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Abstract

There are increasing reports of antiretroviral therapy (ART) drug-related kidney dysfunction. Traditional markers of

kidney dysfunction such as urine protein/creatinine ratio and estimated glomerular filtration rate (eGFR) have thus far

proven ineffective at detecting some sub-clinical forms of ART-related kidney injury. This is a cross-sectional examination

of 114 people living with HIV (PLWH), either naı̈ve (N ¼104) or treatment experienced (N ¼10). Urinary kidney injury

molecule-1 (KIM-1 ng/mg) thresholds were estimated using electrochemiluminescent assays from stored urine samples

and normalised for urinary creatinine excretion (KIM-1/Cr). Correlation coefficients and predictors of kidney tubular

injury were compared and derived for both adjusted and unadjusted urinary KIM-1/CR (ng/mg). In PLWH (both ART-

naı̈ve and treatment experienced) had a higher baseline unadjusted and adjusted median (�3.7 ng/mg) and upper tertile

(�6.25 ng/mg) urinary KIM-1/Cr levels compared to either non-normal volunteers (0.39 ng/mg) or those with acute

kidney injury in the general population (0.57 ng/mg). When upper tertile KIM-1/Cr (�6.25 ng/mg) was utilised as a

marker of kidney injury, eGFR (ml/min/1.73 m2), white Caucasian ethnicity, and protease inhibitor exposure were

significantly associated with increased risk of kidney injury in multivariate analyses (odds ratio 0.91, confidence interval

[CI] 0.68–0.98, P¼ 0.02; odds ratio 8.9, CI 1.6–48.6, p¼ 0.01; and odds ratio 0.05, CI 0.03–0.9, p ¼0.04, respectively).

We found a significant degree of sub-clinical kidney injury (high unadjusted and adjusted KIM-1/Cr) in PLWH with

normal kidney function (eGFR �60 ml/min/1.73 m2). We also found a higher baseline KIM-1/Cr (ng/mg) in our study

cohort than reported both in normal volunteers and patients with kidney injury in the general population.
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Introduction

Kidney disease in its various phenotypes has been

reported to be amongst the fourth leading cause of mor-

tality amongst people living with HIV (PLWH) exposed

to antiretroviral therapy (ART) drugs.1–4 The range of

ART-related extra-glomerular morbidities includes

nephrolithiasis associated with the protease inhibitor

(PI) atazanavir, and kidney tubular dysfunction

(KTD) with tenofovir disoproxil fumarate (TDF)2,5

amongst others. Estimated glomerular filtration rate

(eGFR) has been reported to be normal in the setting

of up to five-fold increase in urine albumin:creatinine

ration (ACR) in one study in PLWH.6 Therefore,

having a biomarker reporting sub-clinical kidney

tubular injury early in PLWH exposed to ART will be
important, as it will allow risk stratification of these
patients before commencement of ART including mon-
itoring whilst on them. A number of candidate low
molecular weight proteins (LMWPs) excreted in urine
have been proposed as potential surrogate markers of
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kidney injury in these cohorts of patients.7 The role of
kidney injury molecule-1 (KIM-1) in the diagnostic eval-
uation of kidney injury has been the subject of increas-
ing attention in the general population but perhaps less
so in PLWH. It has however continued to generate
increasing mechanistic and clinical interest regarding
its probable utilisation as an early reliable marker as
well as risk-stratification tool for PLWH with suspected
kidney tubular injury.8,9 It is expressed by several cells
including kidney tubular cells following exposure to
stress (including metabolic, infective, and inflammatory
stress).9 It is a trans-membrane glycoprotein with an
ecto-domain which when cleaved and excreted in urine
can be estimated and has been shown to correlate with
kidney injury.9 Urinary KIM-1 excretion has been
shown to correlate with varying degrees of kidney
injury in both mechanistic and systematic studies in
the general population both as a predictor of adverse
outcomes as well as a surrogate marker.9,10 However,
the role of both HIV infection itself and secondary
ART-related kidney injuries in the urinary kinetics of
KIM-1 (adjusted for urine creatinine excretion) remains
unknown and has continued to generate intense mecha-
nistic debate.10 Notably its total lack of expression in
healthy kidneys makes it an elegant and potential useful
biomarker of kidney injury in both PLWH on ART and
the general population. Determining kidney tubular
involvement early (before established change in tradi-
tional kidney biomarker kinetics) will be a desirable
and potentially safer option for patients, because it
will allow withdrawal of the offending ART drug.
Much as this is the thrust of this study, the long-term
utility of this strategy (i.e. use of novel kidney tubular
biomarkers) will be dependent on outcome of high
power prospective systematic studies.

In this report, we have explored the potential clinical
utility of unadjusted urinary KIM-1/Cr (ng/mg) in
reporting acute tubular injury vis-à-vis other estab-
lished traditional markers of kidney injury (eGFR,
urine protein/creatinine ratio [PCR]) in PLWH
exposed to ART drugs. We have chosen to exclusively
explore KIM-1’s diagnostic utility owing to relatively
limited data in PLWH compared to other bio-
markers.11–14 We hypothesise that establishing KIM-
1/Cr as a reliable marker of acute sub-clinical kidney
injury in this population could contribute in risk strat-
ification before commencement of potentially nephro-
toxic ART drugs.

Patients and methods

We recruited 127 consecutive PLWH attending outpa-
tient’s clinics at Royal Liverpool University Hospital
from October 2011 to March 2013. One hundred and
fourteen HIV-positive patients were recruited for cross-

sectional evaluation of the association between KIM-1
thresholds and various ART exposure. We utilised pre-
viously reported KIM-1 levels in PLWH with normal
kidney function for comparison with thresholds
reported from our study.15 Inclusion criteria include
PLWH (ART-naı̈ve or treatment experienced), age
�18 years old, any CD4 cell count or viral load, and
ability to give consent. Patients satisfying these criteria
were counselled and recruited into the study. Figure 1
gives the distribution of the study cohort.
Demographic, clinical, and laboratory parameters
were abstracted from patient’s case notes and electronic
records. Ten millilitres of whole blood and random
urine samples (10 ml) were collected for the determina-
tion of e-GFR, serum creatinine, urea, alkaline phos-
phatase, glucose, corrected calcium, inorganic
phosphate, urinary creatinine, glucose, phosphate,
KIM-1, and urinary albumin/protein (expressed as
their creatinine ratios) (see Figure 1 for recruitment
flow chart).

Ethics approval and consent to participate

The study protocol, patient information, consent
forms, available safety information, study participants’
recruitment procedures, information about payments,
and compensation available to the subjects as well as
documentation evidencing the investigator’s qualifica-
tions were submitted to the North Manchester
Research Ethics Committee (reference: 12/NW/0448),
Manchester, England for ethical review and approval
according to local regulations, prior to commencement
of the study. Following initial review of the study pro-
tocol, the study was approved for commencement.

Bio-analytical methods

Stored urine was thawed, mixed, and centrifuged at
3000 r/min for 1 min. Urinary KIM-1 levels in nano-
grams were then determined from the resulting super-
natants using electrochemiluminescent assays (Meso
Scale Discovery, MD, USA). These assays were run
on a 96-well plate in accordance with the manufac-
turers’ protocol. Essentially these are sandwich immu-
noassays with the 96-well plate pre-coated with KIM-1
capture antibody, and utilised a detection antibody
conjugated onto an electrochemiluminescent label.
The upper limits of quantitation and lower limits of
quantitation (LLOQ), respectively, on a seven-point
calibration curve were 5000 and 1.22 pg/ml, respective-
ly. Intra- and inter-assay precision were <6 and <7%,
respectively, on three plates on different occasions,
recovery of spiked samples was 104–107%, and dilu-
tional linearity was shown at 1 in 10, 1 in 100, and 1 in
1000 dilutions in the assay diluentmc. The LLOQ was
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about 2 standard deviations greater than the back-

ground value of the diluent alone and the LLOQ is

taken as the limit of detectionmc. Subsequently,

derived KIM-1 values were normalised to urinary cre-

atinine (as described elsewhere)15 and expressed as

KIM-1/Cr (ng/mg).

Definitions and kidney outcomes

1. In this study proteinuria is defined as urine PCR

�20 mg/mmol
2. Kidney injury was determined based on KDIGO

classification16

3. We additionally carried out additional comparative

analyses between different sub-categories of urine

PCR, eGFR, and thresholds of KIM-1/Cr (ng/mg)

Statistical analysis

Continuous variables were presented as median/

inter-quartile range or means/standard deviation as

appropriate (depending on distribution), and categori-

cal variables as number/percentages. In view of skewed

distribution of our dataset with non-sustained linearity

of KIM-1/Cr (ng/mg) and urine PCR (mg/mmol)

values, these variables were analysed before and after

log-transformation. The means/medians of demo-

graphic and other laboratory parameters were

described and compared with either Mann–Whitney

U test (for two variables) or Kruskal–Wallis (for mul-

tiple variables). Correlations between unadjusted/

adjusted urinary KIM-1/Cr and other demographic

variables and markers of kidney function were deter-

mined by Spearman’s rho. We carried out linear regres-

sion modelling to ascertain the predictors of increased

unadjusted urinary KIM-1/Cr excretion. Additionally,

we explored the diagnostic value of upper tertile uri-

nary KIM-1/Cr (�6.25 ng/mg) as a marker of kidney

injury by generating multivariate regression models

with parameters that have p¼�0.1 in univariate anal-

yses serving as covariates. All statistical analyses were

carried out with StatsDirect software version 2.7.9

(StatsDirect Ltd, Altrincham, Cheshire, UK).

Characteristics of the study population

Table 1 gives demographic and clinical characteristics

of the study population. Unadjusted urinary KIM-1/Cr

(ng/mg) values followed a non-parametric distribution.

Amongst 114 cross-sectional patients examined, mean

age was 43.1 years (SD �9.9), 70.2% were males with a

white Caucasian population of 73.7%. Significant pro-

teinuria was present in 20.9% of the study population,

with a higher proportion in older patients compared

with their gender-matched cohorts (49.3 versus 41.4,

respectively, P¼ 0.002). Median TDF exposure was

36months (inter-quartile range [IQR] 22.5, 72).

Median unadjusted KIM-1/Cr was 4.17 ng/mg (IQR

1.5, 8.2) with an upper quartile threshold of �8.6 ng/

mg. Patients with urine PCR �20 mg/mmol had a

higher median KIM-1/Cr (ng/mg) level than their com-

parable controls (5.9 versus 2.7, confidence interval [CI]

Figure 1. Study flow chart. ART: antiretroviral therapy.
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2.4–4.8; P¼ 0.0001). About 5.3% (N¼ 6) and 3.5%

(N¼ 3) of the study cohort were hypertensive or had

incident diabetes mellitus, respectively. The median

nadir/current CD4 cell counts were 200 cells/mm3

(IQR 95, 298) and 565 cells/mm3 (IQR 401, 665),

respectively. The median eGFR was 85 ml/min/

1.73 m2 (IQR 75.5, 90), with 5.3% of the cross-

sectional study cohort having incident chronic kidney

disease stage 3. Baseline eGFR levels were significantly

lower in males than their age-matched female partici-

pants (82 versus 90 ml/min/1.73 m2, respectively; CI

1.4–3.6; P � 0.0001).

KIM-1/Cr levels and ethnicity

Baseline KIM-1/Cr (ng/mg) values were higher in

patients of white Caucasian ethnicity (4.1 ng/mg) com-

pared with patients from other ethnic groups (1.1 ng/

mg, CI 2.2–3.9; P¼ 0.0001) (Supplementary material 1).

When stratified based on ART exposure, Caucasian

patients who were either ART naı̈ve or treatment expe-

rienced had a significantly higher baseline KIM-1/Cr

(ng/mg) values compared to other ethnicities (8.6

versus 2.1, and 2.2 versus 1.9, respectively).

ARTexposure and kidney biomarker

levels

Table 2 shows detailed comparison of kidney bio-

markers as a function of ART exposure. Unadjusted

KIM-1/Cr is uniformly distributed across ART drug

regimens. When stratified according to TDF exposure,

patients on TDF-containing regimens had a significant-

ly higher median unadjusted KIM-1/Cr than compara-

ble cohorts (Figure 2). Patients on PI-based regimens

had higher median urine PCR compared to those on

alternative regimens (P¼ 0.02) (Table 3).

Correlation between urinary KIM-1/Cr

and traditional markers of kidney injury

There were statistically significant correlations between

unadjusted urinary KIM-1/Cr with age, white

Caucasian ethnicity, and urine PCR. When stratified

into medians/quartiles/tertiles, age and white

Caucasian ethnicity maintained significant positive cor-

relations with median KIM-1/Cr (r¼ 0.3, p¼ 0.018 and

r¼ 0.29, 0.02, respectively). It is noteworthy that unad-

justed urinary KIM-1/Cr (ng/mg) showed a positive

correlation with both adjusted and unadjusted urine

PCR (a well-established marker of kidney injury in

these cohorts of patients) (Figure 3). About 52 and

26.5% of our study population with eGFR greater

than 60ml/min/1.73 m2 had KIM-1/Cr values higher

than the median and upper quartile thresholds, respec-

tively (Figure 4). This may suggest a degree of

sub-clinical kidney injury in patients with hitherto

normal eGFR. Table 4 gives a summary of the corre-

lation matrix of other variables.

Predictors of kidney injury

We tested the performance of both unadjusted and

upper tertile KIM-1/Cr (�6.25 ng/mg) as a predictor

of kidney injury in PLWH exposed to various ART

drugs. By backward logistics regression (likelihood

ratio), eGFR (ml/min/1.73 m2), White Caucasian eth-

nicity, and PI exposure were significantly associated

with risk of kidney injury in multivariate analyses

(odds ratio 0.91, CI 0.684–0.98, P¼ 0.02; odds ratio

Table 1. Baseline characteristics of the DETIKI (cross-sectional cohort) study population (N¼ 114).

Variable All patients TDF-regimen PI-regimen P

Age (years) (mean, SD) 43.1 (9.9) 42.6 (10) 42.9�9.56 0.38

Male gender (N, %) 80 (100) 50 (63) 30 (37) 0.26

White Caucasian (N, %) 84 (100) 33 (40) 51 (60) 0.55

Duration of HIV in years (Med, IQR) 8 (4, 12) 7 (4, 11.8) 10.2 (5, 13) 0.26

Serum creatinine (mmol/l) (Med, IQR) 83.5 (69, 93) 84 (68.5, 91) 82 (66.5, 91.5) 0.74

eGFR (ml/min/1.73 m2) (Med, IQR) 85 (74, 90) 86 (76, 90) 89 (76, 90) 0.22

Serum phosphate (mmol/l) (Med, IQR) 0.96 (0.86, 1.06) 0.96 (0.88, 1.06) 0.99 (0.91, 1.06) 0.76

CD4 cell count (cells/mm3) (Med, IQR) 565 (401, 665) 562 (435, 681) 556 (387, 620) 0.51

HIV viral load (copies/ml) (Med, IQR) 10 (10, 10) 10 (10, 32) 0.41

Hepatitis B positive (N, %) 15 (20.2) 11(73.3) 4 (26.7) 0.92

Hepatitis C positive (N, %) 5 (100) 4 (90) 1 (10) 0.69

Diabetes mellitus (N, %) 4 (3.5) 4 0 –

Hypertension (N, %) 6 (100) 4 (66.7) 2 (33.3) –

DETIKI: determinants of Tenofovir-induced Kidney Injury; eGFR: estimated glomerular filtration rate; IQR: inter-quartile range; Med: median; N:

number of patients; SD: standard deviation; TDF: tenofovir disoproxil fumarate.
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8.9, CI 1.6–48.6, p¼ 0.01; and odds ratio 0.05, CI 0.03–

0.9, p ¼0.04, respectively) (Table 5).

Diagnostic value of unadjusted KIM-1/Cr

Supplementary material 2 gives a summary of predic-

tive coefficients of unadjusted KIM-1/Cr. Notably,

duration of TDF exposure (in months) and eGFR

were significantly associated with unadjusted KIM-1/

cr. The AUC-ROC for predicting significant urinary

protein excretion based on plasma KIM-1/Cr

concentration was 0.86 (95% CI: 0.81–0.90), and sen-

sitivity and specificity of 94 and 60%, respectively

(Figure 5).

Discussion

Traditional markers of kidney injury such as eGFR

have increasingly been shown to report kidney impair-

ment later than tubular proteinuria in PLWH exposed

to ART drugs.17 The increasing prevalence of ART-

related drug-induced kidney morbidities meant that

there is an urgent need for novel surrogate markers

Table 2. Comparative distribution of kidney biomarkers by antiretroviral therapy regimen.

All patients

ART-

naı̈ve ART/TDF ART/PI TDF/PI Other cART P

Number of patients (N) 7 41 13 31 31

KIM-1/Cr (ng/mg)

Med, IQR

3.7 (1.5, 8.2) 3.35 (1.6, 8.2) 5.37 (3.4, 10.3) 2.28 (0.48, 6.75) 6.17 (1.73, 9.0) 0.07

Log KIM-1/Cr (ng/mg)

Mean, SD

– 0.52 (0.22, 0.91) 0.78 (0.59, 1.05) 0.45 (0.40, 0.85) 0.79 (0.23, 0.95) 0.13

Urine PCR (mg/mmol)

Med, IQR

11 (8, 17) 12 (9, 23.5) 15 (8.0, 67.2.) 8 (6, 11) 14 (8.2, 30) 0.02

Log urine PCR (mg/mmol)

Mean, SD

– 1.0 (0.9, 1.3) 1.16 (0.94, 1.64) 0.90 (0.77, 1.05) 1.14 (0.91, 1.46) 0.03

eGFR (ml/min/1.73 m2)

Med, IQR

85 (74, 90) 82 (71, 90) 90, (77.5, 90) 82 (72.7, 90) 89 (64.5, 90) 0.78

Log eGFR – 1.91 (1.85, 1.95) 1.95 (1.88, 1.95) 1.91 (1.86, 1.95) 1.94 (1.80, 1.95) 0.7

ART: antiretroviral therapy; eGFR: estimated glomerular filtration rate; IQR: inter-quartile range; KIM-1: kidney injury molecule 1; other cART: these

include integrase inhibitors, entry inhibitors, NNRTIs; PI: protease inhibitors; TDF: tenofovir disoproxil fumarate; urine PCR: urine protein/creatinine

ratio.

P value is for group comparison between ART classes.

Figure 2. Box plot showing distribution of KIM-1/Cr stratified by tenofovir disoproxil fumarate exposure. KIM-1: kidney injury
molecule 1.
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that report sub-clinical levels of kidney injury before

routine kidney function tests (such as eGFR and urine

ACR/PCR) become abnormal. Recently low molecular

weight proteinuria such as retinol binding protein,5

KIM-1,1,10,18 neutrophil gelatinase associated lipocalin

(NGAL),15,19 fatty acid binding protein,20 and other

LMWPs have been proposed as reliable early markers

of kidney injury in both PLWH on ART and the gen-

eral population.15 In this cross-sectional study, we have

evaluated the association between traditional markers

of kidney injury (such as eGFR and urine PCR) in

PLWH on ART drugs with a novel marker KIM-1/

Cr (adjusted for urinary creatinine excretion) that has

increasingly been shown to report kidney tubular injury

earlier in the general population. We observed higher

median urinary KIM-1/Cr levels in these PLWH

(3.7 ng/mg, IQR 1.5, 8.2) regardless of ART exposure

compared with either healthy volunteers (0.097–

0.39 ng/mg)1,10,21 or patients with acute kidney injury

in the general population (0.57925 ng/mg, IQR 0.3997–

0.82972).21 The median KIM-1/Cr, for example, for

ART-naı̈ve PLWH in our study cohort was 5.1 ng/

mg. Although the exact reason for this remains uncer-

tain, it may suggest a degree of sub-clinical kidney

injury in this cohort of patients with normal kidney

function (eGFR �60 ml/min/1.73 m2). Several reasons

may account for this. The natural history of HIV-relat-

ed kidney involvement may be associated with up-

regulation of KIM-1 synthesis in kidney tubular cells

with resultant increased excretion of KIM-1 indepen-

dent of exogenous injury (including ART drugs). This

is supported by data from mechanistic studies that sug-

gest tubular injury of diverse aetiologies resulting in

up-regulation of this putative cell adhesion molecule

(KIM-1).10 Additionally, previous reports have shown

that both glomeruli and distal convoluted tubules were

early target sites for the HIV virus9 further supporting

the role of direct effect of the virus in up-regulating

KIM-1 expression. Whilst the exact role of the natural

history of HIV in KIM-1 kinetics remains a matter of

pathogenetic debate, we hypothesise that it may (in

common with other yet to be identified factors)

account for its high baseline urinary excretion in

Figure 3. Relationship between unadjusted KIM-1/Cr and
stratified urine PCR. Log KIM-/Cr (ng/mg) examined as a function
of stratified urinary protein excretion in HIV-positive patients.
Patients with urinary protein excretion below diagnostic
thresholds have significantly high levels of urinary KIM-1 (cor-
rected for urinary creatinine excretion). KIM-1: kidney injury
molecule 1; urine PCR: urine protein/creatinine ratio.

Figure 4. Relationship between log KIM-1/Cr and categories of
eGFR. HIV-positive patients with >60 ml/min/1.73 m2 had sig-
nificant urinary KIM-1 (corrected for urinary creatinine excre-
tion). eGFR: estimated glomerular filtration rate; KIM-1: kidney
injury molecule 1.

Table 3. Distribution of kidney biomarkers in the two cross-sectional study arms.

Variable All patients Cross-sectional on ART Cross-sectional off ART P

KIM-1/Cr (ng/mg) Med, IQR 4.1 (1.7, 8.3) 4.15 (1.7, 8.6) 4.7 (1.9, 5.4) 0.1

Log KIM-1/Cr (ng/mg) Mean, SD 0.61 (0.23, 0.92) 0.56 (0.56) 0.54 (0.39) 0.5

Urine PCR (mg/mmol) Med, IQR 11 (8, 17) 11 (8, 17) 122 (6, 122) 0.5

Log urine PCR (mg/mmol) Mean, SD 1.0 (0.9, 1.2) 1.0 (0.45) 1.6 (1.1) 0.5

eGFR (ml/min/1.73 m2) Med, IQR 85 (75, 90) 85 (75, 90) 90 (63, 90) 0.2

ART: antiretroviral therapy; eGFR: estimated glomerular filtration rate; IQR: inter-quartile range; KIM-1: kidney injury molecule 1; urine PCR: urine

protein/creatinine ratio.
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PLWH either ART naı̈ve or treatment experienced.

Median KIM-1/Cr (ng/mg) levels were uniformly dis-

tributed across all classes of ART exposure. There was

however a trend towards higher median levels in

PLWH on TDF- and PI-based regimens. TDF22,23

and HIV PI5,24,25 exposures have both been indepen-

dently associated with increased risk of KTD from var-

ious mechanistic and systematic studies. Higher median

KIM-Cr values in these cohorts of patients may reflect

its potential role both as a marker and predictor of

adverse outcomes in patients on these treatment regi-

mens, but this will need validation by more robust pro-

spectively recruited patient cohorts.
We similarly found a high baseline KIM-1/Cr levels

in patients of white Caucasian ethnicity compared to

other cohorts. When stratified based on ART exposure,

Caucasian patients maintained higher KIM-1/Cr

values compared to other ethnic cohorts regardless of

ART exposure. This will suggest an influence of

Table 4. Key correlation matrix between unadjusted/adjusted urinary KIM-1/Cr and other markers of kidney function.

Unadjusted urinary

KIM-1/Cr (ng/mg)

Upper tertile urinary

KIM-1/Cr (ng/mg)

Median urinary

KIM-1/Cr (ng/mg)

Upper quartile urinary

KIM-1/Cr (ng/mg)

r P r P r P r P

Serum creatinine (mmol/l) 0.067 0.48 0.01 0.9 0.14 0.4 0.07 0.71

eGFR (ml/min/1.73 m2) �0.14 0.13 �0.15 0.35 �0.22 0.13 �0.19 0.3

Urine PCR (mg/mmol) 0.35 0.003 0.29 0.22 0.34 0.06 0.28 0.2

eGFR: estimated glomerular filtration rate; KIM-1: kidney injury molecule 1; urine PCR: urine protein/creatinine ratio.

r¼ Spearman’s correlation coefficient; significance level at <0.05.

Table 5. Univariate and multivariate adjusted odds ratios of upper quartile urinary KIM-1/Cr (ng/mg).

Univariate Multivariate

OR (CI) P Adjusted OR (CI) P

Age (years) 1.1 (1.0–1.1) 0.001

Gender (male) 2.3 (0.8–6.0) 0.08

White Caucasian ethnicity 0.24 (0.07–0.76) 0.015 0.05 (0.003–0.9) 0.04

HIV duration (per year increase) 1.1 (1.0–1.2) 0.03

Tenofovir exposure (months) 1.0 (1.0–1.03) 0.09

HIV protease inhibitor exposure (months) 2.3 (0.9–5.2) 0.05 6.3 (1.1–36.6) 0.03

Abacavir naı̈ve 0.2 (0.03–0.8) 0.02

Diabetes 3.1 (0.4–23.8) 0.26

Hypertension (mmHg) 1.6 (0.3–9.4) 0.59

Smoking (yes) 2.8 (1.1–7.3) 0.028

HIV viral load 1.0 (0.9–1.0) 0.7

eGFR (ml/min/1.73 m2) 0.97 (0.93–1.0) 0.06 0.9 (0.83–0.98) 0.01

eGFR (>70) 0.9 (0.8–0.9) 0.01

Current CD4 cell count (per 50 cells/mm3 increase) 0.9 (0.9–1.0) 0.04 – –

Nadir CD4 cell count (per 50 cells/mm3 increase) 1.0 (0.9–1.0) 0.03 – –

Hepatitis C positive 0.6 (0.07–4.1) 0.5 – –

Hepatitis B positive 2.1 (0.54–8.1) 0.3 – –

CI: confidence interval; eGFR: estimated glomerular filtration rate; KIM-1: kidney injury molecule 1.

Figure 5. Diagnostic potential of KIM-1/Cr in HIV-positive
patients on ART. Urinary KIM-1/Cr predicts the risk of kidney
injury as defined by increased urinary protein expression (urine
PCR). AUC 94% sensitivity at 60% specificity is given with statistical
significance. AUC: area under the curve; CI: confidence interval.

1234 International Journal of STD & AIDS 31(13)



ethnicity both in the expression and possibly increased
excretion of KIM-1 from the kidneys. In the women’s
multi-agency study for example, black ethnicity was
associated with significant albuminuria as well as an
independent risk factor for increased excretion of tubu-
lar biomarker proteins including interleukin-8, NGAL,
and a-1 microglobulin in patients on ART.26

Additionally, McWilliam et al.17 reporting in a paedi-
atric population showed a higher urinary KIM-1
threshold in Caucasian patients compared with their
black counterparts. A probable explanation for this
observation might be the role of genetics in influencing
the adverse effects of ART on the kidneys. TDF-
induced KTD, for example, has a higher prevalence
in white Caucasian males compared with other
gender-matched ethnic cohorts.11,27,28 Although associ-
ation between TDF exposure and risk of KTD remains
speculative, recently both mechanistic and pharmaco-
genetic studies have increasingly implicated the role of
single nucleotide polymorphisms (SNPs) of genes
encoding proteins involved in the bio-disposition of
TDF.29–33 It is probable that there might be an ethnic
bias in the genes associated with synthesis and expres-
sion of KIM-1 on tubular cells. SNPs of these genes
therefore account for either increased or decreased
expression of this putative glycoprotein on kidney
tubular cells.

We also observed a significant positive correlation
between advancing age, white Caucasian ethnicity, and
higher urine PCR levels with unadjusted KIM-1/Cr. In
PLWH, higher urine PCR levels are associated with
and utilised as a point-of-care marker of tubular dys-
function in those on ART.30–33 The positive correlation
reported by our study supports a potential role of
KIM-1/Cr as a reliable alternative marker of kidney
dysfunction in this cohort of patients.

It is noteworthy that in our study urine KIM-1/Cr
kinetics maintained an inverse relationship with eGFR.
The latter is a well-established surrogate marker of
kidney injury in both PLWH cohorts and the general
population, with lower levels associated with worsening
kidney impairment. This may additionally support a
possible role for urinary KIM-1/Cr as a marker of
kidney injury in PLWH exposed to ART drugs.
Furthermore, we have shown that a significant
number of patients in our study cohort with hitherto
normal kidney function (eGFR >60 ml/min/1.73 m2)
have both median and upper quartile KIM-1/Cr (ng/
mg) values significantly above diagnostic thresholds for
kidney injury in the general population. This may sug-
gest some degree of sub-clinical kidney injury that has
been masked or not reported by normal eGFR
(�60 ml/min/1.73 m2). The novelty of our approach
is the identification of these patients with significant
values of KIM-1/Cr (suggesting some degree of

kidney impairment) even when eGFR in these patients
was reported as normal.

Serum creatinine, eGFR, and thresholds of urine
PCR have remained the main diagnostic markers for
acute kidney injury both in the general population and
PLWH. Despite this, unadjusted KIM-1/Cr (ng/mg)
had a larger significant AUC (0.86 [Figure 5]) in our
study. This may suggest a diagnostic role for KIM-/Cr
in these patients, and perhaps its ability to identify
kidney injury earlier in these cohorts of patients than
traditional markers of kidney injury. Our finding of a
protective effect following HIV PI exposure appears at
variance with recent published reports in this area.
Whilst no conclusive explanation could be advanced
for this, it may have to do with the relatively small
sample size of the study population. We know from
recent studies that PIs such as darunavir have a more
favourable kidney safety profile compared to lopinavir
or atazanavir.33

Admittedly, our study has several limitations includ-
ing its relatively small sample size and cross-sectional
design meant that direct causality could not be estab-
lished based on our report. We therefore advise caution
in interpretation and application of our findings with-
out further validation.

Conclusion and future perspectives

In conclusion, we have demonstrated that unadjusted
and upper tertile KIM-1/Cr (�6.25 ng/mg) positively
correlates with and predicts risk of kidney injury in
HIV-positive patients on ART. PLWH regardless of
ART drug exposure have urinary KIM-1/Cr values
well above diagnostic thresholds for either normal vol-
unteers or patients with AKI in the general
population. This may suggest a probable role for
KIM-1/Cr as an early diagnostic biomarker in PLWH.

Hypothesis

There has been increasing morbidity associated with
ART drugs. Traditional markers of kidney injury
such as eGFR have been shown to predominantly
report glomerular injury and may not report early
ART drug related kidney dysfunction. Novel markers
such as KIM-1 have been proposed as reliable early
markers of kidney injury in the general population.
We hypothesise that thresholds of urinary KIM-1 nor-
malised for urinary creatinine excretion are a reliable
and effective early marker of kidney injury in PLWH
exposed to ART drugs especially Tenofovir.
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