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SUMMARY

Background—As pre-exposure prophylaxis (PrEP) with tenofovir-disoproxil-fumarate/

emtricitabine (TDF/FTC) for the prevention of HIV infection enters a phase of global roll-out, 

strategies to maintain effectiveness, but minimize adverse effects, merit close consideration. The 

aim of this study was to evaluate rates and predictors of renal toxicity in a large open-label study 

of PrEP to help provide guidance on safety monitoring with this important prevention strategy.

Methods—The iPrEx open-label-extension (OLE) study (NCT00458393) enrolled HIV-negative 

MSM/transgender participants from three previous PrEP trials from Brazil, Ecuador, Peru, South 

Africa, Thailand, and the U.S into an open-label PrEP study. There were no restrictions on current 

renal function for enrollment into iPrEx OLE.. Creatinine clearance (CrCl) on PrEP was estimated 

every 12 weeks and in a subset, hair samples were collected for measuring tenofovir (TFV)/FTC 

concentrations via liquid-chromatography/tandem-mass-spectrometry. Change in CrCl from 

baseline was calculated and predictors identified.

Findings—Baseline characteristics of participants in iPrEx-OLE (n=1224; 7475 person-visits) 

and its hair substudy (n=220; 1114 person-visits) were similar. Over 72 weeks (median), the 

average decline in CrCl was −2·9% (p<0.0001), but declines were significantly greater for those 

starting PrEP at older ages (−4·2% (95% CI −2·8%, −5·5%), baseline age 40–50 years; −4·9% 

(−3·1%, −6·8%), age ≥50). Besides age, baseline CrCl of <90ml/min in multivariate models 

predicted renal decline. There was a monotonic relationship between percent decrease in CrCl and 

number of doses of TDF/FTC taken per week as estimated by hair levels (p 0.008).
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Interpretation—With the global roll-out of PrEP, our analysis suggests that the frequency of 

safety monitoring may differ by age group and that pharmacologic measures of adherence can 

additionally monitor for toxicities.

Funding—NIH
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INTRODUCTION

The efficacy of pre-exposure prophylaxis (PrEP) with oral tenofovir disoproxil fumarate/

emtricitabine (TDF/FTC) to prevent HIV acquisition has been demonstrated in multiple 

trials and PrEP is now broadly recommended by the Centers for Disease Control and 

Prevention (CDC) and the World Health Organization. As PrEP enters the phase of global 

roll-out, strategies to optimize effective use while minimizing adverse effects merit closer 

consideration. Although toxicities to TDF/FTC-based PrEP have been few and generally 

reversible in studies to date1,2, the optimal frequency for safety monitoring with long-term 

exposure has not been established. Identifying subgroups of individuals who might warrant 

more (or less) intensive safety monitoring during PrEP will facilitate its safe scale-up.

Several PrEP trials or demonstration projects have shown modest but statistically significant 

declines in renal function with administration of daily TDF/FTC, including the global iPrEx 

trial3, Partners PrEP4, Bangkok TDF5, and the U.S. PrEP Demonstration Project6. The 

duration of follow-up in these studies was ≤36 months and the average decline in renal 

function measured by estimated creatinine clearance (CrCl) in iPrEx was 2·4%3. The 

incidence of serious renal events in PrEP trials has been low. Moreover, in iPrEx and 

Partners PrEP, declines in renal function were mostly reversible 4–20 weeks after 

discontinuation3,7.

With TDF/FTC-based treatment, greater declines in renal function are associated with longer 

duration of TDF use8–11, as well as older age8,12,13 or lower baseline renal function11,14 at 

TDF initiation. In the placebo-controlled efficacy trials of PrEP, baseline renal function was 

required to be within normal range prior to randomization, and trial participants were 

generally young. Open-label studies and demonstration projects of PrEP allow the toxicities 

of this preventative strategy to be evaluated under more generalizable conditions. In this 

analysis, we define subgroups of individuals in the iPrEx open label extension (OLE) 

study15 - a cohort of men-who-have-sex-with-men (MSM) and transgender women on PrEP 

who were former participants of PrEP trials and then enrolled into iPrEx OLE - with varying 

risks of renal decline.

In a subset of iPrEx OLE participants, we additionally examine the impact of long-term 

exposure to tenofovir (TFV), the active moiety of TDF, and FTC, both assessed via hair 

concentrations16, on renal function. Higher exposure to TFV/FTC during treatment, 
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generally assessed by plasma levels, has been associated with renal toxicities17,18. Prior 

studies by our group have shown a linear relationship between oral TDF dose and 

concentrations of TFV in hair16. In this study, for the first time in either the PrEP or 

treatment setting, we examine the effects of long-term exposure to TFV and FTC, assessed 

via hair concentrations, on subsequent renal function.

METHODS

Study population

iPrEx OLE enrolled 1225 HIV-negative MSM and transgender women (all male at birth) 

from Brazil, Ecuador, Peru, South Africa, Thailand, and the U.S who previously enrolled in 

three PrEP trials into an open-label PrEP study without restrictions on current renal 

function15. Serum creatinine (Cr) was measured every 12 weeks and CrCl – the parameter 

recommended for safety monitoring by CDC guidelines19- estimated by the Cockcroft-Gault 

equation.20 Analyses were repeated with the outcome of estimated glomerular filtration rate 

(eGFR) calculated by the Modification of Diet in Renal Disease (MDRD) equation.21

Procedures

Hair samples were collected from a subset of participants every 12 weeks, which involved 

cutting ~100 strands of hair from the occipital scalp16. Hair was not collected on all 1224 

participants in iPrEx OLE due to site and protocol constraints. Of the participants offered 

hair sampling in iPrEx OLE (324), 68% agreed to hair collection. The reasons for declining 

in the remaining 32% included concerns about appearance, not having enough hair, not 

having enough time, concerns about pain, religious reasons or no reason provided. Self-

reported adherence to study drug was assessed by survey. The study protocol was approved 

by Institutional Review Boards of all participating sites and all participants provided written 

informed consent in their preferred language. Results of hair testing were not reported back 

to participants.

After storage and shipment at ambient temperature to our University of California San 

Francisco (UCSF)-based “Hair Analytical Laboratory” (HAL), the proximal 1·5 centimeter 

of each hair sample (representing ~6 weeks exposure) was cut finely with scissors and 5 

milligrams (mg) processed and analyzed using liquid-chromatography/tandem-mass-

spectrometry (LC-MS/MS)16. The assays for measuring TFV and FTC in hair samples have 

been peer-reviewed and approved by the Division of AIDS Clinical Pharmacology and 

Quality Assurance (CPQA) program.

Statistical analysis

The percent change in CrCl from the baseline value at each timepoint was estimated (mean 

± standard error (SE)) from a linear mixed effects model for all iPrEx OLE participants, 

adjusted for age, baseline CrCl, and site of enrollment. Participants were censored at the 

time of permanent PrEP discontinuation if prior to the end of the study period. The 

probability of CrCl falling to ≤60 ml/min (as the threshold at which TDF/FTC-based PrEP 

should be discontinued per CDC guidelines19) at least once over the duration of the study 

was calculated among participants whose baseline CrCl was above that level. The analysis 
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was repeated to examine the probability of CrCl falling to ≤70 ml/min, a value defined as 

“renal impairment” and “a point at which people with decreasing eGFR could be switched 

away from potentially nephrotoxic antiretrovirals” in a large recently-published study 

examining risk factors for kidney disease among HIV-infected individuals11. The rate of the 

CrCl value falling to ≤60ml/min or ≤70 ml/min was calculated per quarterly visit over the 

course of the study and an annualized rate, or the probability of at least one value of CrCl 

falling to ≤60ml/min or ≤70 ml/min over four quarterly visits, was then reported. We then 

modeled this rate in a Poisson regression with terms for baseline age, baseline CrCl 

(stratified into <90 or ≥90 ml/min11), and quartile of TFV or FTC concentration in hair for 

those who underwent hair sampling. Data from the STRAND study16, where TDF was given 

to HIV-uninfected volunteers via directly observed dosing of 2, 4 and 7 doses/week for 6 

weeks each (with washout periods in-between) provided estimates for TFV concentrations in 

hair consistent with different dosing patterns. In STRAND, hair concentrations of TFV were 

linearly associated with number of doses per week.

Role of the funding source

The funder of the study (National Institutes of Health) had no role in study design, data 

collection, data analysis, data interpretation, or writing of the report. Gilead Sciences 

donated study drug and had no input into the study. The corresponding author had full 

access to all the data in the study and had final responsibility for the decision to submit for 

publication.

RESULTS

Of 1224 participants (7475 person-visits) who received PrEP in iPrEx OLE with renal data 

available (only 1 with missing data), 220 were in the hair substudy (1114 person-visits). 

Table 1 shows the baseline characteristics of participants in iPrEx OLE and its hair substudy, 

including age, gender identity (cis MSM/transgender women), race/ethnicity, body mass 

index (BMI), baseline creatinine clearance, baseline hypertension (systolic blood pressure 

>140mmHg or diastolic blood pressure >90 mmHg), prevalence of NSAID use in the prior 

30 days, and self-reported adherence to PrEP drugs. The baseline characteristics of the 

participants in the hair substudy were similar to those in the entire sample. The study was 

conducted from September 2011–December 2013.

Over the duration of the study (median 72 weeks, IQR 71 to 73), the average decline in CrCl 

for all participants in iPrEx OLE was −2·9% (95% CI: −2·4% to −3·4%), p<0.0001 for trend. 

The mean absolute difference in CrCl over the duration of the study was −4.2 (95% CI: −3.6 

to −4.7) ml/min. Declines in CrCl were significantly greater over time in participants who 

started PrEP at older ages: −2·6% decline (95% CI: −2·4% to −3·4%) in those with baseline 

age <40 years; −4·2% (95% CI: −2·8% to −5·5%) decline with starting age 40–50 years 

(p<0·001 in comparison to <40 years); −4·9% decline (95% CI: −3·1% to −6·8%) with 

baseline age ≥50 years (p<0·001) (Figure 1) when adjusted for baseline CrCl.

Declines in CrCl over time were significantly greater in those who started with higher CrCl 

at baseline. There was a +3·2% (+2·1 to +4·3) increase in those who started PrEP in the 

lowest quartile of baseline CrCl (56–100 ml/min); −2·0% (−3·1 to −0·9) decrease in those 
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starting in the 2nd quartile (101–113 ml/min); −3·6% (−4·7 to −2·5) in those starting in the 

3rd quartile (114–128 ml/min); and −10·0% (−11·2 to −8·8), p < 0·0001 in those who started 

in the highest quartile of baseline CrCl (129–208 ml/min). In a multivariate model 

examining predictors of declining CrCl, including age, starting CrCl, hypertension, BMI and 

recent NSAID use, only baseline CrCl and baseline age showed significant associations.

The rate of CrCl falling to ≤60 ml/min (which was a protocol-defined criterion for stopping 

PrEP) was low at 0.1% overall in the cohort across all visits (9 of 7198 visits), but all 9 of 

the drops occurred in participants who started PrEP at CrCl <90ml/min (4·8% annualized 

rate in this group) and 8/9 occurred in participants starting PrEP ≥50 years of age (4·3% 

annualized rate). The rate of CrCl falling to ≤70 ml/min occurred in 47 of 7198 visits, 

yielding a 2·6% annualized rate (95% CI: 1·9% to 3·4%). In participants < 40 years at 

baseline, CrCl fell to ≤70 ml/min infrequently (7/5686 visits -- 0·5% annualized rate), but 

the relative risk of this fall was significantly higher in participants who started PrEP at older 

ages (RR 13·4 (95% CI 5·5 to 32·5, p < 0·001 for 40–50 years; RR 36·6 (95% CI 15·6 to 

83·9 p <0·001 for >50 years) or those who started PrEP with lower renal function at baseline 

(RR 31·2 (95% CI 16·2–60.1, p <0·001), baseline CrCl ≤90ml/min versus >90ml/min) 

(Table 2). Of 47 incidents where CrCl fell to ≤70ml/min in the cohort, the creatinine was 

rechecked 3 months later in 43 and the CrCl remained ≤70ml/min in 15 (35%) of incidents.

Approximately 27% (296/1114) of person-visits had hair levels demonstrating no detectable 

PrEP use; 16% of visits (n=173) had levels consistent with <2 pills per week; 9% (n=102) 

had levels consistent with 2–3 pills per week; 33% (n=366) had levels consistent with 4–6 

pills per week; and 16% (n=177) had levels consistent with daily dosing. The median self-

reported adherence in the visits where no drug was detected was 73% (Table 1).

There was a monotonic relationship between percent decrease in CrCl and increasing 

quartile of TFV (p 0·008 for trend) or FTC concentrations (p 0·006 for trend) in hair. For 

instance, the mean % change in CrCl from baseline over the duration of the study (median 

72 weeks) was −3·6% (95% CI −1·7% to −5·5%) when hair levels indicated dosing of <2 

doses/week but −4·8% (95% CI −2·7% to −6·5%) when hair levels indicated 7 pills per week 

(Figure 2). There was no difference in mean changes in CrCl between those taking 4–6 pills 

per week compared with 7 per week (p=0·93).

For participants in the hair substudy, the percentage of visits where CrCl fell to ≤60ml/min 

or ≤70ml/min were both low (0.1% and 1.1%, respectively), but the relative risks of both 

events were higher when participants started PrEP when >50 years or at baseline CrCl of 

<90ml/min (Table 2). Those with a TFV or FTC hair concentration in the highest quartile 

(commensurate with use of 6·4 (5·9 to 6·9) tablets per week) also demonstrated a trend 

towards a higher relative risk of the CrCl falling to ≤70ml/min (p trend=0·19 for TFV and 

0·004 for FTC). In a multivariate model examining predictors of declining CrCl, including 

age, starting CrCl, hypertension, BMI, NSAID use, and hair concentrations of drug, only 

baseline CrCl, baseline age and FTC level in hair were significantly associated.

Similar results were seen when analyses, both in the entire iPrEx OLE cohort and the 

participants in the hair substudy, were repeated with the outcome of renal function 
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calculated by the MDRD equation (eGFR)21 instead of via the Cockcroft-Gault equation 

(CrCl)20 (data not shown).

DISCUSSION

As in previous studies examining the impact of PrEP on renal function4–6,22, there was a 

modest but statistically significant decrease in estimated creatinine clearance over time in 

iPrEx OLE, an effect most pronounced in those starting PrEP at older ages (Figure 1). 

Moreover, for the first time in any setting (treatment or prevention), we show that higher 

concentrations of TFV and FTC in hair samples are associated with greater declines in renal 

function. This decline was monotonically associated with numbers of doses of TDF/FTC 

taken per week as estimated by hair levels (Figure 2). Finally, the probability of CrCl falling 

to ≤60 ml/min or ≤70 ml/min at least once over the first year on PrEP was low, but also 

elevated when participants started PrEP at older ages or with a starting CrCl ≤90ml/min 

(Table 2). In sum, our results suggest that renal monitoring on PrEP for those without 

concomitant risk factors for renal disease may be most important in older PrEP users (> 40 

years) and those with marginal renal function at baseline.

Pharmacologic exposure measures, where drug levels are monitored in a biomatrix such as 

plasma, peripheral blood mononuclear cells (PBMCs), dried blood spots (DBS) or hair, are 

of increasing interest to the field of PrEP adherence monitoring. Indeed, given the 

limitations of self-reported adherence23, pharmacologic measures have been crucial for trial 

interpretation in PrEP studies24,25. In this study, as in many others, self-reported adherence 

correlated poorly with adherence adjudicated by pharmacologic measures. For instance, at 

the same visits where no PrEP drugs were detected in hair samples, the median self-reported 

adherence was 73% (Table 1).

Pharmacologic measures measure behavior (e.g. adherence or drug-taking), but also monitor 

pharmacokinetic variability in drug concentrations, serving as a direct assessment of 

exposure, either short or long-term, depending on the matrix. For example, plasma measures 

of drug assess exposure over days, whereas drug concentrations in PBMCs assess exposure 

over weeks26. PrEP drug concentrations in DBS27 and hair16 represent longer-term measures 

of exposure- over weeks to months- are highly correlated28, and TFV-DP and FTC-

triphophate (FTC-TP) concentrations in DBS were strongly associated with protective 

efficacy in iPrEx OLE15.

While useful in assessing adherence, pharmacologic measures can also monitor for 

toxicities. In this study, hair concentrations of TFV/FTC predicted renal decline. In the 

iPrEx trial, higher concentrations of intracellular TFV-DP in PBMCs were associated with 

greater losses in bone mineral density29, and drug detection in plasma or PBMCs were 

associated with greater declines in CrCl22. Hair is easy to collect, store and analyze and does 

not require a cold chain or biohazardous precautions. The current study adds to the growing 

literature around the utility of hair monitoring in TDF/FTC-based PrEP.

The CDC Clinical Practice Guidelines19 recommends biannual monitoring of creatinine 

during PrEP in those without other risk factors for renal insufficiency and cessation if the 
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CrCl falls below 60ml/min. For participants under 40 years of age in iPrEx OLE, the mean 

decline in CrCl over the duration of the study was modest (−2·6%) (Figure 1) and no 

patients experienced a CrCl drop to ≤60ml/min (Table 2), even in those with estimated daily 

dosing. In younger patients, therefore, monitoring CrCl less frequently may be reasonable. 

Older age or a lower baseline creatinine clearance (≤90ml/min) at the initiation of PrEP were 

each independently associated with a faster rate of renal decline or a risk of CrCl falling 

≤60ml/min or ≤70ml/min, especially with daily dosing, so more intensive safety monitoring 

in patients with these baseline characteristics may be indicated. Other treatment settings 

have shown similar risk factors (age and marginal renal function) for TDF-associated 

toxicity8–14 and two other PrEP studies have shown that older age predicts greater declines 

in renal function on PrEP.5,6

Of note, as with TDF/FTC-based treatment11, greater declines in renal function on TDF/

FTC-based PrEP were seen in those who started with the highest baseline CrCl. Our analysis 

suggests that this trend may reflect regression toward the mean, in that there was an increase 

in CrCl among those starting PrEP in the lowest quartile of baseline CrCl.

Finally, since a substantial number of patients in this study did not take PrEP drugs daily 

according to the hair level analyses (and 27% did not take drug at all), the mean decrease in 

creatinine clearance in this population may underestimate rates in populations with optimal 

adherence. In iPrEx OLE, 4–7 doses a week were associated with similar rates of 

protection15 and toxicity (Figure 2). Although protective efficacy was high with “on 

demand” dosing of PrEP before and after sex in one study30, daily oral dosing is 

recommended in the United States19, providing the highest concentrations of drug and the 

most forgiveness for missed doses. Although the on-demand PrEP regimen studied in 

iPERGAY has not been approved by many regulatory authorities, the data in this study 

should spark further investigation of PrEP strategies for older patients with an increased risk 

for renal impairment since less than daily dosing might allow for protection, while 

maximizing safety.

The relatively short duration of follow-up for this study is a limitation when extrapolating 

findings to the real-world roll-out of PrEP. Long-term follow-up will be needed to monitor 

for long-term toxicities. Moreover, iPrEx OLE enrolled only former participants of clinical 

PrEP trials, which all required normal renal function at baseline. Even though entrance to 

the open-label extension phase did not require normal renal function, this original limitation 

still restricts generalizability. This study does not provide insight into the risks and minimum 

frequency of renal monitoring required to maintain safety among people starting PrEP with 

baseline renal insufficiency, or who have comorbidities associated with renal disease. 

Moreover, this analysis of estimated creatinine clearance only has implications for 

glomerular function, but not tubular function. Finally, hair measures provide a cumulative 

measure of exposure (over 6 weeks in this study), but cannot assess gradations of recent or 

intermittent use.

At present, since there is no alternative agent approved for PrEP beyond TDF/FTC, no 

option for PrEP in individuals with a CrCl ≤60 ml/min, and no data on the long-term effects 

of PrEP on those with borderline renal function, research to identify the minimum frequency 
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of renal monitoring required for the safe use of TDF/FTC-based PrEP is needed. Our results 

suggest that these minimum monitoring requirements may differ by age, baseline renal 

function and adherence. We further demonstrate – in a large cohort of MSM and transgender 

women–that declines in renal function were higher with greater exposure to TFV/FTC (as 

assessed via hair concentrations). The provision of PrEP to all at-risk individuals worldwide 

is integral to ending the HIV epidemic and approaches to maximize efficacy and minimize 

adverse effects, including the possible incorporation of pharmacologic measures to monitor 

both adherence and toxicities, will aid in effective scale-up.
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RESEARCH IN CONTEXT

Evidence before this study

The efficacy of tenofovir disoproxil fumarate (TDF)/emtricitabine (FTC)-based pre-

exposure prophylaxis (PrEP) for the prevention of HIV acquisition is now well-

established. In the context of global roll-out and long-term use, the focus is now shifting 

to implementation, as well as defining predictors of adverse effects and developing 

algorithms for safety monitoring. To find other reports of renal toxicities on PrEP, we 

searched PubMed and abstracts from the Conference on Retroviruses and Opportunistic 

Infections (CROI) since January 1, 2008 with the search terms “Pre-exposure 

prophylaxis” or “PrEP” and “kidney” or “renal”. We also searched the HIV treatment 

literature starting from January 1, 2002 for risk factors associated with TDF/FTC-based 

toxicities with search terms such as “HIV”, “tenofovir”, “tenofovir disoproxil fumarate”, 

“emtricitabine”, “kidney”, “renal”, “tubular”. Several studies showed small declines in 

renal function in either placebo-controlled clinical trials with the use of TDF/FTC-based 

PrEP (global iPrEx trial, Partners PrEP trial, Bangkok TDF) or an open-label study (the 

U.S. PrEP Demonstration Project). A larger number of studies in cohorts of HIV-infected 

patients on TDF/FTC based treatment in HIV-infected individuals have shown renal 

decline and defined risk factors associated with subsequent renal insufficiency, including 

older age, a lower baseline renal function when starting therapy, or a longer period of 

time on TDF/FTC.

Added value of this study

Hair concentrations of drug serve as an integrated measure of behavior (adherence) and 

biology (pharmacokinetics) and prior studies have shown a strong linear relationship 

between TDF dose and hair concentration. This current study examines declines in renal 

function and predictors of that decline in a large open-label study of PrEP, and is the first 

to incorporate a long-term measure of pharmacologic exposure to PrEP drugs (using hair 

levels) as a predictor of toxicities. In this study based in the iPrEx open label extension 

(OLE) study (MSM and transgender women), we show that three important factors 

predict subsequent renal decline: 1) Older age when starting PrEP (>40 years); 2) Lower 

estimated creatinine clearance (<90 ml/min) when starting PrEP; and 3) Higher hair 

concentrations of tenofovir/emtricitabine. Mean changes in renal decline were 

significantly greater when hair concentrations showed that pill taking was consistent with 

4–7 doses per week than with <4 doses per week. For those who started PrEP at ages <40 

years with normal baseline renal function, the rate of clinically-significant drops in renal 

function over 72 weeks was minimal.

Implications of all the available evidence

Our study, in the context of existing evidence to date on rates of renal decline on TDF/

FTC-based PrEP, has implications for guidelines for safety monitoring during the global 

roll-out of PrEP. For those starting PrEP at younger ages (<40 years) with high baseline 

renal function (CrCl >90 ml/minute), creatinine monitoring can likely be spaced out to 

yearly or even longer. For those starting PrEP at older ages (≥40 years), especially if the 

baseline renal function is lower than 90ml/min, creatinine monitoring should be more 

Gandhi et al. Page 12

Lancet HIV. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



frequent. Finally, this study incorporates a long-term measure of TFV/FTC exposure 

using hair levels to predict toxicities to PrEP for the first time, which has implications for 

the incorporation of pharmacologic measures of adherence/exposure to PrEP during the 

global expansion phase.

Gandhi et al. Page 13

Lancet HIV. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Change in creatinine clearance over time for iPrEx OLE participants, stratified by baseline 

age

*Models adjusted for age, baseline CrCl and site of enrollment; p-values compare the % 

decline in the older age strata to that in those < 40 years; SE – standard error

Gandhi et al. Page 14

Lancet HIV. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Relationship between % change in CrCl from baseline and pill taking in iPrEx OLE as 

determined by hair concentrations

*~ 27% of person-visits had hair levels demonstrating no detectable PrEP use, 16% with <2 

pills per week; 9% 2–3 pills per week; 33% 4–6 pills per week; and 16% with daily dosing
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Table 1

Baseline characteristics of participants in iPrEx OLE and its hair substudy participants

Characteristic All iPrEx OLE participants Hair substudy
participants

p-value

Number 1224 220 NA

Person visits contributing
to analysis

7475 1114 NA

Age (median, range) 30 (18 – 70) 29 (19 – 70) 0·34

Median time on study
(weeks)

72 (71 to 73) 72 (71 to 73) 0·69

Gender identity 1084 (89%) MSM;
140 (11%) transgender

women

200 (91%) MSM;
20 (9%) transgender women

0·23

Race/ethnicity 126 (10%) African American
756 (62%) Latino/mixed;

278 (23%) White
64 (5%) Asian

49 (22%) African American;
132 (60%) Latino/mixed;

25 (11%) White;
14 (6%) Asian

0·77

Weight (kg) (mean, SD) 71 (16) 72 (17) 0·19

BMI (kg/m2) (mean, SD) 24·4 (4·4) 24·6 (4·7) 0·37

Creatinine (mg/dL)
(mean, SD)

0·88 (0·14) 0·89 (0·14) 0·42

Creatinine clearance
(ml/min) (mean, range)

114 (56 to 208) 114 (63 to 195) 0·56

Visits with hypertension
(n, %)

169 (2%) 9 (4%) 0·64

Visits with NSAID use in
the prior 30 days (n, %)

1062 (14%) 20 (9%) 0·35

Self-reported adherence
(median)

97% overall 97% overall (73% in visits
where hair levels

demonstrate no detectable
PrEP use; 78% in visits with

<2 pills per week; 84% in
visits with 2–3 pills per

week; 89% in visits with 4–6
pills per week; 93% in visits

with daily dosing)

0.49

For hair substudy participants only: TFV hair concentrations (mean, SD) 0·027 (0·065) ng/mg

FTC hair concentrations (mean, SD) 0·45 (0·73) ng/mg

*
SD is standard deviation; Visit with hypertension defined by systolic blood pressure >140mmHg or diastolic blood pressure >90 mmHg; p-values 

assess differences in characteristics between the two sets of participants
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Table 2

Relative risk of participant experiencing creatinine clearance fall to ≤ 70ml/min over the first year on PrEP in 

the entire iPrEx cohort (Table 2a) and in the hair substudy (Table 2b)

Group # of
visits

% ≥ 1 visit with CrCl
falling ≤ 70ml/min over

a year on PrEP*

Relative risk p-value

Table 2a: All iPrEx OLE participants

Overall 7198 2·6% (1·9 to 3·4%)

Baseline renal function

Baseline CrCl ≥ 90 ml/min 6583 0·7% (0·4 to 1·3%) Ref

Baseline CrCl < 90 ml/min 615 20·4% (15·1 to 27·2%) 31·2 (16·2 to 60·1) <0·001

Age at initiation of PrEP

Age <40 5686 0·5% (0·2 to 1·0%) Ref

Age 40–50 973 6·4% (3·9 to 10·2%) 13·4 (5·5 to 32·5) <0·001

Age ≥ 50 years 539 16·3% (11·3 to 23·3%) 36·2 (15·6 to 83·9) <0·001

Table 2b: Participants in hair substudy

Overall 1051 4·5% (2·.6 to 7·7%)

Baseline renal function

Baseline CrCl ≥ 90 ml/min 805 1·30% Reference

Baseline CrCl < 90 ml/min 146 27·70% 25·4 (6·9 to 93·8) <0·001

Age at initiation of PrEP

Age <40 940 0·50% Reference

Age 40–50 100 12·80% 27·6 (3·2 to 236·0) 0·002

Age ≥ 50 years 111 21·30% 48·3 (5·8 to 401·2) <0·001

Drug concentration (TFV or FTC) in hair

TFV hair level, 1st quartile 298 1·3% (0·2 to 9·1%) Reference

TFV hair level, 2nd quartile 266 3·0% (0·7 to 11·3%) 2·2 (0·2 to 24·7) 0·5

TFV hair level, 3rd quartile 252 6·2% (2·4 to 15·6%) 4·7 (0·5 to 42·3) 0·17

TFV hair level, 4th quartile 235 8·2% (3·5 to 18·5%) 6·3 (0·7 to 54·3) 0·092

FTC hair level, 1st quartile 298 1·3% (0·2 to 9·1%) Reference
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Group # of
visits

% ≥ 1 visit with CrCl
falling ≤ 70ml/min over

a year on PrEP*

Relative risk p-value

FTC hair level, 2nd quartile 260 0·0% (0·1 to 1·1%) 0·0 (0·0 to 6·6) 0·263

FTC hair level, 3rd quartile 247 6·3% (2·4 to 15·9%) 4·8 (0·5 to 43·2) 0·159

FTC hair level, 4th quartile 246 10·8% (5·3 to 21·2%) 8·5 (1·0 to 68·9) 0·046

*
All visits over the duration of the study were used to calculate the rate of falling ≤70ml/min

*
The rate of CrCl falling to ≤60 ml/min was low at 0.1% overall in the cohort across all visits (9 of 7198 visits), but all 9 of the drops occurred in 

participants who started PrEP at CrCl <90ml/min and 8/9 occurred in participants starting PrEP ≥50 years of age (the other participant was 40–49 
years old)
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