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Abstract

Antiretroviral hair levels objectively quantify drug exposure over time and predict virologic

responses. We assessed the acceptability and feasibility of collecting small hair samples in a rural

Kenyan cohort. 95% of participants (354/373) donated hair. Although median self-reported

adherence was 100% (IQR 96–100%), a wide range of hair concentrations likely indicates

overestimation of self-reported adherence and the advantages of a pharmacologic adherence

measure. Higher nevirapine (NVP) hair concentrations observed in women and older adults
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require further study to unravel behavioral versus pharmacokinetic contributors. In resource-

limited settings, hair antiretroviral levels may serve as a low-cost quantitative biomarker of

adherence.

Keywords

Adherence; nevirapine; hair concentrations; resource-limited setting; feasibility and acceptability;
pharmacologic measure

INTRODUCTION

Sub-optimal antiretroviral exposure has been linked to adverse clinical outcomes in HIV-

infected individuals, and may be a useful early predictor of subsequent virologic failure.1–3

Medication adherence is a key determinant of exposure, but self-reported adherence can be

limited by recall bias, forgetfulness, or social desirability bias.4–6 Other adherence measures,

such as clinic attendance, pill-counts, medication event monitoring systems, or antiretroviral

(ARV) plasma levels all have challenges and biases.4,5,7–10 Reliable adherence measures are

needed to predict impending failure and for monitoring the effectiveness of adherence

interventions, especially in resource-limited settings.

Our group has worked extensively on measuring ARV levels in small hair samples to

monitor adherence and exposure,1,11–17 after others reported proof-of-concept analyses.18–21

Because drug concentrations in hair reflect uptake from the systemic circulation over weeks

to months, hair analysis provides advantages over plasma monitoring in assessing long-term

adherence.20,22 We have developed methods to extract and analyze prevalent-use ARVs

from hair.13,1413,14 In U.S.-based studies, hair ARV levels predict virologic response more

strongly than self-reported adherence.11,12

The relationship between self-reported adherence and ARV hair concentrations has not

previously been explored in a resource-limited setting. Here, we examine this association in

a large prospective cohort of HIV-infected individuals in rural Kenya. We additionally

examine age and sex differences in ARV hair concentrations. Finally, we discuss feasibility

and acceptability of this approach to objectively measure adherence in this community.

METHODS

Participants

This study occurred within the Mfangano Island Healthy Networks Impact Study (MIHNIS),

a community-based cluster nonrandomized controlled trial conducted on Mfangano Island in

Lake Victoria, Kenya.23 MIHNIS evaluates the impact of a social- support “microclinic”

intervention on adherence amongst HIV-infected individuals. Participants were recruited

from a rural level-3 health facility on Mfangano Island supported by Family AIDS Care &

Education Services, a President’s Emergency Plan for AIDS Relief-funded collaboration

between the University of California San Francisco (UCSF) and the Kenya Medical

Research Institute (KEMRI).24 Patients were eligible if currently taking antiretrovirals, ≥18

years, and conversant in English or DhoLuo. Baseline pre-intervention data was collected
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during routine clinic visits or at scheduled home visits between November 2011-March

2012. We present here baseline data correlating nevirapine (NVP) hair levels with self-

reported adherence in the cohort. All study procedures received ethical approval from UCSF

and KEMRI and all participants provided informed consent. MIHNIS is registered at

ClinicalTrials.gov (NCT01912521)

Measures

The AIDS Clinical Trials Group (ACTG) 4-day adherence questionnaire25 was used to

measure self-reported adherence, and small hair samples were collected for analyses of NVP

concentrations.14 ACTG 4-day, as well as modified 3-, 7-, and 30-day, medication recall

measures have been validated against virologic responses in both the US26–28 and resource-

limited settings.29 Hair was collected privately at either the clinic or the participant’s home

using previously-described procedures.11 Participants with hair too short for collection (<1.0

centimeter (cm)) were scheduled for a repeat appointment 2–4 weeks later for collection.

Hair samples were shipped at room temperature to UCSF for analysis by previously

described liquid chromatography/tandem mass spectrometry (LC-MS/MS) methods.13,14

Statistical Analysis

Because hair grows at approximately 1 cm/month,30 ARV concentrations were measured in

the proximal centimeter of hair to represent ~28 days of exposure. We calculated number of

missed doses in the previous 28 days as 7 times the self-reported missed doses over the

previous four days. If no missed doses were reported for those four days, we assumed four

total missed doses if the participant reported the last missed dose was within the past week,

two total missed doses if last missed dose was 1–2 weeks ago, and one missed dose if the

last missed dose was 2–4 weeks ago; otherwise, we assumed no missed doses in the

preceding 28 days. Because all participants were on twice-daily dosing, we calculated

percent adherence by subtracting number of missed doses from number of expected doses

(56) and dividing by total expected doses.

To reduce skewness, NVP hair levels were log-transformed using log(5 + hair level in ng/

ml). The small constant 5 was added to mitigate the size of differences between low hair

levels after log transformation. We did not dichotomize hair levels because studies have

shown graded relationships of hair ARV concentrations to virologic outcomes.11,12,15 We

calculated approximate fold-effects on hair NVP levels by exponentiating regression

coefficients. Percent self-reported adherence was logarithmically transformed (adding 1 to

permit inclusion of one observation with zero adherence). Using percent adherence as an

untransformed predictor of hair level did not improve fit to the data.

Univariate and multivariate regression models explored the degree to which age, sex and

self-reported adherence were associated with NVP hair levels. All analyses were conducted

using SAS version 9.2 (Cary, NC), using the Mixed procedure with robust standard errors to

mitigate the influence of non-normal residuals.
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RESULTS

Demographic information and acceptability of hair collection

Of 441 eligible patients, 373 (85%) agreed to participate in the longitudinal MIHNIS Study.

Participants ranged from 18–78 years old and ~two-thirds were women (Table 1). Median

duration on antiretrovirals was 2.8 years (IQR 1.3–4.4 years) at baseline. Of those enrolled,

354 (95%) donated hair. Study staff were unable to collect hair samples in 19 participants

(16 men; 3 women). Only two explicitly refused hair collection, citing concern about

disclosure of HIV status if others were to witness the procedure. The remaining 17 signed

the study’s separate hair collection consent form, but on repeated occasions cut their hair

immediately prior to scheduled collection. Though motives were uncertain, study staff

interpreted these actions as attempts to non-confrontationally avoid hair collection.

Of participants who donated hair, 307 (87%) were on NVP-based regimens and included in

the present analysis. Over 60% of these participants reported 100% adherence (no missed

doses in the past 28 days). Median self-reported adherence was 100% (IQR 96–100%).

Relationship between self-reported adherence and NVP hair levels

Univariate analysis between log-adherence and log-hair level indicated a statistically

significant correlation (1.61-fold increase in hair level per 2-fold increase in self-reported

adherence, 95% CI 1.48–1.75). One participant reported zero adherence, an outlier from the

remaining participants (mean adherence (%) ±SD, 96.6 ± 7.69). Self-report of zero

adherence generally eliminates the utility of biologic confirmatory testing. Excluding this

participant from the analysis maintained the estimated effect (1.91–fold, 95%CI 0.42–8.7),

but the confidence interval was much wider, eliminating the association’s statistical

significance. (Table 2)

In multivariate modeling with the outlier removed, women averaged an estimated 67%

increase in NVP hair concentrations compared to men (p=0.0001). Each 10-year increment

in age was associated with a 25% (p<0.0001) increase. The estimated effect of self-reported

adherence was a 72% increase in NVP hair levels per 2-fold increase in adherence, but with

wide uncertainty.

Cost considerations

The costs for hair collection ($1.10/sample) and hair storage/shipment ($0.25/sample) were

minimal. Measurement of NVP concentrations via LC-MS/MS is approximately $30/hair

sample, although a newly-described method using thin-layer chromatography would cost

significantly less (~$5/hair sample).31 Of note, the cost of an HIV viral load in the region is

~$50.

DISCUSSION

Self-report vs. Hair

Though we observed a relationship between self-reported adherence and NVP hair

concentrations, the confidence interval for this estimate was wide and included one. Self-
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reported adherence was high, with nearly all participants reporting >85% adherence over the

preceding 28 days; median self-reported adherence was 100%. Hair levels, however, varied

widely even amongst those reporting complete adherence.

Because we were unable to measure HIV viral load due to cost, we have no direct evidence

about whether self-report or hair measures more accurately reflect true adherence. No prior

study has related hair NVP levels to virologic outcomes, although hair levels of other ARVs

have demonstrated graded relationships with virologic response, rather than simple

thresholds.11,12,15 Nevertheless, we have previously demonstrated that hair ARV

concentrations more strongly predict virologic success than self-reported adherence in large

cohorts.11,12,15 Others have reported on biases in self report that cause overestimation of

adherence.5,32–35 Therefore, a weak association between self-reported adherence and a

pharmacologic measure of adherence is not unexpected, and likely reflects the limits of self-

report.33,36,37

Feasibility and Acceptance

Our report describes the first experience with collecting and analyzing hair samples from a

rural African setting. The high level of hair sample donation (95%) was striking. Though

15% of eligible subjects declined participation in the larger parent study, a lack of interest or

time were cited as reasons, rather than concerns regarding hair collection. Separate consent

for hair collection facilitated selective participation in hair sampling. Previous ethnographic

research by our group had raised local concerns regarding hair collection and the potential

for “witchcraft”.38 Based on discussions with community and clinic stakeholders, we

incorporated hair sample collection into the regular clinic flow when possible, framing the

procedure as a “new hair test” that may eventually help providers make better decisions

about HIV treatment. When participants were unable to come to the clinic, specimens were

collected confidentially at participant homes.

Other challenges included very short hair-styles popular among both sexes in rural Kenya,

necessitating training for collection from recently-shaved subjects or those with “weaves”.

We set a minimum length of 1.0cm for hair collection, approximating one month of

exposure. Participants with occipital hair of <1.0cm were requested at the time of consent

not to cut their hair, and were scheduled for return appointments after 2–4 weeks. These

strategies, along with the provision of transportation costs of 50 Kenyan Shillings (~$0.58),

likely improved acceptability.

Because hair collection requires minimal training and samples can be stored and shipped at

room temperature without biohazardous precautions, the costs of hair collection, storage and

shipment are minimal. Although the costs to analyze the samples using LC/MS-MS were

higher, we have developed a low-cost assay for analyzing NVP in hair semiquantitatively

that will significantly lower costs31 and similar low-cost assays for other ARVs (including

efavirenz) are in development.

Factors associated with higher NVP exposure

Hair levels of ARVs serve as a marker of long-term exposure, mediated predominantly by

behavior (adherence) and biology (pharmacokinetics).6 We found higher drug exposure at
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older ages. Evidence is limited regarding the effects of aging on ARV concentrations, with

one large study showing higher protease inhibitor levels with age,39 and another

demonstrating sub-therapeutic ARV concentrations in older adults.2 The contribution of

pharmacokinetic versus adherence differences by age in this Kenyan population merits

further study.

We also found higher NVP hair concentrations in females. Though the observed increase in

NVP exposure was independent of self-report, assessing the contribution of behavioral

versus biologic variability to this finding in a cohort with such high rates of self-reported

adherence is difficult. A trend toward higher adherence among women in resource-limited

settings was summarized in a recent meta-analysis40; the hair data in this cohort supports

this finding. Sex differences in ARV pharmacokinetics may also play a role.41

Further Applications and Conclusions

Though not a replacement for HIV viral loads, hair ARV drug levels strongly correlate with

virologic suppression in other studies.11,12,15 Moreover, hair measurement of ARV levels

can predict subsequent virologic failure in longitudinal models.11 By the time a regimen

fails virologically, opportunities for adherence interventions may have been missed, and

expensive second-line therapies are often needed.42 Hair ARV levels may predict impending

virologic failure, suggesting useful algorithms to enhance adherence interventions and

treatment outcomes in clinical settings.

ARV hair measures may also provide clinicians with important information on underlying

reasons for virologic failure once it occurs. In two large urban clinics in South Africa,1

virologic failure was strongly associated with low hair levels of ARVs. Moreover, few

patients had evidence of resistance mutations upon failing, suggesting inadequate

medication exposure as the most frequent cause of virologic failure.

In conclusion, our study in Kenya found that hair collection was highly acceptable and

feasible for local research staff and participants. With similar mobilization efforts and

community engagement strategies, these results are likely generalizable to other rural sub-

Saharan African communities. The wide variability in drug exposure in hair at similar levels

of self-reported adherence reinforces the limited utility of self-report.34 Hair ARV measures,

especially those using lower-cost methods,31 may supplement assessment of ART adherence

in remote, resource-limited settings and provide an objective tool to predict impending

virologic failure and improve outcomes.
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Table 1

Characteristics of the 373 participants enrolled in the MIHNIS study

Characteristic Percentage or Median (IQR)

Female 64%

Age (in years) 37 (20–54)

Median time on ART (years)1 2.8 (1.3–4.4)

Body mass index (BMI, kg/m2) 21.9 (20–23.8)

CD4 count (cells/mm3) 361 (228–494)2

Current ARV regimen3

 NVP-3TC-AZT 40.2%

 NVP-3TC-D4T 34.6%

 NVP-3TC-TDF 9.9%

 NVP-3TC 1.1%

 NVP-AZT-D4T 0.8%

 NVP-3TC-EFV 0.5%

 Other Regimens§ 12.9%

Participants providing hair samples 95%

Self-reported NVP adherence (n=307) 100% (96–100%)5

NVP hair concentration (ng/mg) (n=307) 75.1 (42.1–108.1)

1
Participants initiated ART at least one month prior to hair collection.

2
n=371, two participants did not have CD4 measurements recorded in their charts. Most recent CD4 count was used. Results were unchanged when

restricting CD4 counts to only those performed within the last 90 (n=151) or 180 days (n=283).

3
3TC = lamivudine, AZT = zidovudine, d4T = stavudine, TDF = tenofovir disoproxil fumarate, EFV = efavirenz

4
Includes efavirenz, lopinavir/ritonavir, or dual nucleoside reverse transcription inhibitor based regimens

5
Mean adherence (%) ± standard deviation (SD), 96.6 ± 7.69
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Table 2

Univariate and multivariate models of self-reported adherence, age and gender on changes in NVP hair

concentrations among 306 participants on NVP-based regimens*

Characteristic
Univariate fold estimate (95%

CI) Univariate p-value
Multivariate fold estimate† (95%

CI) Multivariate p-value

Adherence (Log2) 1.91 (0.42–8.7) 0.43 1.72 (0.42–7.1) 0.45

Age (per 10 years) 1.18 (1.08–1.29) 0.0004 1.25 (1.14–1.37) < 0.0001

Male (n=99) 1 1

Female (n=207) 1.41 (1.10–1.81) 0.0066 1.67 (1.29–2.2) 0.0001

*
Of the 307 participants prescribed NVP, one outlier was excluded from analysis for self reporting 0% adherence

†
Multivariate model includes adherence (Log2), age (10-year increments) and gender
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