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Abstract: Background: A chronic interstitial disease, chronic kidney disease of uncertain etiology
(CKDu), has emerged as a notable contributor to the CKD burden in rural Sri Lanka. Most therapeutic
and diagnostic approaches to CKD focus on glomerular diseases, and thus are not fully applicable to
CKDu. Serum proteins, specifically those with the profile of markers representing different facets
of a disease, are beneficial for a comprehensive evaluation of diseases, and hence in CKD. Our
aim was to identify the role of serum-retinol-binding protein 4 (RBP4), a marker of the proximal
tubule, in the diagnosis of CKDu. Methods: Definite CKDu cases were recruited from the renal
clinic in Girandurukotte and Wilgamuwa (endemic regions). Healthy controls were recruited from
Mandaramnuwara (nonendemic area). The levels of RBP4 and creatinine in serum were measured.
An immunoassay (ELISA) was performed on the serum samples. The stages of CKD/ CKDu were
classified according to eGFR. Results: Serum RBP4 was significantly increased in CKDu patients
compared to CKD patients and healthy controls. The results show that the ratio of normalized
serum RBP4 to serum creatine (S.cr) acts as a better competitive marker for CKDu (AUC 0.762,
sensitivity 0.733) than CKD (AUC 0.584, sensitivity 0.733) when compared against healthy controls.
Furthermore, the RBP4:S.cr ratio showed higher discriminating power (AUC 0.743) between CKDu
and CKD, suggesting that the RBP4: S.cr ratio has potential as a serum marker to differentiate
CKDu from CKDu. Conclusion: The RBP4: S.cr ratio was identified as a plausible indicator for
differentiating CKDu from CKD with >70% sensitivity and specificity. Therefore, it could be used in
the evaluation of the tubular interstitial involvement of CKD.

Keywords: chronic kidney disease; chronic kidney disease of uncertain etiology; retinol-binding
protein 4; estimated glomerular filtration rate; serum protein; creatinine

1. Introduction

Chronic kidney disease of uncertain etiology (CKDu) is a term coined to describe
endemic chronic kidney disease (CKD) that has not been found or associated with its
conventional predominant risk factors such as hypertension and diabetes [1,2]. This novel
form of CKD is a major health issue that has gained public attention due to its high
mortality [3,4] in several tropical regions, including Sri Lanka, India, Latin America and
Egypt [5–8]. As this health condition mainly afflicts young and middle-aged males from
low-socioeconomic-status agricultural communities [1,9], hypotheses regarding the etiolo-
gies of CKDu have focused on occupational triggers, including environmental toxins that
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might have leached from pesticides and aluminum vessels into drinking water and been
ingested by these farmers. Despite many investigations on arsenic, cadmium, lead, fluoride,
chromium, aluminum and agrochemical contamination in geographical resources [10–15],
causative factors of CKDu remain inconclusive. This lack of understanding with regard
to the etiology of CKDu has therefore prompted many relevant studies to seek a holistic
comprehension of this disease.

CKDu has been observed to be a distinct form within the categorical diagnosis of
CKD in regard to both clinical and pathological presentations. Whilst the majority of
CKD patients present with high serum creatinine and proteinuria, the latter is minimal
in CKDu patients, especially in early stage 1. This is probably attributed to the fact that
CKD manifests predominantly as glomerular and vascular damage [16], whereas CKDu is
hallmarked by the pathology of the tubular interstitial compartment of the kidney [17–19].
Thus, evaluation of tubulointerstitial lesions in CKDu remains the current “gold standard”
for diagnosing as well classifying the severity [17]. Most of the current treatments for renal
diseases are based on glomerular pathologies; hence, the serum-creatinine- and proteinuria-
based approaches are appropriate. In contrast, renal tubules are neglected, at least to
a certain extent, beyond their involvement in a diverse array of functions carried out to
maintain the body physiology. More specific, reliable and sensitive markers are required to
evaluate the specific functions and severity of tubular interstitial diseases, including CKDu.

Tubular markers are highly plausible as indicators for CKDu as the disease has been
characterized with renal tubular damage as a first and early sign [20]. Indeed, urinary
alpha-1-microglobulin (A1M), a marker of proximal tubular dysfunction, is probably the
best single biomarker used to identify CKDu/CKD at the earliest stages. A1M has been
reported to be elevated in CKDu patients in comparison to healthy controls, and the quantity
increases as the disease progresses [20,21]. There have been several studies investigating
the effectiveness of different tubular markers, such as kidney injury molecule 1 (KIM1)
and neutrophil-gelatinase-associated lipocalin (NGAL), for the screening and diagnosis of
CKDu [22–24]. Interestingly, one study reported elevated urinary KIM1 and NGAL were
found not only in CKDu patients but also in healthy cohorts [23]. Findings strongly suggest
subclinical kidney disease unless otherwise proven by a kidney biopsy or by follow up.
Fernando et al., in 2019, proposed that using a combination of biomarkers leads to a better
performance than using a single marker in distinguishing among CKD/CKDu and healthy
controls [21]. This study demonstrated that a combination of A1M, KIM 1 and RBP4 as
a marker panel could be used for distinguishing CKD/CKDu from healthy controls, while
a panel consisting of urinary Osteopontin (OPN), KIM1 and RBP4 was used to differentiate
CKDu from CKD with high sensitivity and specificity [21].

Preliminary data from a multiplexed immunoassay motivated us to explore the effec-
tiveness of serum-retinol-binding protein 4 (RBP4) in the evaluation of tubular functions,
more specifically the proximal tubular functions of CKDu. We propose the concomitant
use of glomerular and tubular markers would provide a more realistic picture of chronic
kidney disease, opening up new avenues for treatment. RBP4 is a small protein of 21kDa
that is freely filtered through the glomeruli upon the release of retinol. It is then readily
reabsorbed by the proximal tubule and catabolized [25,26]. As such, it has been regarded
as an excellent marker candidate for tubular renal impairment [27,28]. Moreover, there is
the possibility that leakage of RBP4 through tubular damage, and thereby an increase in
urinary RBP4 can be observed before glomerular markers [28]. This would be extremely
relevant in the context of CKDu. Some of the early studies on CKD reported a significant
positive correlation of serum RBP4 with serum creatinine [29–31]. Xun et al. (2018) showed
that serum RBP4 is useful in diagnosing CKD as the concentration of serum RBP4 has
an association with renal functions [29]. They confirmed that combined detection of serum
RBP4 and routine renal function biomarkers such as serum creatinine, urea and cystatin C
would improve diagnostic accuracy for CKD [29].

Along these lines, concerted efforts have been made to assess the applicability of
current CKD diagnostic tools for CKDu diagnostics. For example, the urine dipstick test,
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a cost-effective, sensitive screening test for CKD, has been proven to have a limited role
in minimally proteinuric early stages of CKDu [32]. Further, estimated GFR (eGFR) is
regarded as the most popular indicator of kidney dysfunction, and this index takes into
account variables including S.Cr, age, weight and gender [33]. Though eGFR (<60 mL/min/
1.73 m2) is an essential criterion in the diagnosis of CKDu, there is a strong possibility for
the existence of significant kidney damage, even among so-called “healthy” individuals
with an eGFR of more than 60 mL/min/1.73 m2 [34]. This indicates the unknown bona fide
impact the diagnosis of CKDu, a primary tubular interstitial disease, has on eGFR. Hence,
RBP4, a tubular marker, in combination with creatinine or eGFR, is complementary to the
evaluation of the severity of tubular interstitial diseases.

2. Materials and Methods
2.1. Patient Information and Study Design

This cross-sectional study was conducted in definite CKDu patients (n = 44), CKD
patients (n = 45) and healthy controls (n = 45). CKDu participants (biopsy-proven) were
enrolled from renal clinics in a divisional hospital in Girandurukotte and Wilgamuwa,
a region endemic for CKDu according to national guidelines for the diagnosis of CKDu.
People with known causes for CKD (hypertension, diabetes mellitus, heart diseases, poly-
cystic kidney disease, systemic lupus erythematosus) were enrolled from a renal clinic,
National Hospital Kandy, in a nonendemic area for CKDu. All the CKD cases were di-
agnosed by a consultant nephrologist. Urinary-albumin-negative but otherwise healthy
volunteers with an eGFR of more than 90 and normal serum creatinine were recruited from
Mandaramnuwara, a nonendemic region located in the central province of the country,
and selected as controls. The ethical clearance was obtained from the ethical review com-
mittee of the Faculty of Medicine, University of Peradeniya (2016/EC/28). All enrolled
participants provided informed consent.

2.2. Clinical Sample Collection

Blood samples were taken, and the serum was separated immediately. Serum samples
were transferred to sterile cryovials and transported in liquid N2 to the laboratory. Then,
the samples were stored at −80 ◦C until analysis. Sample collection was carried out in
Sri Lanka, and the samples were sent under the appropriate conditions to Singapore for
the analysis.

2.3. Luminex X-MAP Screening

In the pilot study, serum RBP4 was measured using Luminex X-MAP technology. All
procedures were performed in accordance with the manufacturer’s instructions. The assay
platforms and methodologies were specifically selected, and great attention was paid to
quality-control issues, including calibrating and adherence to well-annotated standard
operating procedures. According to the results of the pilot study, serum RBP4 was found to
be beyond the detectable range of the assay.

2.4. ELISA Assay

Serum creatinine (Scr) was measured using an Indiko Plus biochemical analyzer
(Thermo ScientificTM, Vantaa, Finland). Estimated glomerular filtration rate (eGFR) was
calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equa-
tion [35]. Normalized values, in this case normalizing against total protein concentration,
are used to control for intra-assay and interpatient variation. Such a method has also been
employed by ELISA studies [36].

An immunoassay (Human-Retinol-binding protein 4 ELISA Kit (RBP4); Abcam) was
performed on the selected serum samples in three groups (CKDu, CKD, NEC) to confirm if
the serum RBP4 level was indeed high in CKDu patients.
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2.5. Statistical Analysis

The differential levels of measured serum RBP4 among the three different groups,
control, CKD and CKDu, were assessed for significance using the nonparametric Mann–
Whitney U test, and a p-value < 0.05 was considered significant. Marker performances
for sensitivity, specificity and area under curve (AUC) were assessed using receiver oper-
ating characteristic (ROC) analysis as implemented in the statistical XLSTAT plug-in for
Microsoft Excel.

3. Results
3.1. Demographic and Clinical Characteristics

Out of 134 recruited patients, 44 patients belonged to the CKDu group and 45 patients
belonged to both the NECKD and NEC groups. Demographic data, life style and health
characteristics of the three groups are shown in Table 1. Out of the three groups, the CKDu
group had a more prevalent family history of CKD (50%) compared to the other two groups.
Smoking (47.7%), betel chewing (81.8%) and alcohol consumption (43.2%) were higher in
CKDu compared to the NECKD and NEC patients. History of malaria (40.9%) also had
a higher percentage in the CKDu group compared to the other groups.

Table 1. Demographic and clinical characteristics of the study subjects.

Variable

Average ± SD or Cases (%)

CKDu
(n = 44)

NECKD
(n = 45)

NEC
(n = 45)

Age, years 51.7 ± 9.3 49.62 ± 13.5 48.1 ± 12.1
Gender distribution, males 40 (90.9) 23 (51) 18 (40)
Family history of CKD 22 (50) 7 (15.5) 4 (8.9)
Smoking 21 (47.7) 11 (24.4) 7 (15.5)
Chewing betel 36 (81.8) 6 (13.3) 23 (51)
Alcohol consumption 19 (43.2) 8 (17.8) 12 (26.7)
Hypertension 14 (31.8) 36 (80) 0 (0)
Diabetes mellitus 2 (4.5) 21 (46.7) 0 (0)
History of malaria 18 (40.9) 7 (15.6) 0 (0)

SD: standard deviation, CKDu: chronic kidney disease of uncertain etiology, NECKD: nonendemic chronic kidney
disease, NEC: nonendemic control.

3.2. Serum RBP4 as a Potential Marker for Distinguishing between CKD and CKDu

In the pilot study, the serum of 78 CKDu patients was screened for a selected
16 serum marker candidates (Figure 1) based on their potential of applicability in CKDu
using Luminex X-MAP technology.

1 
 

 
  Figure 1. Heatmap showing expression level of serum analytes with respect to limit of detection.



Kidney Dial. 2022, 2 580

Whilst many of the candidate markers fell within the detectable range of the assay,
RBP4 readouts in all the serum samples exceeded the detection limit of the assay along with
an exceedingly high level of NGAL in at least half of the samples. Based on this peculiar
behaviour of RBP4, we were motivated to identify the prevalence of RBP4 in CKDu patients
under controlled experimental settings [29].

3.3. Circulating RBP4 Levels and Significance in Study Cohorts

In the current study, we performed an RBP4-targeted immunoassay on a small cohort
of serum samples from healthy controls (n = 45), CKD patients (n = 45) and CKDu patients
(n = 44). It is interesting to note that there was a vast range of protein concentrations across
the samples, with as much as a three-fold difference between the highest and lowest sera
concentrations (Figure 2A). Such drastic variances motivated us to investigate if there would
be any difference in our analysis outcomes based on direct data or after normalization
against protein concentration. Total concentration of protein is likely to be decided by
primary renal disease as well as nonrenal causes. Normalization of RBP4 to the protein
concentration would diminish such artifacts in the results.

 

2 

 
  Figure 2. Sera protein and serum RBP4 level. (A) Violin plot showing distribution of sera protein

levels in control and diseased cohorts. (B,C) Boxplots showing distribution of RBP4 in control and
diseased cohorts; ** p < 0.01, *** p < 0.001, **** p < 0.0001, n.s = not significant.

We observed that the serum RBP4 level was higher among CKDu patients than both
healthy controls and CKD patients regardless of whether direct data or normalized data
were considered (Figure 2B,C). The significance of serum RBP4 as a CKDu marker against
healthy controls is obvious. It is interesting to report that serum RBP4 is capable of
differentiating the CKD group from healthy groups and normalized RBP4 is capable of
discriminating CKDu from CKD.

3.4. Performance of Serum RBP4 in Identifying Proximal Tubular Disease

To better understand if there was any impact in our findings, we looked at the overall
performance of serum RBP4 in the evaluation of the extent of tubular interstitial involve-
ment in CKDu.

The performance difference between serum RBP4 and creatinine, as a marker for dif-
ferentiating CKDu (Figure 3A) from CKD with known causes (Figure 3C) or from healthy
controls, was minimal (AUC 0.709 versus AUC 0.699). Moreover, their sensitivities (0.844
versus 0.841) and specificities (0.578 versus 0.533) were very similar. Despite the higher
median of serum RBP4 level seen in CKDu (Figure 2B), its insignificant discriminatory
power between CKD and CKDu is reflected in Figure 3E (AUC 0.523). In contrary, after
normalization against protein serum, RBP4 appeared to be a more competitive marker for
CKDu (Figure 3D; AUC 0.762, sensitivity 0.733) than CKD patients (Figure 3B; AUC 0.584,
sensitivity 0.733, specificity 0.556) and healthy controls. Correspondingly, the discrimina-
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tory power of serum RBP4 for the two CKDs was also augmented in the normalized data
(Figure 3F; AUC 0.663).

 

3 

 

  Figure 3. Serum RBP4 performance as marker. (A,B) ROCs showing performance of RBP4 as
a marker for CKD. (C,D) ROCs showing performance of RBP4 as a marker for CKDu. (E,F) ROCs
showing performance of RBP4 as a discriminatory marker between the two chronic kidney diseases.
Raw RBP4 values are used for (A,C,E), and normalized RBP4 indices are used for (B,D,F).

3.5. Synergy in Glomerular and Tubular Markers for Distinguishing between CKD and CKDu

As expected, serum creatinine was not able to be used to differentiate CKDu from
known CKD (Figure 4A,B). The overall AUC, sensitivities and specificities for both did
not differ much, suggesting they had comparable performances. Next, we looked at how
serum RBP4 would perform with these two associated factors of CKD. Both direct and
normalized serum RBP4 values were considered for this.

 

4 

 
  

Figure 4. Serum creatinine (S.Cr) and estimated glomerular filtration rate (eGFR) performance as
a discriminatory marker between the 2 CKD diseases. (A) ROC showing performance of S.Cr
as a discriminatory marker for CKD and CKDu. (B) ROC showing performance of eGFR as
a discriminatory marker between the two chronic kidney diseases.

Figures 5 and 6 (using direct and normalized serum RBP4 values, respectively) show
the performances of ratio indices from glomerular and tubular indicators as discrimina-
tory markers between known CKD and CKDu. For use of direct values, the RBP4:S.Cr
(Figure 5A) index seemed to perform better than RBP4: eGFR (Figure 5C) as a discrimina-
tory marker between the two CKDs despite similar AUCs (RBP4:S.Cr AUC 0.699 versus
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RBP4: eGFR AUC 0.670). This is reflected by the more balanced acceptable sensitivity
and specificity (RBP4:S.Cr with sensitivity 0.727; specificity 0.667 versus RBP4: eGFR with
sensitivity 0.444; specificity 0.841). Figure 5B,D depict the association between RBP4 and
S.Cr or the eGFR, respectively, in CKD and CKDu patients. It is striking that there was
a distinctive difference in the distribution of the direct relationship of these associated
markers. Prominently, the compact distribution of RBP4 and S.Cr association (Figure 5B) as
compared to that of RBP4 and eGFR (Figure 5D) in the CKDu group versus the CKD group
puts forward the notion that the RBP4:S.Cr ratio is the more robust marker in discriminating
CKDu from CKD.

 

5 

 
  Figure 5. Ratio index as discriminatory marker between the 2 CKD diseases using direct RBP4

values. ROCs showing performance of RBP4:S.Cr ratio (A) and RBP4:eGFR ratio (C) as discriminatory
markers for CKD and CKDu. Distribution of RBP4:S.Cr (B) and RBP4:eGFR ratios (D) in CKD (blue)
and CKDu (red). Direct values of RBP4 are used.

A similar trend was observed when normalized serum RBP4 values were used. How-
ever, the overall performance of the RBP4:S.Cr index was elevated with an AUC of 0.743,
sensitivity of 0.778 and specificity of 0.682 (Figure 6A). This robustness way surpasses that
of the RBP4: eGFR ratio with an AUC 0.619 despite having a sensitivity of 0.864, as the
specificity was only 0.444 (Figure 6C). The distribution pattern for the direct relationship
of these associated factors remained robust when using normalized serum RBP4 values
(Figure 6B,D), further affirming that the RBP4: S.Cr index is a robust putative discriminatory
marker between CKD and CKDu.

3.6. A Robust Putative Discriminatory Marker—Normalized RBP4:S.Cr Index

Table 2 shows an overview of performances of the associated markers. It is intriguing
to observe distinct differences between using direct and normalized serum RBP4 values.
Based on the analysis, the RBP4:S.Cr index using normalized RBP4 values emerged as the
best-performing indicator for differentiating between CKD and CKDu.
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6 

 
Figure 6. Ratio index as discriminatory marker between the 2 CKD diseases using normalized RBP4
values. ROCs showing performance of RBP4:S.Cr (A) and RBP4:eGFR ratios (C) as discriminatory
markers for CKD and CKDu. Distribution of RBP4:S.Cr (B) and RBP4:eGFR ratios (D) in CKD (blue)
and CKDu (red). Normalized values of RBP4 are used.

Table 2. Overview of performances of the associated markers.

S.Cr eGFR
Raw RBP4 Normalized RBP4

RBP4 RBP4:SCr RBP4:eGFR RBP4 RBP4:SCr RBP4:eGFR

CKD
vs. NEC

AUC 0.939 0.917 0.709 0.934 0.916 0.584 0.937 0.897
Sensitivity 0.800 0.844 0.844 0.800 0.844 0.733 0.844 0.800
Specificity 1.000 0.978 0.578 1.000 0.978 0.556 0.933 0.978

CKDu
vs. NEC

AUC 0.909 0.883 0.699 0.880 0.893 0.762 0.847 0.912
Sensitivity 0.750 0.841 0.841 0.750 0.841 0.733 0.867 0.841
Specificity 0.956 0.911 0.533 0.933 0.889 0.773 0.727 0.956

CKD vs.
CKDu

AUC 0.688 0.674 0.523 0.699 0.670 0.663 0.743 0.619
Sensitivity 0.600 0.568 0.822 0.667 0.444 0.556 0.778 0.864
Specificity 0.727 0.733 0.318 0.727 0.841 0.773 0.682 0.444

S.Cr, serum creatinine; eGFR, estimated glomerular filtration rate; RBP4, retinol-binding protein 4; AUC, area
under the curve; CKD, chronic kidney disease; CKDu, chronic kidney disease of uncertain etiology; NEC,
nonendemic control.

4. Discussion

The term CKD categorically defines diverse kidney diseases with different patho-
physiological manifestations under one umbrella using markers of kidney impairment,
damage or imaging abnormalities. Broadly, CKDs can be further subdivided into glomeru-
lar, tubular interstitial and renovascular diseases based on the primary or predominant site
of involvement. Even though it is important, there are no competent traditional markers
able to confidently identify the severity or extent of damage to those specific compartments.
More precisely, new biomarkers, which are promising candidates for this purpose, have to
be evaluated intensively to identify their exact role in clinical practice. In our pilot study,
we selected 16 serum biomarkers to evaluate their usefulness in CKDu. Most of the RBP4
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concentrations were above the upper limit of quantification of the assay compared to the
rest of the analytes in the panel. As this was unexpected, we conducted a case–control study
to evaluate the performance of serum RBP4, a tubular maker, in combination with well-
established markers, such as serum creatinine, eGFR and serum protein, in the evaluation
of CKDu, a predominantly tubular interstitial disease.

According to our results, all three markers behaved independently in CKDu and
known CKDs, affirming that our direct data do reflect what has been reported through
ELISA studies: that serum RBP4 is a significant marker in discriminating CKD patients from
healthy controls [29,37]. Furthermore, the authors used direct data to reach this conclusion.
It is therefore intriguing to see that the significance diminished when normalized data were
used. More interestingly, the normalized data showed that serum RBP4 behaves differently
in CKD and CKDu (Figure 2C). As expected, there was a wide variation in serum protein
levels in known CKDs, which is likely decided by the amount of glomerular protein leak.
In contrast, in CKDu, a nonproteinuric tubular interstitial disease, serum protein levels
were distributed within a narrow range and more comparable to the pattern in healthy
individuals. As a result, normalized RBP4 against protein became a useful marker in
differentiating CKDu from known CKDs. Further, mean RBP4 levels were significantly
high in CKDu patients in comparison to both CKD patients and healthy controls, indicating
the representativeness of serum RBP4 for the predominant site of involvement in CKDu, the
proximal tubule [38]. Several previous studies have shown that elevated serum creatinine
levels are associated with high serum RBP4 [29–31]. According to some studies [39,40], the
association between serum creatinine and serum RBP4 is due to the loss of functional tissue
in renal failure, which leads to decreased filtration and abnormal survival of small serum
proteins [39,40]. According to our findings, high levels of RBP4 in CKDu can be explained
by both reduced filtration and abnormal survival in proximal tubular disease.

RBP4 is a low-molecular-weight protein (21kDa) that is freely filtered through the
glomeruli upon the release of retinol and subsequently reabsorbed readily by the proximal
tubule and catabolized [25,26]. Theoretically, in glomerular sclerosis, tubules are atrophied;
therefore, serum levels should represent glomerular functions. In tubular dysfunctions,
either absorption or catabolism or both can produce disproportionate levels to the degree
of kidney function. Hence, this would be extremely relevant in the context of primary
tubulointerstitial diseases such as CKDu. Xun et al. (2018) showed that serum RBP4 is
useful in the diagnosis of CKD as the concentration of serum RBP4 has an association with
renal functional biomarkers. They suggested that combined detection of serum RBP4 and
routine renal function biomarkers such as serum creatinine, urea and cystatin C would
improve diagnostic accuracy for CKD [29].

Histological patterns are considered as the gold standard of diagnosis in most renal
diseases. The absence of a biopsy in the diagnosis of CKD and relatively small sample
size are limitations of this study. All the cases and controls were recruited according to the
clinical and demographic data only. Occupational data were not considered. The absence
of proteinuria results is another limitation of the current study.

5. Conclusions

There was evidence indicating the association between serum RBP4 and a reduced
glomerular filtration rate. Our results not only support RBP4 as a renal biomarker, but
also warrant further investigation of the capability of RBP4 in the evaluation of proximal
tubular function. Further, we denote the significance of evaluating the complementary role
of new biomarkers with traditional markers in complicated diseases such as CKD/CKDu.
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