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Abstract 

Background Chronic kidney disease (CKD) is a progressive failure of renal function with ongoing systemic inflamma-
tion. Inflammatory markers such as neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and pro-
teinuria were documented as independent predictors of CKD progression. Although proteinuria estimated by the pro-
tein to creatinine ratio (UPCR) is generally employed to screen the disease progression of CKD, the correlation of NLR 
and PLR with different stages of CKD is yet to be studied. Consequently, this study strived to find the stage-wise 
correlation between NLR and PLR with proteinuria in CKD patients.

Methods Eighty-five CKD patients with proteinuria who visited the Nephrology Clinic at Teaching Hospital Jaffna, 
Sri Lanka, were randomly selected and categorized as stages II to IV based on the estimated glomerular filtration rate 
(e-GFR). Blood samples were collected and subjected to investigate patients’ NLR and PLR. Furthermore, urine protein 
and creatinine were measured and UPCR was calculated. Participants’ demographic, clinical, and laboratory data were 
obtained from patients’ clinical registry. Spearman’s rank correlation and receiver operative characteristic (ROC) curve 
analysis was done, and the p value < 0.05 was considered statistically significant.

Results Amongst the total participants, males were predominant (58.8%), with a mean age of 58.1. Severity analy-
sis based on the e-GFR revealed that 17.64%, 18.82%, 29.41%, and 34.11% of CKD patients were in stages II, IIIA, IIIB, 
and IV, respectively. Stage-wise correlation and ROC curve analysis indicated that NLR and PLR were positively cor-
related with UPCR in stages IIIA, IIIB, and IV of CKD with more than 80% predictive sensitivity and specificity.

Conclusion NLR and PLR can be used as novel predictive markers for monitoring the severity of CKD; however, fur-
ther large-scale cohort studies of NLR and PLR with serial monitoring and multiple closely spaced measurements are 
recommended to develop these markers into clinically acceptable markers for CKD progression.
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Background
Chronic kidney disease (CKD), defined by e-GFR below 
60 ml/min/1.73  m2 sustained for at least 3 months or 
higher e-GFR with the existence of proteinuria, affects at 
least 1 in 10 individuals in the world [1, 2]. Patients with 
CKD are vulnerable to severe cardiovascular complica-
tions, bone diseases, infections, anaemia, and cancer, 
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leading to low life expectancy [3]. In 2019, CKD was doc-
umented as the  11th leading cause of death worldwide, 
accounting for over 1.4 million deaths, and it was further 
predicted that the death rate would be raised by 2.79-fold 
in 2040 [4, 5]. There were several risk factors, including 
hypertension, dyslipidemia, diabetes mellitus, and aging, 
reported to be associated with CKD [6].

Early detection and monitoring of disease progression 
is crucial in the treatment of CKD. Proteinuria is one of 
the common markers used for the severity monitoring of 
CKD, as it shows a strong association with its progression 
[7]. In clinical practice, the 24-h urine protein excretion, 
UPCR, and urinary albumin-creatinine ratio (UACR) are 
commonly used to assess proteinuria; however, the 24-h 
urine collection is often inconvenient to the patients and 
can be inaccurate since the constituent of urine is easily 
altered by environmental factors [8]. Furthermore, UPCR 
was encountered to be influenced by muscle mass, urine 
tonicity, sex, age, dietary conditions, and other coexisting 
medical conditions [9]. Notably, recent studies supported 
and recommended the use of spot urine for UPCR calcu-
lation instead of a 24-h urine sample [10].

Inflammatory markers were recognised as suitable 
indicators for monitoring the disease progression of 
CKD, as inflammatory responses have a vital part in the 
pathogenesis of end-stage kidney disease [11]. Recently, 
it was found that inflammatory markers, NLR and PLR, 
predict the disease progression and the presence of pro-
teinuria in CKD patients [12, 13]. NLR and PLR are the 
most economical and readily available markers and are 
easily obtainable from simple mathematical calculations 
from routine complete blood count tests [14]. Although 
the NLR and PLR were found to have an association 
with the pathogenesis of CKD and were suggested as 
alternative markers for CKD progress monitoring, the 
correlation between NLR and PLR with proteinuria in 
distinct phases of the CKD is yet to be revealed. There-
fore, the present study attempted to discover the correla-
tion between NLR and PLR with proteinuria in different 
stages of CKD.

Methods
Patient recruitment and study design
It was a single-center, laboratory-based cross-sectional 
study. Eighty-five CKD patients with proteinuria (from 
stages II to IV) who attended the Nephrology Clinic at 
the Teaching Hospital Jaffna, Sri Lanka, between the  1st of 
July 2022 and the  31st of September 2022 were recruited 
for the study. Individuals who appeared with a history of 
kidney transplantation, coronary diseases and heart fail-
ure, recent hospitalization, surgeries, and exposure to 
non-steroidal anti-inflammatory (NSAID), nephrotoxic 
and immunosuppressive, steroidal, and antipsychotic 

drugs within the last one month and patients diagnosed 
with infection and febrile illness within the last two 
weeks were excluded from the study.

Data collection
Participants’ basic characteristics of age, gender, asso-
ciated comorbidities, laboratory test results, and drug 
prescriptions were extracted from participants’ medi-
cal records maintained at the hospital registry, after 
getting ethical clearance from the Ethics Review Com-
mittee of the Faculty of Medicine, University of Jaffna, 
Sri Lanka, in June 2022. e-GFR was computed by CKD 
Epidemiology Collaboration Creatinine Equation [(e-
GFR = 141 × min(Scr/k,1)α × max(Scr/k,1)−1.209 × 0.993A

ge × 1.018 (if female) × 1.159 (if black)] [15]. The patients 
were categorised into stages II to IV according to the 
National Kidney Foundation guidelines [16].

Blood cell counting and calculation of NLR and PLR
EDTA blood samples were withdrawn from each partici-
pant after obtaining informed written consent. Labora-
tory investigations of white blood cell (WBC), platelet, 
and leukocyte differential counts were performed by 
manual technique. Total WBC and platelet count were 
performed by a method described by Bain et  al. [17]. 
Briefly, 20 µL of blood was mixed with 380 µL of 1% 
acetic acid and 380 µL of ammonium oxalate, respec-
tively, and subjected to cell counting by a haemocytom-
eter. Leukocyte differential count was done by a protocol 
published by Bain et al. [17]. Initially, blood smears were 
prepared and stained by Leishman’s stain, and then, cells 
were counted under oil immersion in a light microscope. 
All the cell counting was performed by three laboratory 
experts individually as five replicates, and the result mean 
was utilized to calculate NLR and PLR.

Urine protein and creatinine measurement and UPCR 
calculation
Random (spot) urine samples were collected in a sterile 
urine collection container and transported to the Chemi-
cal Pathology Laboratory at Teaching Hospital Jaffna. 
Urinary total protein was measured by a Thermo Sci-
entific Konelab 20 clinical chemistry analyzer, whereas 
urinary creatinine was measured by a Siemens Dimen-
sion RxL Max automated analyzer according to manu-
facturers’ instructions. UPCR was obtained by dividing 
urinary total protein concentration by urinary creatinine 
concentration.

 Statistical analysis
Statistical analyses were performed by Statistical Pack-
age for the Social Science (SPSS) version 18. Numerical 
data were subjected to check for normal distribution by 
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the Kolmogorov–Smirnov test. The variables that showed 
normal distribution were presented as mean ± SD and 
compared by one-way ANOVA, while variables that 
exhibited non-normal distribution were summarised as 
medians with interquartile ranges (IQRs) and analyzed 
using the Kruskal–Wallis H test. All nominal values were 
illustrated as frequencies and compared by Fisher’s exact 
test. Correlations were determined by Spearman’s rank 
correlation. The receiver operating characteristic (ROC) 
curve and Youden’s index were employed to assess the 
optimum cutoff for NLR and PLR. p < 0.05 was consid-
ered statistically significant.

Results
 Baseline characteristics of participants
During the study period, 85 CKD patients with proteinu-
ria who visited the Nephrology Clinic were recruited for 
the investigation. The mean age of the participants was 
58.1, with a male predominance of 58.8%. Most of the 
patients had multiple comorbidities (28.2%), although 
hypertension (24.7%), glomerulonephritis (18.8%), and 
diabetes (10.6%) were the leading comorbidities associ-
ated with CKD in the participants (Table  1). Further-
more, 17.65% and 50.59% of the participants were under 
the medications of angiotensin-converting enzyme inhib-
itors and angiotensin receptor blockers, respectively. 
The laboratory data extracted from the patient’s medi-
cal record and inflammatory markers are illustrated in 
Table 1.

 Laboratory findings in different stages of CKD
CKD patients were divided into stages II to IV based on 
the e-GFR. Amongst the total participants, the majority 
of patients were at stage IV (n = 29), while others were 
in stages II, IIIA, and IIIB. The laboratory data indicated 
that serum creatinine (p < 0.0001), UPCR (p < 0.0001), 
neutrophil count (p < 0.0001), lymphocyte count 
(p = 0.001), platelet count (p = 0.013), NLR (p < 0.0001), 
and PLR (p < 0.0001) had significant difference between 
stages II-IV of CKD (Table 2). Particularly, inflammatory 
markers such as UPCR, NLR, and PLR were increased 
from stage II to stage IV.

 Correlation between NLR and PLR with Proteinuria 
in different stages of CKD
In order to understand the correlation between NLR 
and PLR with proteinuria, a bivariate correlation analy-
sis was performed. Results revealed that NLR and PLR 
had statistically significant positive correlations with 
UPCR and serum creatinine while showing statistically 
significant negative correlation with eGFR (Table  3). 
Stage-wise correlation analyses indicated that NLR and 
PLR had a significant positive correlation with UPCR 

only in the stages of IIIA, IIIB, and IV of CKD and did 
not show a significant correlation in stage II (Table 4). 
Figures 1 and 2 demonstrate the correlation of NLR and 
PLR with UPCR in stages IIIA, IIIB, and IV of CKD.

 Predictive performance of NLR and PLR in CKD 
progression
Since NLR and PLR exhibited a positive correlation 
with UPCR in stages IIIA, IIIB, and IV of CKD, ROC 
curve analysis and Youden’s index calculation were 
performed to understand the predictive ability of NLR 
and PLR. As shown in Fig. 3, the ROC curve illustrates 
a significantly larger area of NLR and PLR for stages 
IIIA, IIIB, and IV of CKD with more than 80% sensitiv-
ity and specificity for both markers. The optimal cut-
off obtained from Youden’s index, area under the curve 
(AUC), and the predictive accuracy of NLR and PLR are 
illustrated in Table 5.

Table 1 Demographic, clinical, and laboratory data of CKD 
patients

Data are presented as total numbers, percentages, means ± standard deviations, 
or median with interquartile range (IQR). CKD chronic kidney disease, 
ACE angiotensin-converting enzyme, ARB angiotensin receptor blockers, 
e-GFR estimated glomerular filtration rate, ESR erythrocyte sedimentation rate, 
UPCR urine protein creatinine ratio, WBC white blood cell, NLR neutrophil to 
lymphocyte ratio, PLR platelet to lymphocyte ratio

Demographics
  Age (years), mean ± SD 58.1 ± 13.5

  Sex (male, %) 50 (58.8%)

Comorbidities
  Hypertension 21 (24.7%)

  Glomerulonephritis 16 (18.8%)

  Diabetes 9 (10.6%)

  IgA nephropathy 2 (2.4%)

  Multiple conditions (diabetes/hypertension/
ischemic heart disease)

24 (28.2%)

Medications
  ACE inhibitors 15 (17.65%)

  ARB medications 43 (50.59%)

Laboratory data
  Serum creatinine (μmol/L) 175.3 ± 70.9

  e-GFR (ml/min/1.73m2) 36.00 (24.50–51.50)

  ESR (mm/h) 25.00 (15.00–46.50)

  UPCR (mg/mmol) 170.00 (59.65–297.12)

  WBC count (×  109/L) 8.12 ± 1.7

  Neutrophil count (×  109/L) 5.40 ± 1.51

  Lymphocyte count (×  109/L) 2.0 (1.70–2.30)

  Platelet count (×  109/L) 267.00 (243.50–290.00)

  NLR 2.59 ± 0.79

  PLR 124 (110.20–139.27)
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Discussion
The present study shows the correlation of NLR and PLR 
with proteinuria in distinct stages of CKD patients. A sta-
tistically significant positive correlation was observed in 
stages IIIA, IIIB, and IV of CKD between NLR and PLR 
with proteinuria.

It is widely reported that inflammation has a key role 
in the progression of kidney disease through oxidative 
and carbonyl stress [18]. The inflammatory stress of the 
human body is impacted by antioxidants in the diet, 
repeated infections, intestinal dysbiosis, modified adi-
pose tissue metabolism, and nutritional imbalances [19]. 
Furthermore, recent studies revealed that measurement 
of inflammatory markers could assist in finding the sta-
tus of CKD as they drive its progression by stimulating 
unwanted modifications in the function of the glomeru-
lus, including alteration in the selective nature of the glo-
merular filtration, increasing the extracellular matrix in 
the glomerular interstitial space, and destruction of the 
tubular epithelium [20]. Although interleukins 6, 8, 12, 
and 33, as well as tumour necrotic factor-alpha (TNF-
α), erythrocyte sedimentation rate, and C-reactive pro-
tein (CRP), were discovered as inflammatory markers, it 
is still unclear which of the inflammatory makers is the 
most promising to monitor CKD progression [19, 21, 22]. 

Table 2 Demographic, clinical characteristics, and laboratory findings in different stages of CKD patients

Data are presented as total numbers, percentages, means ± standard deviations, or median with interquartile range (IQR). CKD, chronic kidney disease; ACE, 
angiotensin-converting enzyme; ARB, angiotensin receptor blockers; e-GFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; UPCR, urine 
protein creatinine ratio; WBC, white blood cell; NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio. P < 0.05 is considered statistically significant

Stage II
(n = 15)

Stage IIIA
(n = 16)

Stage IIIB
(n = 25)

Stage IV
(n = 29)

P

Demographics
 Age (years), mean ± SD 46.27 ± 13.85 61.88 ± 10.09 63.24 ± 11.56 57.76 ± 13.33 0.001

 Sex (male %) 4 (26.67%) 14 (87.5%) 17 (68%) 15 (51.72%) 0.004

Comorbidities
 Single condition 9 (60%) 10 (62.5%) 15 (60%) 14 (48.28%) 0.745

 Multiple conditions 3 (20%) 4 (25%) 7 (28%) 10 (34.48%) 0.766

Medications
 ACE inhibitors 8 (53.33%) 1 (6.25%) 1 (4%) 5 (17.24%)  < 0.0001

 ARB medications 10 (23.26%) 7 (43.75%) 11 (44%) 15 (51.72%) 0.513

Laboratory data
 Serum creatinine (μmol/L) 91.47 ± 20.45 131.65 ± 15.63 168.76 ± 22.21 248.52 ± 62.14 < 0.0001

  e-GFR (ml/min/1.73m2) 72.00 (65.00–82.00) 50.00 (46.25–52.00) 36.00 (32.50–42.00) 23.00 (18.00–25.50) < 0.0001

 ESR (mm/h) 18.00 (10.00–35.00) 20.00 (10.50–39.75) 18.00 (15.00–44.00) 40.00 (25.00–55.00) 0.061

 UPCR (mg/mmol) 71.96 (45.00–98.00) 93.00 (47.12–99.61) 249.00 (136.50–262.00) 342.50 (285.45–388.84) < 0.0001

 WBC count (×  109/L) 7.17 ± 1.56 8.24 ± 1.81 8.02 ± 1.16 8.63 ± 1.94 0.056

 Neutrophil count (×  109/L) 3.97 ± 0.80 5.13 ± 1.14 5.44 ± 1.13 6.29 ± 1.68  < 0.0001

 Lymphocyte count (×  109/L) 2.30 (2.00–3.40) 2.25 (1.90–2.75) 2.00 (1.80–2.20) 1.80 (1.50–2.10) 0.001

 Platelet count (×  109/L) 249.00 (202.00–268.00) 262.00 (219.25–284.25) 260.00 (247.5–290.00) 277.00 (256.50–390.00) 0.013

 NLR 1.62 ± 0.41 2.27 ± 0.19 2.64 ± 0.35 3.26 ± 0.52 < 0.0001

 PLR 101.11 (100.00–108.00) 109.50 (105.25–117.23) 126.67 (120.00–130.50) 150.00 (136.50–185.83) < 0.0001

Table 3 Correlation between NLR and PLR with UPCR, serum 
creatinine, and eGFR in CKD patients

NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, 
e-GFR estimated glomerular filtration rate, UPCR urine protein to creatinine ratio, 
CKD chronic kidney disease, r Spearman’s rank correlation coefficient. p < 0.05 is 
considered statistically significant

Stage NLR PLR

r p r p

UPCR 0.971  < 0.0001 0.787  < 0.0001

Serum creatinine 0.748  < 0.0001 0.753  < 0.0001

eGFR  − 0.859  < 0.0001  − 0.854  < 0.0001

Table 4 Correlation between NLR and PLR with proteinuria in 
different stages of CKD

NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, 
CKD chronic kidney disease, r Spearman’s rank correlation coefficient. p < 0.05 is 
considered statistically significant

Stage NLR PLR

r p r p

Stage II 0.267 0.336  − 0.479 0.071

Stage III A 0.928  < 0.0001 0.854  < 0.0001

Stage III B 0.728  < 0.0001 0.800  < 0.0001

Stage IV 0.641  < 0.0001 0.661  < 0.0001
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Previous studies demonstrated that increased neutrophil 
count had a significant association with oxidative stress, 
and decreased neutrophil count indicated the deteriora-
tion of nutritional status [23, 24]. It was further revealed 
that oxidative stress and nutritional imbalances had a sig-
nificant association with CKD progression and abnormal 

renal outcome, respectively [25, 26]. The findings of the 
existing study also displayed significant elevations in neu-
trophil count and reduced lymphocyte count between 
distinct stages of CKD. Therefore, the results of the exist-
ing study are compatible with the previous reports. Simi-
larly, multiple studies indicated that NLR and PLR could 

Fig. 1 NLR shows a significant positive correlation with UPCR in stages IIIA (a), IIIB (b), and IV (c) of CKD. NLR, neutrophil to lymphocyte ratio; UPCR, 
urine protein creatinine ratio; CKD, chronic kidney disease

Fig. 2 Correlation of PLR with UPCR in stages IIIA (a), IIIB (b), and IV (c) of CKD. PLR, platelet to lymphocyte ratio; UPCR, urine protein creatinine ratio; 
CKD, chronic kidney disease

Fig. 3 ROC curve analysis of stages IIIA (a), IIIB (b), and IV (c) of CKD. NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CKD, 
chronic kidney disease
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be useful for predicting disease progression in CKD 
patients [27–29].

NLR and PLR are efficiently computed from the 
routine laboratory investigation of complete blood 
count and are cheaper and easily obtainable compared 
to other inflammatory markers [30]. A study done 
by Kocyigit et  al. in 2013 among 105 stage IV CKD 
patients demonstrated that increased levels of NLR 
were associated with higher baseline CRP and faster 
decline in GFR leading to kidney failure compared to 
the individuals with low NLR value [29]. Turkmen et al. 
showed that PLR could be assumed as a more useful 
predictive marker for detecting kidney disease as it was 
elevated and showed a positive correlation with acute 
phase reactants such as NLR, CRP, interlukin-6, and 
TNF-α in end-stage CKD patients [31]. Results of the 
present study showed NLR and PLR were elevated from 
stages II to IV, which was compatible with the previous 
studies that demonstrated PLR and NLR were increased 
with the disease progression in CKD [32–34].

Proteinuria is a well-known marker for monitoring 
CKD severity as it increases with the severity of kidney 
disease through various pathways, including activation 
of complement and tubular chemokine expression [35]. 
Although proteinuria is generally assessed by measuring 
the UPCR in clinical laboratories, inconvenience caused 
to the patients during sample collection and its instabil-
ity due to urine tonicity, sex, age, nutritional conditions, 
and other associated diseases, it is still challenging to use 
proteinuria as an independent marker for the monitor-
ing of CKD progression [9]. As a result, the current study 
attempted to find the correlation between NLR and PLR 
with proteinuria in stages II–IV of CKD to understand 
the nature of NLR and PLR in severity monitoring of 
CKD and the results indicated that NLR and PLR were 
positively correlated with UPCR in stages IIIA, IIIB, and 
IV of CKD with more than 80% sensitivity and specificity.

There were several limitations attributed to this study. 
First, it is a laboratory-based cross-sectional study 

performed from samples collected from a single hospi-
tal treating only the ethnic group living in the Northern 
part of Sri Lanka; therefore, the generalization of these 
findings to different ethnicities is still unknown. Sec-
ond, the sample size of the present study is compara-
tively small for performing some statistical tests; thus, 
a larger cohort study needs to be done in the future to 
find the correlations of NLR and PLR with proteinuria 
in CKD patients. At last, it may not be accurate and 
precise to use NLR and PLR for predicting CKD pro-
gression using a single measurement of NLR and/or 
PLR.

Conclusions
The results indicate that NLR and PLR are positively cor-
related with proteinuria in different stages of CKD. In 
light of these positive findings, we suggest that the signif-
icance of serial monitoring of these markers and the use 
of multiple (2 to 3), closely spaced measurements of NLR 
and PLR, should be further studied with a cohort study 
design, to develop these low-cost markers further into 
clinically acceptable markers for CKD progression.
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