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	 Background:	 Liver-type fatty acid-binding protein (L-FABP) is a predictive marker for the early detection of acute kidney in-
jury; however, less is known about how useful it is for predicting residual renal function (RRF) decline in pa-
tients on peritoneal dialysis (PD).

	 Material/Methods:	 The study subjects were 35 patients on PD who underwent multiple peritoneal equilibration tests (PETs) be-
tween October 2011 and October 2019. Urinary L-FABP levels were analyzed with enzyme-linked immunosor-
bent assay. The relationship between baseline clinical data, including urinary L-FABP levels and the subsequent 
annual rate of renal Kt/V decline, was investigated.

	 Results:	 The median follow-up duration was 11 months and the rate of renal Kt/V decline was 0.29/y. Compared with 
outcomes in the group with renal Kt/V preservation, renal Kt/V decline was associated with both high dai-
ly levels of urinary protein excretion (0.60 g/d [range, 0.50–0.87] vs. 0.36 g/d [range, 0.19–0.48]; P=0.01) and 
high daily levels of urinary L-FABP excretion (111.2 mg/d [range, 76.1–188.6] vs. 61.5 mg/d [range, 35.7–96.0]; 
P=0.002). Multiple logistic regression analysis showed that only high daily levels of urinary L-FABP excretion 
were independently associated with renal Kt/V decline (odds ratio 1.03, 95% confidence interval 1.00–1.05; 
P=0.001). Furthermore, higher daily levels of urinary L-FABP excretion were significantly correlated with the 
higher annual rate of renal Kt/V decline (r=0.71, P<0.001).

	 Conclusions:	 We demonstrated that daily levels of urinary L-FABP are associated with RRF decline in patients on PD. The re-
sults of the present study indicate that assessment of urinary L-FABP levels may help predict RRF decline in 
patients on PD.
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Background

Peritoneal dialysis (PD) is one of the dialytic therapies for pa-
tients with end-stage renal disease (ESRD). There are some 
differences between PD and hemodialysis (HD) in terms of 
technical demand, frequency of hospital visits, and effects on 
hemodynamics. In particular, PD is reported to be associated 
with greater preservation of residual renal function (RRF) [1,2].

In patients with ESRD, including those on HD and PD, preserva-
tion of RRF is an important factor because RRF decline is asso-
ciated with various unfavorable outcomes, including all-cause 
mortality [3–5]. Furthermore, in patients on PD, loss of RRF is 
associated with withdrawal from PD [1,6]. Therefore, identi-
fication of risk factors for RRF decline is important. Previous 
studies have reported that male sex, high body mass index, 
advanced stages of congestive heart failure, low blood pres-
sure, and high 24-h proteinuria values are the factors associ-
ated with faster RRF decline in patients on PD [7,8]. However, 
there is no established marker for predicting RRF decline in 
patients on PD.

Liver-type fatty acid-binding protein (L-FABP) is a carrier pro-
tein that plays a role in intracellular transport of free fatty 
acids [9]. It is expressed in proximal tubular cells in the kid-
ney and secreted into the urine when tubular damage occurs. 
Therefore, levels of urinary L-FABP are used as a marker for 
acute kidney injury (AKI) in clinical settings in Japan [10–12]. 
Some studies have reported the utility of urinary L-FABP levels 
in AKI and other renal diseases. In patients with chronic kid-
ney disease (CKD), urinary L-FABP levels are associated with 
progression of renal failure and reflect renal interstitial fibro-
sis, an important factor in renal prognosis [13–15]. However, 
few studies have reported on the utility of urinary L-FABP lev-
els in patients on PD. Furthermore, no study has investigated 
the association between urinary L-FABP levels and RRF decline 
in patients on PD. Therefore, in the present study, we aimed to 
investigate whether urinary L-FABP levels are associated with 
RRF decline in patients on PD.

Material and Methods

Study subjects

In the present retrospective study, we enrolled 35 patients who 
underwent PD in a university hospital between October 2011 
and October 2019 and were given a peritoneal equilibration test 
(PET) more than once. We excluded patients who had anuria 
(daily urine volume <200 mL) and those who underwent both 
PD and HD at the time of the first PET done during the study 
period. This study was approved by the Ethics Committee of 
Nagasaki University Hospital (approval number: 09022759-3) 

and performed in accordance with the ethical standards set 
forth in the Declaration of Helsinki and its later amendments.

Data collection

Patient baseline clinical data were collected at the time of 
first PET during the study period. We also collected 24-h urine 
samples. Renal Kt/V value of urea, which reflects residual re-
nal urea clearance, was used as a marker of RRF. The annual 
rate of renal Kt/V decline was calculated according to the fol-
lowing formula: (renal Kt/V at first PETrenal Kt/V at the next 
PET)/number of years of follow-up.

Analysis of urinary L-FABP

Analysis of urinary L-FABP was performed using the 24-h urine 
sample at the time of first PET during the study period. We 
used the Human L-FABP ELISA Kit (CMIC Holdings Co., Ltd., 
Tokyo, Japan) in accordance with the manufacturer’s instruc-
tions. The absorbance was measured at 450 nm with a mi-
croplate reader (Multiskan FC; Thermo Scientific, Kanagawa, 
Japan). All samples were analyzed in duplicate.

Statistical analysis

Categorical variables are expressed as numbers or percentages. 
Continuous variables are expressed as means±standard devia-
tions and non-normally distributed data are expressed as me-
dians and interquartile ranges. To retrospectively investigate 
the clinical parameters associated with annual rate of renal 
Kt/V decline, we divided patients on PD into 2 groups according 
to the median value of the annual rate of renal Kt/V decline. 
A Fisher exact test or Pearson chi-square test was conducted 
for nominal variables and a Wilcoxon rank sum test was con-
ducted for continuous variables when comparing the groups. 
Multivariate logistic regression analysis was performed to in-
vestigate the factors independently associated with renal Kt/V 
decline. Simple regression analysis was conducted to investi-
gate the relationship between the annual rate of renal Kt/V de-
cline and clinical parameters, and multivariate regression anal-
ysis was performed to investigate the factors independently 
associated with the annual rate of renal Kt/V decline. All sta-
tistical analyses were performed using JMP software, version 
13 (SAS Institute Inc., Cary, North Carolina, U.S.A.). P<0.05 was 
considered statistically significant.

Results

Patient characteristics

Table 1 lists characteristics at first PET of patients on PD. The 
median age was 61.1±12.9 years, and 20 patients (57%) were 
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men. The median duration of PD was 13 months (range, 11–24). 
Nephrosclerosis was the main cause of ESRD (34.3%) and 25.7% 
of patients had diabetes mellites. Urine volume was preserved 
(1500 mL; range, 1120-1700), and total Kt/V was 2.00 (range, 
1.67–2.49), which reflects adequate small solute clearance. 
Values for excretion of urinary protein and L-FABP were 0.51 g/d 
(range, 0.26–0.76) and 82.8 µg/d (range, 59.9–125.9), respec-
tively. Renal Kt/V at first PET was 0.85 (range, 0.64–1.45) and 
the subsequent annual rate of renal Kt/V decline was 0.29/y 
(range, 0.05–0.48), with a median duration of renal Kt/V at fol-
low-up of 11 months (range, 11–12).

Factors associated with RRF decline in patients on PD

Next, we investigated clinical factors associated with renal 
Kt/V decline in patients on PD. We divided them into 2 groups, 
based on the median value of their annual rate of renal Kt/V 
decline, and compared the clinical parameters between the 2 
groups. The median value for the annual rate of renal Kt/V de-
cline was 0.29/y among the study population. Therefore, pa-
tients on PD were divided into a group with preserved renal 
Kt/V (annual rate of renal Kt/V decline <0.29/y, n=17) and a 
group with renal Kt/V decline (annual rate of renal Kt/V de-
cline ³0.29, n=18). As shown in Table 2, renal Kt/V decline 
was associated with both high daily levels of urinary pro-
tein excretion (0.60 g/d; range, 0.50–0.87 vs. 0.36 g/d; range, 

Characteristic Value

Age (y) 	 61.1±12.9

Duration of PD (mo) 	 13	 (11–24)

Sex (Male: Female) 20: 15

BMI (kg/m2) 	 22.6	 (20.2–25.4)

Systolic BP (mmHg) 	 129.9±21.9

Diastolic BP (mmHg) 	 75.2±15.2

Primary disease of ESRD (%)

	 Chronic glomerulonephritis 25.7

	 Diabetic kidney disease 14.3

	 Nephrosclerosis 34.3

	 Other 25.7

Comorbidity

	 Diabetes mellitus (%) 25.7

	 Charlson Comorbidity Index 	 3	 (2–3)

ARB/ACE-I (%) 65.7

CCB (%) 62.9

Diuretic (%) 82.9

Statin (%) 28.6

CAPD: APD 24: 11

Hb (g/dL) 	 11.1±1.5

Alb (g/dL) 	 3.2±0.3

Table 1. Characteristics of patients on peritoneal dialysis.

ACE-I – angiotensin converting enzyme inhibitor; Alb – albumin; APD – automated peritoneal dialysis; ARB – angiotensin II 
receptor blocker; BMI – body mass index; BP – blood pressure; Ca – calcium; CAPD – continuous ambulatory peritoneal dialysis; 
CCB – calcium channel blocker; Cr – creatinine; CRP – C-reactive protein; D/P – dialysate/plasma creatinine; GFR – glomerular filtration 
rate; Hb – hemoglobin; nPCR – normalized protein catabolism rate; L-FABP – L-type fatty acid-binding protein; P – phosphorus; 
PD – peritoneal dialysis; PTH – parathyroid hormone.

Characteristic Value

Corrected Ca (mg/dL) 	 9.2±0.6

P (mg/dL) 	 5.1	 (4.3–5.6)

Intact PTH (pg/mL) 	 167.6	 (89.4–260.2)

Total cholesterol (mg/dL) 	 189.7±34.2

HbA1c (%) 	 5.4	 (5.1–5.7)

CRP (mg/dL) 	 0.06	 (0.03–0.21)

Urinary volume (mL/day) 	 1,500	 (1,120–1,700)

Residual GFR (mL/min) 	 4.12	 (2.59–6.61)

Peritoneal Kt/V 	 1.04±0.38

Renal Kt/V 	 0.85	 (0.64–1.45)

Total Kt/V 	 2.00	 (1.67–2.49)

4-h D/P Cr 	 0.61	 (0.56–0.68)

nPCR 	 0.87±0.18

Urinary protein (g/day) 	 0.51	 (0.26–0.76)

Urinary protein (mg/dL Cr) 	 0.82	 (0.46–1.27)

Urinary L-FABP (μg/day) 	 82.8	 (59.9–125.9)

Urinary L-FABP (μg/g) 	 70.2±37.4

Renal Kt/V decline rate (/y) 	 0.29	 (0.05–0.48)

Duration of follow-up (mo) 	 11.0	 (11.0–12.0)

Alb (g/dL) 	 3.2±0.3
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 RRF preserve (n=17) RRF decline (n=18) P value

Age (y) 	 62.5±12.4 	 59.8±13.6 0.31

Duration of PD (mo) 	 12	 (9.5–24.5) 	 14	 (12–25.5) 0.33

Sex (Male: Female) 12: 5 8: 10 0.18

BMI (kg/m2) 	 22.6	 (19.8–25.4) 	 22.7	 (20.8–25.5) 0.95

Systolic BP (mmHg) 	 129.4±22.1 	 129.1±22.4 0.96

Diastolic BP (mmHg) 	 73.2±13.1 	 77.1±17.1 0.43

Primary disease causing ESRD (%) 0.22

	 Chronic glomerulonephritis 23.5 27.8

	 Diabetic kidney disease 17.7 11.1

	 Nephrosclerosis 47.1 22.2

	 Other 11.8 38.9

Comorbidity

	 Diabetes mellitus (%) 35.3 16.7 0.26

	 Charlson Comorbidity Index 	 3	 (2–4) 	 2	 (2–3) 0.35

ARB/ACE-I (%) 82.4 50 0.08

CCB (%) 76.8 50 0.16

Diuretic (%) 94.1 72.2 0.18

Statin (%) 29.4 27.8 >0.99

CAPD: APD 12: 5 12: 6 >0.99

Hb (g/dL) 	 11.2±1.3 	 11.0±1.6 0.95

Alb (g/dL) 	 3.2±0.1 	 3.3±0.1 0.10

Corrected Ca (mg/dL) 	 9.1±0.6 	 9.3 ±0.7 0.34

P (mg/dL) 	 5.3	 (4.7–5.9) 	 5.1	 (4.2–5.5) 0.33

Intact PTH (pg/mL) 	 167.6	 (104.1–194.5) 	 161.6	 (76.3–293.2) 0.84

Total cholesterol (mg/dL) 	 190.1±34.1 	 189.3±35.2 0.88

HbA1c (%) 	 5.3	 (5.1–6.1) 	 5.4	 (5.1–5.7) 0.72

CRP (mg/dL) 	 0.06	 (0.04–0.17) 	 0.05	 (0.03–0.23) 0.88

Urinary volume (mL/day) 	 1,400	 (725–1,650) 	 1,500	 (1,260–1,798) 0.18

Residual GFR (mL/min) 	 3.76	 (1.90–5.15) 	 4.51	 (2.62–7.61) 0.20

Peritoneal Kt/V 	 1.15±0.40 	 0.93±0.33 0.19

Total Kt/V 	 1.79	 (1.50–2.01) 	 2.13	 (1.79–2.52) 0.06

4-h D/P Cr 	 0.63	 (0.59–0.7) 	 0.6	 (0.55–0.65) 0.21

nPCR 	 0.88±0.16 	 0.87±0.20 0.86

Urinary protein (g/d) 	 0.36	 (0.19–0.48) 	 0.60	 (0.50–0.87) 0.01

Urinary protein (g/g Cr) 	 0.68	 (0.32–1.00) 	 1.00	 (0.71–1.31) 0.07

Table 2. Comparison of clinical characteristics between RRF preservation and decline groups.
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0.19–0.48; P=0.01) and high daily levels of urinary L-FABP ex-
cretion (111.2 µg/d; range, 76.1–188.6 vs. 61.5 µg/d; range, 
35.7–96.0; P=0.002). However, other clinical parameters, such 
as comorbidity and medication (including renin-angioten-
sin system inhibitor), did not show an association with renal 

Kt/V decline. Furthermore, as shown in Table 3, multiple lo-
gistic regression analysis showed that only high daily levels of 
urinary L-FABP excretion were independently associated with 
renal Kt/V decline (odds ratio 1.03, 95% confidence interval, 
1.00–1.05; P=0.001). In contrast, daily urinary protein excre-
tion was not associated with renal Kt/V decline.

Next, we investigated the correlation between the annual rate 
of renal Kt/V decline and daily levels of urinary protein excre-
tion or of urinary L-FABP excretion. As shown in Table 4 and the 
Figure 1, in simple regression analysis, only daily urinary L-FABP 
excretion was significantly positively correlated with the an-
nual rate of renal Kt/V decline (r=0.71, P<0.001). Furthermore, 
multiple regression analysis also showed that only daily uri-
nary L-FABP excretion was independently correlated with the 
annual rate of renal Kt/V decline (Table 4).

Discussion

In the present study, we investigated the significance of uri-
nary L-FABP in patients on PD and demonstrated that higher 
daily urinary levels of L-FABP were associated with RRF decline. 
However, daily urinary protein excretion was not associated 
with RRF decline in patients on PD.

Odds ratio 95% confidence interval P value

Urinary L-FABP (μg/d) 1.03 1.00–1.05 0.001

Urinary protein (g/d) 6.04 0.19–8.02 0.295

Table 3. Multiple logistic regression analysis of RRF decline in patients on PD.

L-FABP – L-type fatty acid-binding protein; PD – peritoneal dialysis; RRF – residual renal function.

Table 2 continued. Comparison of clinical characteristics between RRF preservation and decline groups.

ACE-I – angiotensin converting enzyme inhibitor; Alb – albumin; APD – automated peritoneal dialysis; ARB – angiotensin II 
receptor blocker; BMI – body mass index; BP – blood pressure; Ca – calcium; CAPD – continuous ambulatory peritoneal dialysis; 
CCB – calcium channel blocker; Cr – creatinine; CRP – C-reactive protein; D/P – dialysate/plasma creatinine; GFR – glomerular filtration 
rate; Hb – hemoglobin; nPCR – normalized protein catabolism rate; L-FABP – L-type fatty acid-binding protein; P – phosphorus; 
PD – peritoneal dialysis; PTH – parathyroid hormone; RRF – residual renal function. A Fisher exact test or Pearson chi-squared test was 
conducted to compare nominal variables, and a Wilcoxon rank sum test was conducted to compare continuous variables.

 RRF preserve (n=17) RRF decline (n=18) P value

Urinary L-FABP (μg/d) 	 61.5	 (35.7–96.0) 	 111.2	 (76.1–188.6) 0.002

Urinary L-FABP (μg/g Cr) 	 162.7±120.6 	 221.2±123.5 0.15

Baseline renal Kt/V 	 0.77	 (0.42–0.90) 	 1.17	 (0.64–1.87)

Renal Kt/V decline rate (/y) 	 0.05	 (–0.05–0.17) 	 0.48	 (0.38–1.21)

Duration of follow-up (mo) 	 11.0	 (11.0–13.0) 	 11.5	 (10.8–12.0)
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Figure 1. �Relationship between urinary live-type fatty acid-
binding protein and decline of residual renal function 
in patients on peritoneal dialysis. L-FABP – liver-type 
fatty acid-binding protein, PD – peritoneal dialysis, 
RRF – residual renal function, r – Pearson correlation 
coefficient.
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In basic and clinical studies, urinary L-FABP has been reported 
to be a marker for renal injury in various renal diseases, such 
as AKI and CKD. L-FABP is expressed in proximal tubular cells 
and protects against tubular injury by oxidative stress [16]. The 
promoter region of human L-FABP contains hypoxia-inducible 
factor-1; thus, hypoxia induces L-FABP expression, following 
which, L-FABP acts as a renal protective agent by binding to 
lipid peroxide and is excreted in urine [17,18]. Therefore, in 
patients with AKI, urinary L-FABP levels increase before serum 
creatinine; the usefulness of L-FABP in early diagnosis and in 
predicting the severity of AKI has been reported [19,20]. In pa-
tients with CKD who are not on dialysis, previous studies have 
reported that urinary L-FABP is associated with renal intersti-
tial fibrosis and aids in renal prognosis [13–15]. Renal inter-
stitial fibrosis is induced by various factors. Urinary protein 
excretion is one of the causes of tubular damage that stimu-
lates urinary L-FABP secretion [13,21]. However, levels of uri-
nary L-FABP also are elevated in patients with CKD who are 
not on dialysis and do not have albuminuria, suggesting that 
damage to renal tubular cells is caused not only by urinary 
protein but also by various conditions, such as ischemia and 
oxidative stress [22]. It is unclear whether the mechanism of 
RRF decline is exactly the same for patients on PD and those 
with CKD who are not on dialysis. However, tubulointerstitial 
fibrosis is the best predictor of renal prognosis in patients with 
CKD who are not on dialysis, and it may be similar in patients 
on PD [23]. Therefore, we speculated that urinary L-FABP pre-
dicted RRF decline by reflecting tubulointerstitial injury, which 
induces tubulointerstitial fibrosis, in patients on PD as well as 
patients with CKD who are not on dialysis. In contrast, previ-
ous reports have investigated the association between various 
types of tubular injury markers and RRF decline in patients on 
PD, but some markers have demonstrated no association [24]. 
Some tubular injury markers are excreted in the urine as a re-
sult of renal tubular cell damage; however, L-FABP is excreted 
in urine in response to cellular stress prior to renal tubular cell 
damage [25]. Therefore, it was assumed that urinary L-FAPB 
was able to predict subsequent RRF decline in patients on PD.

Various factors have been investigated to determine the rela-
tionship between different markers of RRF decline in patients 

on PD. A new biomarker is needed, in particular, to predict RRF 
decline so that the practice of PD can be improved. Urinary 
protein has been reported to be associated with RRF decline 
in patients on PD [8]. However, in the present study, multivar-
iate analysis did not show any association between urinary 
protein excretion and RRF decline. Urinary protein is a mark-
er that mainly reflects glomerular disorders [26]. As described 
above, urinary L-FABP levels are a marker of tubulointerstitial 
injury caused by various factors, including glomerular filtered 
proteinuria. In patients with CKD who are not on dialysis, re-
nal prognosis is reflected more by tubulointerstitial fibrosis 
than by glomerular sclerosis [27]. Therefore, urinary protein 
may be associated with RRF decline in a small proportion of 
patients on PD, whereas urinary L-FABP levels are speculated 
to reflect RRF decline in a wide proportion of patients on PD.

Prediction of RRF decline is an important factor in patients 
on PD and the present study showed the usefulness of uri-
nary L-FABP as a prognostic factor for such decline. However, 
even if L-FABP levels can predict RRF decline, it is important 
to determine whether urinary L-FABP excretion can be mod-
ified and whether improvement in urinary L-FABP excretion 
can lead to preservation of RRF in patients on PD. Few stud-
ies have investigated this issue in patients on PD; however, 
a previous study reported that urinary L-FABP excretion was 
decreased in patients on PD who underwent exercise thera-
py [16]. Moreover, in patients with CKD, previous studies have 
reported that drugs such as telmisartan and enalapril reduce 
urinary L-FABP excretion [28,29]. Therefore, it must be possi-
ble to reduce urinary L-FABP excretion in patients on PD us-
ing some intervention. At present, however, it remains unclear 
whether treating urinary L-FABP excretion leads to preserva-
tion of RRF in patients on PD. Future prospective studies are 
needed to investigate this issue.

The present study has several limitations, including those men-
tioned above. First, the sample size was small and it was ret-
rospective and observational. Accordingly, the existence of un-
recognized confounding factors that affect RRF decline cannot 
be completely excluded. Furthermore, the small sample size 
limited the number of independent variables in multivariate 

 
Simple regression analysis

Multiple regression analysis

Unstandardized coefficients Standardized coefficients

r P value B SE b P value

Urinary L-FABP (μg/d) 0.71 <0.001 0.0035 0.0006 0.6871 <0.001

Urinary protein (g/d) 0.28 0.10 0.1478 0.0864 0.2052 0.10

Table 4. Simple and multiple regression analyses of the rate of RRF decline in patients on PD.

B – unstandardized regression coefficient; b – standardized regression coefficient; L-FABP – L-type fatty acid-binding protein; 
PD – peritoneal dialysis; r – Pearson correlation coefficient; RRF – residual renal function; SE – standard error.
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analysis. Second, we used residual renal Kt/V as an indicator 
of RRF. Renal Kt/V was calculated by determining renal urea 
clearance, which reflects the clearance of small molecules. 
Thus, our results may not reflect true RRF, including the clear-
ance of medium-to-large molecules. Third, we calculated RRF 
decline over a short duration (median duration of follow-up: 
11 months). Thus, our results may not reflect long-term RRF 
decline. Fourth, in our study, we did not consider other uri-
nary biomarkers apart from urinary protein for comparison. 
Therefore, it is unclear whether urinary L-FABP levels have 
more predictive value for RRF decline than other existing uri-
nary biomarkers.

Conclusions

We demonstrated that daily urinary L-FABP levels are asso-
ciated with RRF decline in patients on PD. The results of the 
present study suggest that assessment of urinary L-FABP may 
help predict RRF decline in these patients.
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