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Abstract

Background Renal dysfunction is recognized with

increasing frequency among the noninfectious comorbidi-

ties associated with human immunodeficiency virus (HIV)

infection. Urinary liver-type fatty acid-binding protein (L-

FABP) has been shown to be a new biomarker to screen for

not only tubulointerstitial damage but also kidney

dysfunction.

Methods We performed a cross-sectional study to deter-

mine the association between the urinary L-FABP and

chronic kidney disease (CKD) among 77 HIV-infected

Japanese patients by backward-stepwise multivariable

logistic regression.

Results The prevalence of individuals in the low risk was

80 %. Urinary L-FABP level was not associated with

antiretroviral therapy and tenofovir disoproxil fumarate.

On the other hand, urinary L-FABP level was indepen-

dently associated with the CKD classification.

Conclusion Urinary L-FABP may be used as an adjunct to

diagnose the CKD stage.
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Introduction

Renal dysfunction is recognized with increasing frequency

among the noninfectious comorbidities associated with

human immunodeficiency virus (HIV) infection, and is

becoming a major cause of morbidity and mortality along

with the declining incidence of acquired immune defi-

ciency syndrome observed after the introduction of com-

bination antiretroviral therapy (cART) [1–3]. The risks of

end-stage renal disease, cardiovascular events and death

increase in direct proportion to chronic kidney disease

(CKD) stage [4], emphasizing the importance of identify-

ing CKD in its early stages.

Liver-type fatty acid-binding protein (L-FABP) is

expressed in the proximal tubules of the human kidney and

participates in fatty acid metabolism [5–7]. Urinary

L-FABP accurately reflected the severity of diabetic

nephropathy in type 2 diabetes [8]. In type 1 diabetes

mellitus (DM) patients, it was also reported that the level of

urinary L-FABP was associated with albuminuria [9].

Additionally, it was described that urinary L-FABP might

be a predictive marker for progression to end-stage renal

disease and cardiovascular disease in type 2 diabetic

patients and CKD patients without advanced nephropathy

[10, 11]. Thus, urinary excretion of L-FABP was reported

to offer potential as a clinical marker to screen for not only

tubulointerstitial damage but also kidney dysfunction [12].

In HIV-infected patients, the studies of the prevalence of

CKD in Japanese [13, 14] and urinary L-FABP secretion in

patients receiving tenofovir disoproxil fumarate (TDF) [15]

have been conducted. However, little is known regarding

the association between the urinary L-FABP and CKD

stage in HIV-infected patients. The aim of this study was to

gain a more understanding of the clinical significance of

urinary L-FABP.
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Materials and methods

Study design and Patient population

The pilot study was a cross-sectional design. A total of 229

HIV-infected patients were treated at The Hospital of

Hyogo College of Medicine in Hyogo, Japan in 2013. We

retrospectively reviewed their records and selected 77

Japanese patients with simultaneously obtained estimated

glomerular filtration rate (eGFR), urinary protein or albu-

min, and L-FABP levels from among them. 149 patients

were excluded because of lack of urinary L-FABP. Also, 3

patients who were not Japanese were excluded. The Ethics

Review Board of Hyogo College of Medicine approved the

study protocol (No. 2194).

Anthropometric and laboratory evaluation

We reviewed the electronic medical charts of all the sub-

jects. Non-fasting blood and random urine samples were

collected for analysis as part of routine clinical visits.

Biochemical data [creatinine, blood glucose, hemoglo-

bin A1c (HbA1c)] and urinary beta2-microglobulin

(b2MG) were measured by standard laboratory methods

using an autoanalyzer for each patient. Urinary protein was

measured as patients without DM. Urinary albumin was

measured as patients with DM. Protein-to-creatinine ratio

(PCR) was calculated by dividing urinary protein by uri-

nary creatinine to predict 24-h proteinuria. Albumin to

creatinine ratio (ACR) was calculated by dividing urinary

albumin by urinary creatinine to predict 24-h albuminuria.

eGFR was calculated as eGFR mL/min/1:73m2ð Þ ¼ 194�
creatinine�1:094 � age�0:287 in men, and eGFR mL/min/ð
1:73m2Þ ¼ 194� creatinine�1:094 � age�0:287 � 0:739 in

women according to the criteria of the Japanese Society of

Nephrology [16]. The HIV-RNA level was measured using

the Cobas TaqMan HIV-1 real-time polymerase chain

reaction version 2.0 assay (Roche Diagnostics, Branch-

burg, NJ, USA; lower detection limit, 20 copies/mL).

Hypertension was defined as a systolic blood pressure of

C140 mmHg and/or diastolic blood pressure of

C90 mmHg, or the use of antihypertensive agents. DM was

defined as a blood glucose of C200 mg/dL and HbA1c

(NGSP) of C6.5 %, or the use of oral antidiabetic agents or

insulin. Hepatitis C virus (HCV) infection was defined as a

positive reactive HCV antibody test, while hepatitis B virus

(HBV) infection was defined as a positive HBV surface

antigen test. The urinary levels of L-FABP were measured

using the enzyme-linked immunosorbent assay (Human

L-FABP Assay Kit; CIMIC Co., Ltd., Tokyo, Japan), and

were expressed as a ratio to urinary creatinine. The

detection limits of the assays were 6 mg/dL for protein and

3 ng/mL for L-FABP. Concentrations below the lower

detection limit were approximated using the mean value

between zero and the lower detection limit, 3 mg/dL and

1.5 ng/mL, respectively.

Classification of CKD based on the GFR categories

and proteinuria or albuminuria categories [17]

eGFR was classified into 6 grades—(G1) C90, (G2) 60–89,

(G3a) 45–59, (G3b) 30–44, (G4) 15–29, and (G5)\15 mL/

min/1.73 m2. PCR was classified into 3 grades—(A1)

\0.15, (A2) 0.15–0.49, and (A3) C0.50 g/gCr, or ACR

was classified into 3 grades—(A1)\30, (A2) 30–299, and

(A3) C300 mg/gCr. The 6 eGFR and 3 PCR or ACR

grades were classified into 4 risk zones for prognosis—low

risk (G1A1, G2A1); moderately increased risk (G3aA1,

G1A2, and G2A2); high risk (G3bA1, G3aA2, G1A3, and

G2A3); and very high risk (G4A1, G5A1, G3bA2, G4A2,

G5A2,G3aA3, G3bA3, G4A3, and G5A3).

Statistical methods

Categorical variables were compared between two groups

using Fisher exact test or the v2 test. Differences between
two groups were measured using the Mann–Whitney

U test. Differences among three groups were measured

using the Kruskal–Wallis test. The correlation between two

variables was evaluated using Pearson’s correlation coef-

ficient. Univariate analyses were conducted to screen

independent variables using a liberal probability value of

0.10. Independent factors associated with CKD classifica-

tion were determined using backward-stepwise multivari-

able logistic regression. A probability value \0.05 was

considered significant. All analyses were conducted using

SPSS software Windows version 14.0.

Results

Patient characteristics

Table 1 summarizes the demographic and clinical charac-

teristics of individuals enrolled in this study. A total of 65

subjects (84 %) were receiving combination antiretroviral

therapy, with 45 (69 %) administered TDF and 20 (31 %)

administered abacavir. efavirenz, rilpivirine, a ritonavir-

boosted protease inhibitor and raltegravir were used in 17

(26 %), 4 (6 %), 26 (40 %) and 20 (31 %) of the subjects,

respectively. No patients used dolutegravir or cobicistat,

the reducer of tubular secretion of creatinine. In 44 sub-

jects, urinary L-FABP level was below the sensitivity of

the assay. Urinary L-FABP level was determined, ranged

from 0.6 to 70.9 lg/gCr.
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Distribution by CKD classification based

on the GFR and proteinuria

The results of the CKD classification are shown in Fig. 1.

The prevalence of individuals in the low risk, the moder-

ately increased risk, the high risk, and the very high risk

zones was 80, 17, 3, and 0 %, respectively.

The association of urinary L-FABP level

with b2MG, eGFR, proteinuria, cART, TDF,

and CKD classification

Urinary levels of L-FABP were positively correlated

with urinary levels of b2MG (r = 0.554, p\ 0.001)

(Fig. 2a). On the other hand, urinary levels of L-FABP

were not correlated with proteinuria (r = 0.068,

p = 0.571) (Fig. 2b) nor eGFR (r = -0.091,

p = 0.429) (Fig. 2c). Urinary levels of L-FABP were

not significantly associated with cART and TDF use

(Tables 2, 3). The prevalence of the subjects with a

higher level of urinary L-FABP (than upper limit of

reference value of urinary L-FABP, 8.4 lg/gCr) in the

low risk, the moderately increased risk, the high risk,

and the very high risk zones were 4.8 % (3/62), 38.5 %

(5/13), 0 % (0/2), and 0 % (0/0), respectively

(Table 4).

The association of CKD classification with clinical

characteristics

In univariate analysis, age (C50 years old), receiving lipid

lower therapy, hypertension, and urinary L-FABP level

(C8.4 lg/gCr) was significantly associated with CKD

classification (p = 0.005, 0.012, 0.011, and 0.006, respec-

tively) (Table 5). Multivariate logistic regression model

was built and included the following variables: age,

receiving lipid lower therapy, hypertension, eGFR, and

urinary L-FABP. Age (C50 years old) (p = 0.005) and

urinary L-FABP level (C8.4 lg/gCr) remained indepen-

dently associated with urinary levels of L-FABP (C8.4 lg/
gCr) (Table 5).

Table 1 Patient characteristics

Patients, n 77

Men, n (%) 76 (99)

Age, years 43 ± 11

Patients receiving cART, n (%) 65 (84)

CD4 cell counts, cells/lL 537 ± 253

HIV-RNA level

\20 copies/mL, n (%) 58 (75)

[10,000 copies/mL, n (%) 10 (13)

Patients receiving lipid lower therapy, n (%) 12 (16)

Diabetes mellitus (?), (%) 4 (5)

Current smoking (?), n (%) 23 (30)

Hypertension (?), n (%) 8 (10)

History of acute kidney injury (?), n (%) 1 (1)

HBV (?), n (%) 3 (4)

HCV (?), n (%) 2 (3)

eGFR, mL/min/1.73m2 98.3 ± 21.9

Urinary L-FABP level

\3.0 ng/mL, undetectable, n (%) 44 (57)

[8.4 ng/gCr, n (%) 8 (11)

Date are expressed as number (percentage) or mean ± standard

deviation

cART combination antiretroviral therapy, HBV hepatitis B virus, HCV

hepatitis C virus, eGFR estimated glomerular filtration rate, L-FABP

liver-type fatty acid-binding protein

PCR (g/gCr) < 0.15 0.15-0.49  0.50

ACR (mg/gCr) < 30 30-299  300

A1 A2 A3

G1 38 (49%) 8 (10%) 2 (3%) 

G2 20 (26%) 6 (8%) 0 (0%)

G3a 3 (4%) 0 (0%) 0 (0%)

G3b 0 (0%) 0 (0%) 0 (0%)

G4 0 (0%) 0 (0%) 0 (0%)

G5 0 (0%) 0 (0%) 0 (0%)

the low risk zone the moderately increased risk zone

the high risk zone the very high risk zone

< 15

eGFR(mL/min/1.73m2)

 90

60-89

45-59

30-44

15-29

Fig. 1 Distribution by CKD

classification based on the

eGFR and proteinuria. Date are

expressed as number

(percentage). PCR was

measured as subjects without

DM. ACR was measured as

subjects with DM. PCR protein-

to-creatinine ratio, ACR

albumin to creatinine ratio,

eGFR estimated glomerular

filtration rate
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Discussion

This is the first report regarding the association between the

urinary levels of L-FABP and CKD classification in HIV-

infected Japanese patients. Urinary levels of L-FABP

independently associated with the CKD stage in the HIV-

infected patients.

Of note, the prevalence of proteinuria (16 %) in this

study was high, although the prevalence of proteinuria was

3.8–12.0 % by dipstick in the earlier study in Japan
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Fig. 2 Relationship between urinary L-FABP levels and a urinary b2MG, b PCR, and c eGFR. L-FABP liver-type fatty acid-binding protein,

b2MG beta-2 Microglobulin, PCR protein-to-creatinine ratio, eGFR estimated glomerular filtration rate

Table 2 Relationship between urinary L-FABP levels and cART

No cART

(n = 12)

cART with TDF

(n = 45)

cART without TDF

(n = 20)

p value

Urinary L-FABP level (lg/gCr) 2.28 (1.39–4.82) 2.04 (1.04–3.38) 1.85 (1.14–5.13) 0.591

Urinary L-FABP level[8.4 lg/gCr, n (%) 1 (8.3) 4 (8.9) 3 (15.0) 0.733

Urinary L-FABP level\3.0 ng/mL, undetectable,

n (%)

2 (16.7) 8 (17.8) 2 (10.0) 0.751

Date are expressed as number (percentage) or median (lnterquatile range)

cART combination antiretroviral therapy, TDF tenofovir disoproxil fumarate, L-FABP liver-type fatty acid-binding protein

Table 3 Relationship between urinary L-FABP levels and TDF

Never TDF (n = 24) Current or former TDF (n = 53) p value

Urinary L-FABP level (l/gCr) 3.08 (1.29–4.99) 2.02 (1.04–3.38) 0.158

Urinary L-FABP level[8.4 lg/gCr, n (%) 3 (12.5) 5 (9.4) 0.699

Urinary L-FABP level\3.0 ng/mL, undetectable, n (%) 3 (12.5) 9 (17.0) 0.218

Date are expressed as number (percentage) or median (interquatile range)

TDF tenofovir disoproxil fumarate, L-FABP liver-type fatty acid-binding protein
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[13, 14]. Meanwhile, the prevalence of eGFR less than

60 mL/min/1.73 m2 (4 %) was similar to the earlier study

[13, 14]. The difference between our and the earlier study

[13, 14] may be due to the method for measurement of

proteinuria. Siedner et al. [18] showed that dipstick had

poor sensitivity in detecting low-grade proteinuria in HIV-

infected patients. Masimango et al. [19] also showed the

limited sensitivity and specificity of the dipstick to detect

significant microalbuminuria. They demonstrated that the

positive predictive value of positive urine dipstick was

15.4 % and the negative predictive value was 92.8 %

[19]. Because dipstick mainly measures albumin concen-

tration, it is likely that false-negative reaction by dipstick is

occurred due to nonalbumin (tubular) proteinuria and HIV

itself.

Urinary levels of L-FABP were positively correlated

with not eGFR and proteinuria but urinary levels of b2MG.

This result is supported by the study that L-FABP is

located in proximal renal tubules [20]. However, Kamijo

et al. indicated that urinary L-FABP had correlated not

only the tubulointerstitial damage but also creatinine

clearance and urinary protein [21, 22]. The difference

Table 4 Relationship between urinary L-FABP levels and CKD

The low risk zone (n = 62) The moderately increased, the high, and

the very high risk zone (n = 15)

p value

Urinary L-FABP level (lg/gCr) 1.64 (1.40–2.80) 4.26 (1.55–10.46) 0.006

Urinary L-FABP level[8.4 lg/gCr, n (%) 3 (4.8) 5 (33.3) 0.006

Urinary L-FABP level\3.0 ng/mL, undetectable, n (%) 39 (62.9) 5 (33.3) 0.038

Date are expressed as number (percentage) or median (interquatile range)

L-FABP liver-type fatty acid-binding protein, low risk (G1A1, G2A1); moderately increased risk (G3aAl, G1A2, and G2A2); high risk (G3bAl,

G3aA2, G1A3, and G2A3); and very high risk (G4A1, G5A1, G3bA2, G4A2, G5A2,G3aA3, G3bA3, G4A3, and G5A3) by CKD classification

based on the GFR and proteinuria

Table 5 The association of CKD classification with clinical characteristics

Classification of CKD p value

(univariate)

p value

(multivariate)
The low risk

zone

The moderately increased, the high,

and the very high risk zone

Patients, n 62 15

Men, n (%) 61 (98.4) 15 (100) 1.000 Not included

Age[ 50 years old, n (%) 10 (16.1) 8 (53.3) 0.002 0.005

Patients receiving cART, n (%) 52 (83.9) 13 (86.7) 1.000 Not included

Patients receiving cART with TDF, n (%) 39 (62.9) 6 (40.0) 0.106 Not included

HIV-RNA level[10,000 copies/mL, n (%) 8 (12.9) 2 (13.3) 1.000 Not included

CD4 counts Not included

CD4\ 200/lL 3 (4.8) 1 (6.7) 1.000

CD4\ 350/lL 13 (21.0) 4 (26.7) 0.730

CD4\ 500/lL 36 (58.1) 7 (46.7) 0.425

Patients receiving lipid lower therapy, n (%) 6 (13.6) 6 (46.2) 0.012 Not selected

Diabetes mellitus (?), n (%) 1 (2.3) 2 (15.4) 0.127 Not included

Current smoking (?), n (%) 16 (36.4) 7 (53.8) 0.259 Not included

Hypertension (?), n (%) 3 (6.8) 5 (38.5) 0.011 Not selected

History of acute kidney injury (?), n (%) 1 (1.6) 0 (0) 1.000 Not included

HBV(?), (%) 2 (3.2) 1 (6.7) 0.483 Not included

HCV (?), n (%) 2 (3.2) 0 (0) 1.000 Not included

eGFR\60 mL/min/1.73m2, n (%) 0 (0) 3 (20.0) 0.006 0.999

Urinary L-FABP level[8.4 lg/gCr, n (%) 3 (4.8) 5 (33.3) 0.006 0.018

Urinary b2MG level[1000 lg/gCr, n (%) 6 (10.3) 3 (20.0) 0.366 Not included

Date are expressed as number (percentage)

cART combination antiretroviral therapy, TDF tenofovir disoproxil fumarate, HBV hepatitis B virus, HCV hepatitis C virus, eGFR estimated

glomerular filtration rate, L-FABP liver-type fatty acid-binding protein, b2MG beta-2 Microglobulin
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between those and our results may be caused by the sub-

jects: those inclusion criteria were patients with overt

kidney disease.

The present study showed no significant association

between urinary L-FABP and use of TDF. Jablonowska

et al. [15] reported that risk factor of higher urinary levels

of L-FABP was HIV/HCV coinfection with lower body

weight in patients receiving TDF. Furthermore, Nishijima

et al. [23, 24] showed that small body weight was identified

as an independent risk factor for TDF-associated renal

dysfunction. Because this study only included 2 HIV/HCV-

coinfected subjects and we had no data of body weight, we

did not analyze these factors.

Similar to the earlier report in type 2 diabetic patients

[8], the present study demonstrated that urinary levels of

L-FABP had independently reflected the CKD stage in

HIV-infected patients. Peralta et al. [25] showed a J-shaped

association between urinary levels of L-FABP and mor-

tality in 908 HIV-infected women. Choi et al. [26] reported

that CKD was associated with higher mortality risk. These

studies support our results. Lucas GM et al. [27] showed

that the risk factors of kidney disease in HIV-infected

patients were suggested as older age, female sex, DM,

hypertension, injection drug use, lower CD4 cell count,

specific antiretroviral drugs, history of acute kidney injury,

and higher HIV-RNA levels. The different result might be

caused by sample size, especially about female sex, DM,

past history of acute kidney injury and lower CD4 cell

count. The amount of b2MG excreted in urine is affected

mainly by condition of the tubules [28, 29]. Therefore,

urinary levels of b2MG were not associated with CKD

classification.

Urinary levels of L-FABP may be used as an adjunct to

diagnose the CKD stage. Although correctly estimating

glomerular filtration rate is essential for staging of CKD,

some antiretroviral drugs and pharmacokinetics enhancers

apparently reduce eGFR based on serum creatinine.

Dolutegravir, which inhibits mainly the organic cation

transporter 2, and cobicistat, which predominantly inhibits

the multidrug and toxin extrusion protein 1, decrease

tubular secretion of creatinine and therefore increase con-

centrations of serum creatinine without affecting actual

glomerular filtration [30, 31]. Although cystatin C is also

one of the urinary biomarkers, we have clarified that eGFR

based on cystatin C was underestimated in HIV-infected

patients with HIV-RNA C500 copies/mL [32].

Our study has several limitations. First, our study was

cross-sectional; therefore, it is difficult to determine the

association of the development of chronic kidney disease.

Second, over half of subjects in this study could not

determine accurate urinary levels of L-FABP since lower

detection limit of urinary levels of L-FABP was 3.0 ng/

mL. We are investigating the data measured by higher

sensitivity of urinary levels of L-FABP: lower detection

limit, 1.5 ng/mL. Third, this study population comprised

mainly HIV-infected Japanese men without overt renal

dysfunction. Accordingly, the results may not be general-

izable to women or patients with moderate-to-severe kid-

ney disease. Nonetheless, our results are worthwhile

because most of HIV-infected patients have mild CKD and

it is important to identify CKD in its early stages.

Conclusion

The present study demonstrates that urinary levels of

L-FABP are independently associated with the CKD stage

in HIV-infected patients. Urinary L-FABP may be used as

an adjunct to diagnose the CKD stage.
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