations with vs without concomitant rifampicin-based antitubercular
therapy. However, we found no evidence of a difference in sampling time for either the
within patient or between patient comparisons. Dosing times and adherence were
determined by self report, which is not a sensitive measure of adherence. We excluded
patients who had been on ART for less than a month, which limited the ability to detect an
association between central nervous system side effects and high efavirenz concentrations.
Patients with severe side effects may discontinue or switch therapy by one month, which
may have resulted in a biased sample. In addition symptoms tend to occur within the first
month of therapy and then wane [29]. Genotype data were missing on 23% of participants
with efavirenz concentrations due to poor specimen quality, but this is unlikely to have
resulted in bias. Our viral load assay is sensitive down to 400 copies/ml and we were
therefore unable to explore associations with virological suppression below 400copies/ml.

In conclusion, our study findings support the use of the standard 600 mg efavirenz dose in
African patients being treated concomitantly with rifampicin-based antitubercular therapy,
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irrespective of weight. A high proportion of Southern Africans have the CYP2B6 516G>T
polymorphism, which impairs the metabolism of efavirenz.
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Figure 1.
Flow of participants through study.
EFV: efavirenz
MDI: Mid dosing interval
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Figure 2.
Dot plot of efavirenz concentrations by rifampicin-based antitubercular therapy exposure
group, with median and interquartile ranges (142 participants)
open symbols denote participants who had efavirenz mid dosing interval concentrations
measured twice; on TB treatment and after TB treatment completion.
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Figure 3.
Dot plot of efavirenz concentrations by CYP2B6 516G>T genotype group at first sampling
occasion, with medians and interquartile ranges (109 participants with both efavirenz and
genotyping results)
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Table 1

Participant characteristics at time of first sampling

Characteristic No antitubercular
therapy
n=102

Antitu bercular therapy
n=40

Male 76 (75%) 27 (68%)

Age years
mean (SD)

41.0 (8.0) 39.6(8.7)

WHO stage 4 55(55%)* 24 (60%)

Weight kg
mean (SD)

67.6(10.8) 62.8(8.8)

Black 86 (84%) 39 (100%)**

Mixed race 15 (15%) -

White 1 (1%) -

Duration ART days
median (IQR)

219(95-468) 84(42-167)

CD4 count cells/mm3
median (IQR)

234(140-383) 104(46-196)

ALT U/L
median (IQR)

27(20-36) 31(18-58)

*
100 participants with data

**
39 participants with data.
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Table 2

Univariate analysis of association between exposures and efavirenz plasma concentration above 4mg/L at first
sampling occasion

Characteristic Category Number with high efavirenz
concentration/total
(percentage)

OR (95% confidence
interval) for high efavirenz
concentration

Sex male 27/103 (26) 1

female 11/39 (28) 1.11 (0.48-2.53)

Age <30 3/13 (23) 1

30-40 14/63 (22) 0.95 (0.23-3.98)

40-50 12/46(26) 1.18 (0.27-5.07)

>50 9/19 (47) 3.00 (0.58-15.61)

WHO clinical stage Stage 4 24/79 (30) 1

Stage 3 11/51(22) 0.63 (0.28-1.44)

Stage 1 & 2 1/10 (10) 0.25 (0.03-2.20)

On ART greater
than 6 months

ART<6 months & viral
load<400 copies/mL

19/52(37) 1

ART>6 months and
viral load>400
copies/mL

1/11(9) 0.17 (0.02-1.58)

Taking concomitant
antitubercular
therapy

No antitubercular
therapy

31/102 (30) 1

Antitubercular therapy 7/40 (18) 0.49 (0.19-1.23)

Ethnicity Black 31/125 (25) 1

Other 7/16 (44) 2.35 (0.81 -6.86)

Weight <60kg 13/44 (30) 1

60-80kg 22/87(25) 0.81 (0.36-1.82)

>80kg 3/11(27) 0.97 (0.21-3.97)

Genotype G/G 4/42 (10) 1

G/T 13/33 (39) 3.64 (1.17-11.35)

G/T 13/41(32) 23.50 (5.34-103.38)

CNS symptoms No symptoms 22/88 (25) 1

symptoms 15/49 (31) 1.34 (0.62-2.93)

Sleep disturbance No severe sleep
disturbance

33/131(25) 1

Severe sleep
disturbance

5/9 (56) 3.71 (0.92-15.01)

Adherence Adherent 29/108 (27) 1

Non-adherent within
preceding month

8/31 (26) 0.95 (0.39-2.36)

Antivir Ther. Author manuscript; available in PMC 2013 November 22.



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Cohen et al. Page 16

Table 3

Multivariate logistic regression model for the association between risk factors and efavirenz concentration
above 4mg/L (109 participants at first sampling occasion included in the model)

Variable Number
(percentage)

Crude odds ratio
(95% confidence
interval)

Adjusted odds ratio
(95% confidence
interval)

Wald test
p value

CYP2B6 G/G 52 (48) 1 1 -

CYP2B6 G/T 43 (39) 3.64(1.17-11.34) 4.44(1.32-14.88) 0.016

CYP2B6 T/T 14 (13) 23.50(5.34-103.38) 31.05(6.58-146.56) <0.0001

No antitubercular
therapy

82 (75) 1 1 -

Concomitant
antitubercular
therapy

27 (25) 0.55(0.20-1.52) 0.41(0.12-1.37) 0.146

Male 84 (77) 1 1 -

Female 25 (23) 1.61(0.60-4.30) 2.32(0.70-7.62) 0.168

Weight** 109 0.98(0.94-1.03) 0.96(0.91-1.02) 0.233

*
calculated on the 109 participants in the multivariate model.

**
weight is included in the model as a continuous variable. The odds ratio is therefore for a 1 unit i.e. 1 kg increase in weight.
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