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Objective. Tenofovir disoproxil fumarate (TDF) is associated with proximal tubular dysfunction (tubulopathy) when used in the treat-
ment of human immunodeficiency virus (HIV) infection. We evaluated whether TDF causes tubulopathy when used as HIV preexposure
prophylaxis (PrEP) and whether tubulopathy predicts clinically relevant decline (≥25%) in the estimated glomerular filtration rate (eGFR).

Methods. A subgroup analysis of the Partners PrEP Study, a randomized, placebo-controlled trial of daily oral TDF, alone or
with emtricitabine (FTC), in HIV-uninfected African men and women (Clinicaltrials.gov NCT00557245). Tubulopathy was assessed
in concurrently obtained urine and serum samples at the 24-month or last on-treatment visit, predefined as ≥2 of the following:
tubular proteinuria, euglycemic glycosuria, increased urinary phosphate, and uric acid excretion.

Results. Of 1549 persons studied (776 receiving FTC-TDF, 773 receiving placebo), 64% were male, and the median age was 37 years.
Over a median 24 months of study-drug exposure, the frequency of tubulopathy was 1.7% for FTC-TDF versus 1.3% for placebo (odds
ratio, 1.30; 95% confidence interval, .52–3.33; P = .68); Tubulopathy occurred in 2 of 52 persons (3.8%) with versus 3 of 208 (1.4%)
without ≥25% eGFR decline (adjusted odds ratio, 1.39; .10–14.0; P > .99).

Conclusions. Daily oral FTC-TDF PrEP was not significantly associated with tubulopathy over the course of 24 months, nor did
tubulopathy predict clinically relevant eGFR decline.
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Preexposure prophylaxis (PrEP) with tenofovir disoproxil fuma-
rate (TDF), alone or in combination with emtricitabine (FTC),
protects against human immunodeficiency virus (HIV) acquisi-
tion in diverse at-risk populations [1–4].Although TDF is well tol-
erated, proximal tubular dysfunction has been observed more
frequently in HIV-infected persons using TDF-containing antire-
troviral regimens than in those using non–TDF-containing regi-
mens [5–10]. Clinically significant proximal tubular dysfunction,
or Fanconi syndrome, is a rare but serious complication charac-
terized by low molecular-weight proteinuria, euglycemic glycos-
uria, hypophosphatemia, phosphaturia, metabolic acidosis, and
hypouricemia. In clinical trials [1–3, 11–13], TDF-based PrEP

was not associated with overt kidney toxicity as assessed by
serum creatinine, but early proximal tubular injury can occur
without severe decline in the glomerular filtration rate (GFR) [5].

To our knowledge, no study has assessed the effect of TDF-
based PrEP on proximal tubular function in HIV-uninfected
women. An optional substudy of the preexposure prophylaxis ini-
tiative (iPrEx) Study previously demonstrated a low rate of prox-
imal tubulopathy in HIV-uninfected men assigned to TDF-based
PrEP; however, a substantial number of participants randomized
to FTC-TDF were not adherent to PrEP, as measured by plasma
tenofovir concentrations in the primary study [14]. In a random-
ized placebo-controlled comparison, we investigated whether
daily FTC-TDF PrEP causes proximal tubular dysfunction
among HIV-uninfected men and women with high adherence
to PrEP and whether tubular dysfunction predicts a subsequent
clinically relevant decline in estimated GFR (eGFR).

METHODS

Study Population
This is a subgroup analysis of the Partners PrEP Study, a large
randomized, placebo-controlled trial of daily oral TDF and
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FTC-TDF PrEP (Clinicaltrials.gov NCT00557245) [1]. The study
enrolled 4747 heterosexual HIV-serodiscordant couples at 9 sites
in Kenya and Uganda between July 2008 and November 2010.
Eligible HIV-uninfected participants were ≥18 years of age, did
not have active hepatitis B infection, and had Cockcroft-Gault
creatinine clearance (CrCl) ≥60 mL/min). HIV-uninfected part-
ners were randomly assigned in a 1:1:1 ratio to one of 3 study
treatment groups: TDF (300 mg/d), FTC-TDF (300–200 mg/d),
or matching placebo, and were followed up monthly for ≤36
months. Serum and urine samples were collected and archived
at baseline and month 3, and then annually to assess proximal
tubular function. In July 2011, the independent data and safety
monitoring board (DSMB) recommended that the placebo arm
be discontinued owing to definitive demonstration of PrEP effica-
cy. The study protocol was approved by the University of Wash-
ington Human Subjects Review Committee and ethics review
committees at collaborating institutions. All participants provid-
ed written informed consent.

Approach for the Current Analysis
We used 2 complementary analyses to answer 2 related ques-
tions: (1) a subgroup cohort analysis of HIV-uninfected men
and women randomly assigned to FTC-TDF versus placebo
to determine whether FTC-TDF PrEP causes proximal tubular
dysfunction, as the primary aim, and (2) a nested case-control
analysis of persons receiving TDF or FTC-TDF to investigate
whether proximal tubular dysfunction predicts subsequent clin-
ically relevant eGFR decline (≥25%), as the secondary aim.

Intervention and Adherence Assessment
For the cohort analysis, the intervention was a comparison of
the frequency of proximal tubular dysfunction between persons
who were randomized to FTC-TDF versus placebo. FTC-TDF
was chosen because it is the drug approved by the US Food
and Drug Administration for PrEP, and we assumed that poten-
tial safety signals would be equally or potentially more prevalent
in persons receiving a dual coformulation than in those receiv-
ing a single agent. The nested case-control analysis included
persons in the TDF or FTC-TDF arms to capture all cases of
severe eGFR decline (≥25%) with TDF exposure observed in
the Partners PrEP Study cohort. Adherence to study medication
was assessed by pill counts of returned bottles at each monthly
visit, and blood samples to determine tenofovir level were col-
lected in a random sample of participants at months 1 and 3
and then biannually. Plasma tenofovir concentrations were pre-
viously determined in archived plasma samples using ultraper-
formance liquid chromatography-mass spectrometry assay
methods, with detectable plasma tenofovir concentration de-
fined as >0.31 ng/mL, consistent with other PrEP trials [3, 12].

Participant Selection
Prospective Cohort Analysis

Eligible persons were HIV-uninfected men and women ran-
domized to FTC-TDF and placebo arms in the Partners PrEP

Study ≥24 months before 10 July 2011, when the placebo
arm was discontinued by the DSMB. Our goal was to maintain
randomized group assignment in the selected cohort while
maximizing the duration of drug exposure in the selected co-
hort to reflect the cumulative nature of TDF toxicity. The pri-
mary selection criterion for inclusion in the cohort analysis was
the possibility to have ≥24 months of study follow-up by 10 July
2011 when the study placebo arm was suspended by the DSMB.
This selection criterion is based on a baseline variable, “date of
enrollment into the study,” and thus preserves the randomized
group assignment in the selected subgroup. All eligible persons
with concurrently collected urine and serum samples were in-
cluded. We selected archived serum and urine samples from a
single on-treatment visit, either the 24-month visit or, for those
who did not achieve this 24 visit, the last on-treatment visit.
Samples collected after HIV seroconversion were not included.

Nested Case-Control Analysis (Figure 1)

Clinically relevant eGFR decline was defined as a confirmed
≥25% decline from baseline, an established criterion for the di-
agnosis of acute kidney injury and a marker of increased mor-
bidity and mortality [15–18]. As reported elsewhere [19], 69
persons in the 2 active PrEP arms experienced ≥25% eGFR de-
cline from baseline, confirmed by repeated testing (case diagno-
sis): 37 in the FTC-TDF and 32 in the TDF arm. All case
patients in the active PrEP arms with concurrent urine and
serum samples at any visit before the case diagnosis visit were
selected; for case patients with samples available at >1 visit, the
most proximal visit sample was selected. Controls were partici-
pants randomized to TDF and FTC-TDF who never experienced
≥25% eGFR decline and who had concurrently collected urine
and serum samples. For each selected case patient, 4 controls
were randomly selected and were frequency matched to case pa-
tients by assigned treatment group (TDF or FTC-TDF) and du-
ration of drug exposure.

Measurement and Definitions of Proximal Tubular Dysfunction
Serum assays for tubular function included creatinine, phos-
phorus, glucose, and uric acid, and urine assays included
creatinine, phosphorus, glucose, uric acid, albumin, and total
protein. Proximal tubulopathy was predefined as the occurrence
of ≥2 of the following markers of proximal tubular dysfunction
at the same time point: tubular proteinuria, defined as protein-
uria of >200 mg/g with a urine albumin–total protein ratio <0.4;
euglycemic glycosuria, defined as a positive urine glucose
level (≥10 mg/dL) with a normal random serum glucose level
(<126 mg/dL); increased urinary excretion of phosphorus, de-
fined as a fractional tubular resorption of phosphorus <82%; and
increased urinary excretion of uric acid, defined as fractional
excretion of uric acid >15%. To characterize low-grade phos-
phate and glucose wasting, 2 cardinal features of Fanconi syn-
drome, we also computed the ratio of maximum rate of tubular
phosphate reabsorption to the GFR (TmP/GFR) using the
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algorithm derived by Kenny and Glen [20–22], with values
below 2.6 mg/dL (0.80 mmol/L) considered abnormal, and frac-
tional resorption of glucose, with values <100% considered glu-
cose wasting. In the nested case-control analysis, persons who
experienced ≥25% eGFR decline were identified from our pre-
vious work on eGFR changes associated with TDF-based PrEP
[19]. The eGFR was calculated from serum creatinine using the
Chronic Kidney Disease Epidemiology Collaboration equation
[23]. Testing for tubular parameters was performed by the Lab-
oratory Medicine Research Testing Services of the University of
Washington.

Statistical Analysis
For the cohort analysis, the primary outcome was proximal tu-
bulopathy, predefined as the composite of ≥2 markers of prox-
imal tubular dysfunction and compared between those assigned

to FTC-TDF PrEP and those assigned to placebo. We tested for
the difference in proportions using exact or asymptotic methods
where appropriate. Additional analysis compared the frequency
of the individual markers of proximal tubular dysfunction be-
tween FTC-TDF and placebo. In sensitivity analyses, we used
more stringent definitions of abnormal values for phosphate re-
sorption (fractional tubular resorption of phosphorus <95%
with serum phosphate <2.6 mg/dL or TmP/GFR <0.80 mmol/
L) and glucose resorption (fractional resorption of glucose
<100%).

For the nested case-control analysis, the primary exposure of
interest was proximal tubulopathy as defined in the cohort anal-
ysis, and case patients (who experienced ≥25% eGFR decline)
were compared with controls using logistic regression. In addi-
tion to the primary composite variable defining proximal tubul-
opathy, we evaluated whether any of the individual markers of

Figure 1. Study flow diagram. We used 2 complementary designs to answer 2 related questions; (1) a cohort analysis to determine whether emtricitabine (FTC)–tenofovir
disoproxil fumarate (TDF) preexposure prophylaxis (PrEP) causes proximal tubulopathy, and (2) a nested case-control analysis of participants receiving either FTC-TDF or TDF PrEP
to investigate whether proximal tubulopathy predicts a subsequent ≥25% estimated glomerular filtration rate (eGFR) decline from baseline. The cohort analysis considered
persons randomized to FTC-TDF and placebo in the Partners PrEP Study. The primary selection criterion for inclusion in the cohort analysis was the possibility to have the 24-
month visit by 10 July 2011, when the study placebo arm was suspended by the data and safety monitoring board (DSMB); this criterion is based on a baseline variable “date of
enrollment into the study” and thus preserves the randomized group assignment. Persons selected into the cohort approach (n = 1549) tended to be female and older, with lower
creatinine clearance and elevated blood pressure at baseline—characteristics indicating a high propensity for kidney toxicity—compared with those not selected (n = 1614).
The nested case-control analysis considered persons assigned to active PrEP arms (FTC-TDF or TDF) who experienced a ≥25% eGFR decline (case patients). Controls were
persons receiving active PrEP who never experienced a ≥25% decline in eGFR and who were frequency matched to case patients by study arm (either TDF or FTC-TDF) and
duration of drug exposure. Abbreviation: HIV, human immunodeficiency virus.
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proximal tubular dysfunction separately predict a ≥25% eGFR
decline. Each model was adjusted for sex, age, body mass index,
baseline eGFR, and indicator for elevated systolic blood pres-
sure. Analyses were conducted using SAS software, version 9.4
(SAS Institute).

RESULTS

General Characteristics
Of the 3163 HIV-uninfected participants randomized to the
FTC-TDF and placebo groups in the Partners PrEP Study,
1576 were randomized ≥24 months before termination of the
placebo arm and thus met the primary selection criterion;
1549 of those (98%) had concurrently obtained urine and
serum samples and were included in the cohort analysis, 776
in the FTC-TDF and 773 in the placebo arm (Figure 1). Of
these 1549, 64% were male, the median age was 37 years
(range, 18–64 years), and baseline characteristics were compa-
rable in the 2 treatment groups (Table 1). Overall, 1394 (90%)
and 93 (6%)of them had tubular testing performed on their
month 24 and 12 samples, respectively, with similar propor-
tions across treatment groups.

In the nested case-control approach, 52 case patients with
≥25% eGFR decline from baseline in the active PrEP arms
were frequency matched to 208 controls (ie, participants in
the active PrEP arms who never experienced a ≥25% eGFR de-
cline from baseline) in a 1:4 ratio; 17 case patients were excluded
owing to absence of concurrently obtained urine and serum
samples. Compared with controls, case patients were more like-
ly to be female, to be older, and to have lower baseline CrCl
values, but they were comparable on all other baseline charac-
teristics (Table 2). The median follow-up duration at case diag-
nosis was 15 months. Overall, excluded case patients (n = 17)
were comparable to included ones on baseline characteristics
(data not shown).

Effect of FTC-TDF PrEP on Proximal Tubular Function
Proximal tubulopathy, defined as a composite of ≥2 markers of
proximal tubular dysfunction as described in Methods, was rare
in this study population (Table 3), occurring in 13 (1.7%) of the
participants in the FTC-TDF group and 10 (1.3%) in the placebo
group (odds ratio [OR], 1.30; 95% confidence interval [CI], 0.52–
3.33; P = .68). Multivariate analysis with sex and baseline age, CrCl,
indicator for elevated systolic blood pressure, and body mass index
did not have substantial effect on the estimates (data not shown).
Sensitivity analyses with conservative definitions for phosphate
and glucose wasting yielded similar results, as did analysis exclud-
ing 68 participants with >4 consecutive weeks off study medication
for any reason during the 24-month period. The distributions of
individual biomarkers of phosphate and glucose resorption were
similar in the 2 treatment groups; however, tubular proteinuria
(57 participants [7.3%] vs 31 [4.0%]; P = .01) and increased uri-
nary excretion of uric acid (27 [3.5%] vs 10 [1.3%]; P = .001)

occurred more frequently in the FTC-TDF group than in the pla-
cebo group. Overall, drug exposure was high in this cohort; teno-
fovir was detectable in 787 of 1028 plasma samples (77%) available
from a subset of 303 participants in the FTC-TDF group (median
tenofovir plasma concentration, 67 ng/mL; interquartile range,
1.89–101.0; >40 ng/mL is indicative of daily dosing).

Association of Proximal Tubular Dysfunction With Clinically Relevant
Decline in eGFR
In the nested case-control analysis, proximal tubulopathy oc-
curred in 2 of 52 case patients (3.8%) with ≥25% eGFR decline
compared with 3 of 208 controls (1.4%) (adjusted OR, 1.39; 95%
CI, .10–14.0; P > .99) (Table 4). Sensitivity analyses with more
conservative definitions of proximal tubulopathy composite out-
come yielded similar findings. Conversely, individual markers of
proximal tubular dysfunction, as defined in Methods, seemed to
be associated with elevated odds for ≥25% eGFR decline, but no
significant differences were recorded (P > .05 for all assessed
markers; Table 4). Overall, baseline covariates significantly
associated with increased risk of ≥25% eGFR decline were female
sex (adjusted OR, 3.03; 95% CI, 1.48 to –6.21; P = .002) and older
age (adjusted OR for every 5-year age increase, 1.27; 1.04–1.57;
P = .02). Tenofovir was detectable in 87 of 107 plasma samples
(81%) available from a subset of 24 case patients (median
tenofovir plasma concentration, 83 ng/mL; interquartile range,
12.7–98.7 ng/mL). Overall, we identified a single participant
with concurrent proximal tubulopathy and ≥25% eGFR decline
that clinically would be characterized as Fanconi syndrome,

Table 1. Participant Enrollment Characteristics: Cohort Analysis

Characteristics
FTC-TDF
(n = 776)

Placebo
(n = 773)

P
Valuea

Male sex, % 65 63 .39

Age, mean (SD), y 37 (9) 37 (9) .93

Age group, %

<35 y 43 45

35–44 y 36 35

≥45 y 21 20

CrCl, mean (SD), mL/min 107 (24) 107 (25) .75

Serum creatinine, mean (SD), mg/dL 0.79 (15) 0.78 (15) .29

Serum bicarbonate, mean (SD), mEq/L 24.4 (3) 24.2 (2.9) .02

Serum phosphorus, mean (SD), mg/dL 3.4 (0.7) 3.4 (0.68) .40

Elevated blood pressure, %

Systolic (>140 mm Hg) 3 5 .29

Diastolic (>90 mm Hg) 3 4 .50

BMI category, (kg/m²), % 22.2 (3.3) 22.3 (3.7) .30

<18.5 9 7

18.5–24.9 75 75

25–29.9 13 14

≥30 3 4

Abbreviations: BMI, body mass index; CrCl, creatinine clearance; FTC, emtricitabine; SD,
standard deviation; TDF, tenofovir disoproxil fumarate.
a P values are from Mann–Whitney-Wilcoxon test for continuous outcomes and χ2 or Fisher
exact tests for categorical variable where appropriate, testing the null hypothesis that the 2
distributions are identical.
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a 49-year-old man in the FTC-TDF arm enrolled with a CrCl of
107 mL/min (serum creatinine, 0.7 mg/dL), a serum phosphorus
level of 4.8 mg/dL, trace dipstick proteinuria, and a long-standing
history of unspecified dermatitis (case report provided in the
online supplement).

DISCUSSION

In this placebo-controlled study of daily oral FTC-TDF PrEP,
TDF was not significantly associated with subclinical proximal
tubular dysfunction during up to 24 months of observation.
These results did not change in sensitivity analyses with alternate
definitions for tubulopathy. We observed a higher frequency of
isolated tubular proteinuria and isolated hyperuricosuria in per-
sons receiving FTC-TDF compared with placebo. Because total
proteinuria and albuminuria have been associated with increased
risk of adverse outcomes, further research is needed to determine
the clinical significance of nonalbumin proteinuria. Our study
has several strengths, including a prospective, randomized design
with high adherence to PrEP [24,25], a placebo comparison, and a
large sample size of men and women across a broad range of ages,
and thus it provides robust evidence assessing the effect of TDF-
based PrEP on proximal tubular function in HIV-uninfected
persons. The Partners PrEP study had the highest adherence to
PrEP of any reported PrEP trial, with tenofovir detectable in 82%
of a random samples of participants; in the current analysis,

plasma tenofovir concentrations were indicative of consistent
daily dosing in the majority of included participants. The current
analysis is further enriched for drug exposure by including par-
ticipants with 24 months of observation, making this cohort an
important source of empirical evidence for TDF-related nephro-
toxicity in HIV-uninfected persons [26].

An important concern for TDF use in healthy HIV-uninfected
persons is the potential to cause kidney toxicity. Secondary
safety analyses from the Partners PrEP and iPrEx trials showed
that TDF-based PrEP is associated not with severe eGFR decline
but rather with a very small and nonprogressive eGFR decline
[14, 19]. However, the absence of severe GFR decline does
not preclude tubular injury [5]. The present study demonstrates
that proximal tubular dysfunction is rare among healthy HIV-
uninfected men and women with high adherence to daily oral
FTC-TDF PrEP. The US Centers for Disease Control and Pre-
vention and the World Health Organization have issued guide-
lines recommending that PrEP be offered as a prevention
option to persons at substantial risk for HIV acquisition [27,
28]; our findings are informative for evidence-based guidelines
on renal monitoring during PrEP use.

As reported elsewhere [19], 69 (2%) of the participants re-
ceiving active PrEP in the Partners PrEP Study cohort had a
≥25% eGFR decline. Whether early TDF-related proximal tu-
bular dysfunction can be used to identify a minority of patients

Table 2. Participant Enrollment Characteristics: Nested Case-Control Analysis

Characteristics Case Patients (n = 52) Controls (n = 208) P Valuea

Male sex, % 40 68 <.01

Age, median (range), y 38 (19–58) 34 (18–58) .01

Age group, %

<35 y 35 55

35–44 y 44 33

≥45 y 21 12

CrCl, median (range), mL/min 100 (60–162) 111 (60–172) <.01

Serum creatinine, median (range), mg/dL 0.70 (0.49–1.06) 0.80 (0.40–1.24) .02

Serum bicarbonate, median (range), mEq/L 24 (16–31) 24 (16–34) .79

Serum phosphorus, median (range), mg/dL 3.4 (2.3–4.8) 3.4 (2.3–4.8) .35

Elevated blood pressure, %

Systolic (>140 mm Hg) 2 3 .59

Diastolic (>90 mm Hg) 2 3 .70

BMI, median (range) 22.4 (16.6–31.8) 22.2 (15.9–34.4) .96

BMI category, (kg/m²), %

<18.5 12 10

18.5–24.9 69 72

25–29.9 13 14

≥30 6 4

Duration of follow-up, median (range), mo

At sample collection 12 (3–24) 12 (3–24) >.99

At case diagnosis 15 (6–33)

Abbreviations: BMI, body mass index; CrCl, creatinine clearance.
a P values from Mann–Whitney–Wilcoxon test for continuous outcomes and χ2 or Fisher exact testing for categorical variable where appropriate, testing the null hypothesis that the 2
distributions are identical.
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at increased risk of TDF-related Fanconi syndrome or progres-
sive GFR decline has not previously been studied to our knowl-
edge. We found that a clinically relevant decline in eGFR (ie,
≥25% eGFR decline from baseline) was not significantly corre-
lated with proximal tubular dysfunction, using either a compos-
ite definition or individual markers of proximal tubular
dysfunction. These findings suggest that monitoring with rou-
tine urine markers of proximal tubulopathy will not be an effi-
cient approach for predicting this rare but serious adverse renal
event with PrEP. However, it is notable that the ORs for several
individual markers of proximal tubulopathy were >2, suggesting
the possibility that there is an association with eGFR decline but
that proximal tubulopathy was not fully established at the ear-
lier time point. Because it is unlikely that more definitive data
will become available to address this possibility, it seems pru-
dent to consider increased frequency of toxicity monitoring in
persons with evidence of proximal tubulopathy based on
serum or urine markers. We observed a single case of concur-
rent proximal tubulopathy and ≥25% eGFR decline that would
be clinically characterized as Fanconi syndrome in a partici-
pant assigned to FTC-TDF PrEP in combination with poten-
tially nephrotoxic comedications, reinforcing the importance
of toxicity monitoring and further studies in individuals at

increased risk of adverse events. Importantly, this adverse
event was also identified during routine follow-up in the Part-
ners PrEP Study, and the abnormalities resolved rapidly after
drug discontinuation.

Our data complement the findings of an optional substudy of
iPrEx, which demonstrated a very low rate of proximal tubulop-
athy in men predominantly enrolled in South America [14].
The current analysis expands on that study by including both
men and women with high TDF exposure and by preserving
the benefits of randomization.

This study has several limitations. First, it is possible that the
criterion used for characterizing proximal tubular dysfunction
may be less sensitive than proposed biomarkers, such as retinol
binding protein and β2-microglobulin. However, these bio-
markers are more costly, and data on their clinical usefulness
in HIV-uninfected persons are limited. The tubular parameters
used in this study are routinely available for clinical practice and
have been used in prior studies. Second, tubular parameters
were assessed at a single on-treatment visit without testing at
baseline; thus, incident tubulopathy could not be accurately
characterized. Importantly, because our approach preserved
randomized assignment, the interpretation of the between-
group comparison is unaffected. Third, the parent trial excluded

Table 3. Frequency of Markers of Proximal Tubular Dysfunction in Cohort Analysis Comparing FTC-TDF to Placebo

Outcome Definition

Participants, No. (%)

OR (95% CI) P ValueaFTC-TDF (n = 776) Placebo (n = 773)

Primary analysis: ≥2 markers of proximal tubular dysfunction

Fractional tubular resorption of phosphate <82%, urine glucose ≥10 mg/dL with serum
glucose ≤126 mg/dL, urine total protein–urine creatinine >200 mg/g with urine
albumin–total protein ratio <0.4, fractional excretion of uric acid >15%

13 (1.7) 10 (1.3) 1.30 (.52–3.33) .68

Sensitivity analysis for composite outcome

Fractional tubular resorption of phosphate <95% with serum phosphate <2.6 mg/dL;
all other criteria as in primary analysis

9 (1.2) 8 (1.0) 1.12 (.38–3.36) >.99

TmP/eGFR <0.8 mmol/L; all other criteria as in primary analysis 15 (1.9) 11 (1.4) 1.36 (.58–3.31) .56

Fractional tubular resorption of phosphate <95% with serum phosphate <2.6 mg/dL,
fractional resorption of glucose <100%; all other criteria as in primary analysis

8 (1.0) 5 (0.7) 1.60 (.45–6.24) .58

Individual markers of proximal tubular dysfunction

Phosphate handling

Fractional tubular resorption of phosphate <82% 20 (2.6) 21 (2.7) 0.95 (.51–1.76) .86

Fractional tubular resorption of phosphate <95% with serum phosphate <2.6 mg/dL 14 (1.8) 8 (1.0) 1.76 (.73–4.21) .21

TmP/GFR <2.6 mg/dL 34 (4.4) 33 (4.3) 1.03 (.63–1.68) .91

Glucose resorption

Urine glucose ≥10 mg/dL with serum glucose ≤126 mg/dL 84 (10.8) 96 (12.4) 0.86 (.63–1.17) .32

Fractional tubular resorption of glucose <100% 10 (1.3) 7 (0.9) 1.43 (.54–3.77) .63

Proteinuria

Tubular proteinuria: urine total protein–urine creatinine >200 mg/g with urine
albumin– total protein ratio <0.4

57 (7.3) 31 (4.0) 1.90 (1.21–2.97) <.01

Urine total protein–urine creatinine >200 mg/g 62 (8.0) 34 (4.4) 1.89 (1.23–2.90) <.01

Uric acid excretion

Fractional excretion of uric acid >15% 27 (3.5) 10 (1.3) 2.27 (1.32–5.72) .001

Abbreviations: CI, confidence interval; FTC, emtricitabine; OR, odds ratio; TDF, tenofovir disoproxil fumarate; TmP/eGFR, ratio of maximum rate of tubular phosphate resorption to glomerular
filtration rate.
a P values from unadjusted χ2 or Fisher exact test, where appropriate, for the randomized comparison of participants assigned to FTC-TDF versus placebo. Multivariate analyses including sex,
baseline age, eGFR, indicator for elevated systolic blood pressure, and body mass index yielded similar results.
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persons with baseline CrCl <60 mL/min, confirmed dipstick
proteinuria, or concomitant use of nephrotoxic medications;
consequently, tubular function in those subpopulations could
not be evaluated. In addition, the median age in our cohort
was 36 years, and <10% of participants were aged ≥50 years.
Fourth, against a very low background rate of proximal tubulop-
athy, we were able to detect only large increases in the risk of
proximal tubulopathy. Finally, long-term PrEP effects beyond
the study duration cannot be ascertained.

In conclusion, in this large placebo-controlled investigation,
daily oral FTC-TDF PrEP was not associated with increased
prevalence of proximal tubular dysfunction after up to 24
months of tenofovir use. The observation of a single case of
overt Fanconi syndrome during active PrEP reinforces the im-
portance of toxicity monitoring, particularly in individuals with
risk factors for kidney injury, including concomitant nephro-
toxic medications, older age, and comorbid risk factors for kid-
ney disease. These findings support the safety of TDF-based
PrEP for up to 24 months as a component of HIV prevention
in healthy HIV-uninfected individuals.
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Table 4. Nested Case-control Analysis of Relationship Between eGFR Decline of ≥25% and Antecedent Proximal Tubular Dysfunctiona

Exposure Definition
Case Patients,
No. (%) (n = 52)

Controls,
No. (%) (n = 208) OR (95% CI) P Value

Primary analysis: ≥2 markers of proximal tubular dysfunction

Fractional tubular resorption of phosphate <82%, urine glucose ≥10 mg/dL with
serum glucose ≤126 mg/dL, urine total protein–urine creatinine >200 mg/g with
urine albumin–total protein ratio <0.4, fractional excretion of uric acid >15%

2 (3.8) 3 (1.4) 1.39 (.10–14.0) >.99

Sensitivity analysis for composite outcome

Fractional tubular resorption of phosphate <95% with serum phosphate <2.6 mg/dL;
all other criteria as in primary analysis

1 (1.9) 5 (2.4) 0.58 (.01–5.58) >.99

TmP/eGFR <0.8 mmol/L; all other criteria as in primary analysis 1 (1.9) 5 (2.4) 0.58 (.01–5.58) >.99

Fractional tubular resorption of phosphate <95% with serum phosphate <2.6 mg/dL,
fractional resorption of glucose <100%; all other criteria as in primary analysis

1 (1.9) 2 (1.0) 1.55 (.02–32.26) >.99

Individual markers of proximal tubular dysfunction

Phosphate handling

Fractional tubular resorption of phosphate <82% 4 (7.7) 3 (1.4) 5.24 (.74–42.10) .11

Fractional tubular resorption of phosphate <95% with serum phosphate <2.6 mg/dL 3 (5.8) 5 (2.4) 2.65 (.39–14.43) .36

TmP/GFR <2.6 mg/dL 4 (7.7) 6 (2.9) 2.64 (.53–11.70) .27

Glucose resorption

Urine glucose ≥10 mg/dL with serum glucose ≤126 mg/dL 8 (15.4) 30 (14.4) 1.11 (.40–2.82) .97

Fractional resorption of glucose <100% 2 (3.8) 2 (1.0) 4.61 (.30–70) .33

Proteinuria

Tubular proteinuria: urine total protein–urine creatinine >200 mg/g with urine
albumin–total protein ratio <0.4

2 (3.8) 13 (6.3) 2.18 (.43–2201) .53

Urine total protein–urine creatinine >200 mg/g 2 (3.8) 14 (6.7) 0.44 (.04–2.20) .48

Uric acid excretion

Fractional excretion of uric acid >15% 3 (5.8) 3 (1.4) 2.93 (.34–24.47) .41

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; OR, odds ratio; TmP/eGFR, ratio of maximum rate of tubular phosphate resorption to glomerular filtration rate.
a Comparisons were adjusted for age, sex, and baseline eGFR. P values are from Fisher exact tests comparing the frequency of markers of proximal tubular dysfunction between case patients
and controls. Case patients were persons receiving active preexposure prophylaxis (PrEP) who experienced a ≥25% decline in eGFR from baseline. Controls were persons receiving active PrEP
without ≥25% decline in eGFR, frequency matched to case patients by study arm (tenofovir disoproxil fumarate alone or with emtricitabine) and duration of drug exposure.
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