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Abstract
Objective: To assess the association between the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio (PLR) with all-cause mortality in Peruvian patients with chronic kidney disease (CKD) attending a tertiary hospital.
Methods: We conducted a retrospective cohort study in adults with CKD in stages 1–5. The outcome variable was
mortality and as variables of exposure to NLR and PLR. Both ratios were categorized as high with a cutoff point of 3.5
and 232.5, respectively. We carried out a Cox regression model and calculated crude and adjusted hazard ratios (HR)
with their 95% confidence interval (95% CI).
Results: We analyzed 343 participants with a mean age of 78.3 (± 11.9) years and 62.9% (n = 216) men. The median
follow-up time was 2.45 years (2.08–3.08), and the frequency of deaths was 17.5% (n = 60). The mortality of patients
with high NLR was 28% compared to 15.7% of the group with normal NLR, and the mortality was 35.7% in those
with high PLR and 15.6% in those with normal PLR. In the crude analysis, the high NLR and PLR were significantly
associated with all-cause mortality (HR = 2.01; 95% CI 1.11–3.66) and (HR = 2.58; 95% CI 1.31–5.20). In the multivari‑
ate model, after adjusting for age, sex, serum creatinine, albumin and hemoglobin, the high NLR and PLR remained
as independent risk factors for all-cause mortality (aHR = 1.97; 95% CI 1.05–3.69) and (aHR = 2.62; 95% CI 1.25–5.51),
respectively.
Conclusion: Our study suggests the relationship between high NLR and PLR with all-cause mortality in patients with
CKD.
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Introduction
Chronic kidney disease (CKD) is defined as the presence as abnormalities of kidney structure or function,
present for more than 3 months, with implications for
health [1]. Currently, stakeholders recognized CKD as
a severe public health problem related to deterioration
in the quality of life and high costs for the health system [2]. Patients with CKD have a lower life expectancy
and a higher rate of cardiovascular complications, as

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Umeres‑Francia et al. Renal Replacement Therapy

(2022) 8:30

well as anemia, bone disease, infections and cancer
[3]. According to Global Burden of Disease, globally,
in 2017, 1–2 million people died from CKD, and the
global all-age mortality rate from CKD increased 41·5%
between 1990 and 2017 [4]. In Peru, for the period
2010–2016, the prevalence of CKD increased by 300%,
and although the standardized mortality rate decreased
by 10% it is still high for a country with limited economic resources [5]. Due to the high burden of the disease, it is essential to know the factors associated with
higher mortality.
Although there are different factors associated with
mortality in patients with CKD, there is interest in
searching for new markers. The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
are markers of chronic inflammation. These markers
are obtained easily from the quotient between neutrophil and lymphocyte or platelet and lymphocyte blood
counts, respectively [6–8]. Neutrophils are effector cells
of the immune system, which rise in inflammation and
generate an increase in oxidative stress [9]. Similarly,
platelets have immunomodulatory properties, which
lead to inflammation, thrombosis and cancer [10, 11].
Indeed, the contribution of interactions between neutrophils and platelets in infections and inflammatory
processes have begun to be intensively studied [12, 13].
Specific lymphocyte subtypes, such as Th2 and regulatory T, decrease inflammation by different routes,
such as GATA3 and FOXP3 [14]. Therefore, the elevation of the NLR and PLR reflects a pro-inflammatory
imbalance, as the effector cells are increased and the
regulatory cells are decreased. In CKD, the oxidative stress, an increase in pro-inflammatory cytokines
(PCR, IL-6, TNF-a) and the poor nutritional status
caused by this imbalance contribute to the progression
of disease [15].
The NLR and PLR have proven to be a marker of mortality and complications in pathologies such as heart
failure, peptic ulcer perforation, chronic obstructive
pulmonary disease, rheumatic diseases, neoplasms
and others [16–18]. In patients with CKD, the NLR
and PLR predict disease progression and the presence
of albuminuria [19, 20]. Although several studies have
suggested that both markers also predict mortality in
patients with CKD, there are contradictory results [21],
they are studies done in dialysis patients [22, 23], or
patients with CKD in stages 1–5, but in Asian population [24]. Because mortality and associated factors
differ according to the stage of the disease in Hispanic
population [25–27], this study aims to assess the association between NLR and PLR with all-cause mortality
in Peruvian patients with CKD who were attending tertiary hospital.
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Materials and methods
Population and study design

We conducted a retrospective, analytical and observational cohort study in a population consisted in patients
with chronic kidney disease (CKD) with stages 1–5 from
the Hospital Edgardo Rebagliati Martins (EsSalud) in
Lima, Peru. The inclusion criteria were as follows: Patient
with CKD who enters the “Surveillance system of the
Chronic Kidney Disease Management Unit” (SSCKD)
between 2016 and 2018 and patient with complete blood
count at the start of follow-up. The SSCKD is a program
of the Renal Health Unit of the Nephrology Department
of the Edgardo Rebagliati Martins Hospital, made up of
a multidisciplinary team made up of a nephrologist, a
nurse and a nutritionist for the diagnosis and follow-up
of patients with CKD derived from the services of primary care of the Healthcare Network of the hospital.
Primary care physicians screened CKD (GFR calculated
by Modification Dialysis formula Renal Disease 4—
MDRD4—and albumin/creatinine ratio in random urine)
in patients with risk factors: diabetes, arterial hypertension and/or > 55 years in their respective care centers.
Patients diagnosed with CKD stages 3, 4 and 5 (calculated
GFR < 60 mL/min/1.73 m2) were referrals for specialty
care.The creatinine was repeated, and GFR was calculated
using the MDR4 formula to corroborate the diagnosis of
CKD in the outpatient nephrology clinic. The exclusion
criteria were patients with CKD stage 5 in dialysis and
patient with a history of renal transplantation.
Sample and statistical power calculation

We conducted a census for the collection of participants
in the established study period. The total sample of our
study was 343 participants. For the statistical power calculation, we used the study by Tatar et al., who evaluated the association between high NLR and mortality
in elderly patients with CKD stages 3–5. In this study,
the survival reported in the Kaplan–Meier curves at 60
months after enrollment by the outpatient clinic in the
group with increased NLR was 50.5%, while in the group
with normal NLR, it was 85.6%. We carried out the calculations using a 95% confidence interval (CI) and obtained
a statistical power of 99%
Variables

The exposure variables were the neutrophil/lymphocyte
ratio (NLR) and the platelet/lymphocyte ratio (PLR),
defined as the quotient between neutrophil or platelet
count and lymphocyte count. We defined high or normal NLR and PLR using a cutoff point of 3.5 and 232.5,
respectively [14]. The primary outcome was mortality, a
dependent variable composed of the probability of dying
and the time until the development of the event in the
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follow-up. We used all-cause mortality, defined as deaths
from all causes in our sample in the study’s follow-up
period. The start of the follow-up time was admission to
SSCKD, and the end of follow-up was the date of death
or the end of follow-up, as appropriate. Other variables
of interest included age (years), sex, glomerular filtration
rate (GFR) (ml/min/1.73 m2), CKD stage (stratified into
three groups: initial stages (1 and 2), intermediate stages
(3a and 3b) and advanced stages (4 and 5), laboratory test
and comorbidities such as diabetes and hypertension,
diagnosed by your primary care physician.
Data collection procedure

We obtained a list of patients who entered the SSCKD
during the 2016–2018 period to collect the data. The
SSCKD was created for patients referred from primary
care centers attached to the hospital. In the healthcare
centers, the physician performed the CKD screening
estimating the GFR using the modification dialysis renal
disease 4 (MDRD4) formula and the albumin/creatinine ratio in urine at random. Then, physicians referred
patients with an estimated GFR < 60 mL/min/1.73 m2 for
care with the nephrologist. In the first visit, the nephrologist repeated creatinine and other laboratory data were
requested.
Subsequently, we reviewed the laboratory results
requested by the nephrologist for the patient’s admission
to the database, using the software called “RESULAB.”
We collected serum creatinine (mg/dL), glucose (mg/dL),
total protein (g/dL), albumin (g/dL), glutamic pyruvic
transaminases (U/L), glutamic oxaloacetic transaminases
(U/L), total bilirubin (mg/dL), alkaline phosphatase(U/L),
globulin (g/dL), hemoglobin (g/dL), platelets (K/uL), neutrophils (K/uL) and lymphocytes (K/uL). We determined
the vital status and date of death through the consultation of the National Registry of Identification and Civil
Status Web site (https://portaladminusuarios.reniec.gob.
pe/validacionweb/index.html#no-back-button).
For non-survivors patients, we collected the date of
death for any cause to establish the time until the event.
For those patients who did not die during the established
period, the closure of the follow-up was on October 31,
2019. We marked the beginning of the follow-up by the
patient’s admission to the SSCKD.
Statistical analysis

We summarize measures for the numerical and categorical variables. If the data distribution was symmetric, we
showed the variables as means with standard deviation
or, failing that, as medians with interquartile range. We
calculated the mortality rate as the number of deaths per
100 person-years of follow-up at risk.
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We applied the Student’s t test to compare numerical
variables with symmetrical distributions. If the distributions were asymmetrical, we used the Mann–Whitney U
test. The chi-square test was carried out to compare categorical variables. We used the Kaplan–Meier method
and the log-rank test to compare survival functions.
Next, we calculated the crude and adjusted Cox regression model or the proportional hazards model to contrast
the study hypothesis. We calculated crude and adjusted
hazard ratio (HR) with a 95% confidence interval (CI).
We entered the confounding variables into the adjusted
model with p < 0.05 in the crude analysis.
Additionally, we carried out a sensitivity analysis using
the best cutoff points of NLR and PLR for mortality. For
all this, we calculated the cutoff point for NLR and PRL
using the area under the curve and the Youden’s index.
Next, the 95% CI of both cutoff points was obtained using
bootstrap with thousand repetitions. Subsequently, we
carried out a multivariate Cox regression for both exposure variables defined with those cutoff points. Finally,
we verified compliance with the assumption of hazard
proportionality in all Cox regression models. All analyses
were performed with the STATA statistical package version 17.0.

Results
We reviewed 356 clinical records from patients with
CKD who entered SSCKD between 2016 and 2018. We
excluded 12 patients because they did not have complete
laboratory tests and did not present a death date. Finally,
we included 343 patients in the analysis. The mean age
was 78.3 (± 11.9) years, and the median follow-up time
was 2.45 years (2.08–3.08). In the population studied,
the predominant gender was male, with 62.9% (n = 216).
Regarding comorbidities, 64.7% were hypertension, while
30% had diabetes mellitus. On the other hand, the average of eGFR was 47.4 (± 10.5) ml/min/1.73 m
 2 and the
CKD stage included 22 (6.4%) patients in stages 1–2, 311
(90.7%) patients in stages 3a–3b and 10 (2.9%) patients in
stages 4–5. Demographic and laboratory characteristics
are shown in Table 1.
Regarding the exposure’s variables, 14.6% (n = 50)
had high NLR and 8.2% (n = 28) high PLR. In total,
17.5% (n = 60) died at the end of follow-up. Participants
with high NLR had elevated serum levels of alkaline
phosphatase (114 vs 100 U/L; p = 0.03) and platelets
(260 vs 234 K/uL; p < 0.01) than participants with normal NLR (Table 1). Participants with high PLR had a
lower average age (72.6 vs 78.8 years; p < 0.01), glutamic
oxaloacetic transaminase (19 vs 23 U/L; p = 0.02) and
hemoglobin (11.2 vs 12.2 g/dL; p < 0.01) compared to
participants with normal PLR. In contrast, participants
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Table 1 Clinical–epidemiological characteristics of the population with CKD according to the NLR level
Characteristics

All (n = 343)

NLR

p value

High (n = 50)
Age (years)*

Normal (n = 293)

78.3 (11.9)

76.8 (10.8)

78.5 (12.1)

Female

127 (37.1)

15 (30.0)

112 (38.2)

Male

216 (62.9)

35 (70.0)

181(61.8)

Yes

222 (64.7)

34 (68.0)

188 (64.2)

No

121 (35.3)

16 (32.0)

105 (35.8)

Yes

103 (30.0)

13 (26.0)

90 (30.7)

No

240 (70.0)

37 (74.0)

203 (69.3)

22 (6.4)

4 (8.0)

18 (6.1)

311 (90.7)

45 (90.0)

266 (90.8)

10 (2.9)

1 (2.0)

9 (3.1)

0.60

Hypertension**

0.50

Diabetes**

0.82

CKD stage**
1–2
3a–3b
4–5

0.33
0.27

Sex**

Laboratory profile
Serum creatinine (mg/dL)*
eGFR (ml/min/1.73 m2)*

1.4 (0.5)

1.4 (0.3)

1.4 (0.5)

0.92

47.4 (10.5)

47.6 (10.3)

47.4 (10.6)

0.88

Glucose (mg/dL)***

90 (83–104)

90 (83–103)

0.98

Total protein (g/dL)*

7.2 (0.6)

7.1 (0.6)

7.3 (0.6)

0.08

Albumin (g/dL)*

4.1 (0.4)

4.1 (0.4)

4.2 (0.4)

0.12

AST (U/L)***

23 (19–28)

23 (16–27)

23(19–28)

0.12

ALT (U/L)***

18(13–24)

19 (14–24)

18(13–24)

0.56

0.6 (0.4–0.8)

0.6 (0.5–0.8)

0.6 (0.4–0.8)

0.29

101 (82–128)

114 (85–148)

100 (82–124)

0.03

Total bilirubin (mg/dL)***
Alkaline phosphatase (U/L)***
Globulin (g/dL)*
Hemoglobin (g/dL)*
Platelets (K/uL)*

88.5 (82–109)

3.1 (0.7)

3.1 (0.6)

3.1 (0.8)

12.2 (1.7)

12.1 (1.7)

12.2 (1.7)

237.9 (82.4)

260.7 (10.6)

234.1 (78.1)

0.57
0.70
< 0.01

eGFR estimated glomerular filtration rate, CKD chronic kidney disease, AST aspartate aminotransferase, ALT alanine aminotransferase, NLR neutrophil–lymphocyte ratio
*Mean (standard deviation)
**Frequency (percent)
***Median (p25–p75)

with high PLR had elevated serum levels of neutrophils
(4.5 vs 3.9 K/uL; p = 0.03) (Table 2).
The mortality of patients with high NLR was 28%
compared to 15.7% of the group with normal NLR
(p = 0.03). Likewise, mortality was 35.7% in those
with high PLR and 15.6% in those with normal PLR
(p = 0.01). The mortality rate in the group with high
NLR was 12.5 deaths per 100 person-years of follow-up,
while in the group with high PLR, it was 16 deaths per
100 person-years of follow-up. Kaplan–Meier curves
showed a statistically significantly worse survival function for participants with high NLR and PLR at the end
of follow-up (Figs. 1 and 2).
Mean age was higher in the group of the dead (81.9
vs 77.5 years; p < 0.01), and there was more mortality

in males (21.3% vs 11%; p = 0.01). The most advanced
stages of chronic kidney disease had higher mortality,
9.1%, 16.4% and 70%, respectively. In the laboratory
profile, creatinine levels were higher in the dead group
(1.4 vs 1.6 mg/dL; p < 0.01). On the other hand, both
hemoglobin (11.7 vs. 12.3 g/dL; p = 0.03) and albumin
(4.0 vs. 4.2 mg/dL; p < 0.01) had lower values in the
dead group (Table 3).
In the crude model, the high NLR was significantly
associated with all-cause mortality (HR = 2.01; 95% CI
1.11–3.66). Likewise, the high PLR was significantly associated with all-cause mortality (HR = 2.58; 95% CI 1.31–
5.20) (Table 4).
In the multivariate model, after adjusting for age, sex,
serum creatinine, chronic kidney disease stage, albumin
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Table 2 Clinical–epidemiological
characteristics
population with CKD according to the PLR level
Characteristics

Age (years)*
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of

PLR

the
p value

High (n = 28)

Normal (n = 314)

72.6 (14.1)

78.8 (11.6)

< 0.01
0.33

Sex**
Female

8 (28.6)

119 (37.9)

20 (71.4)

195 (62.1)

Yes

16 (57.1)

206 (65.6)

No

12 (42.9)

108 (34.4)

Yes

10 (35.7)

92 (29.3)

No

28 (64.3)

222 (70.7)

Male

0.37

Hypertension**

0.48

Diabetes**

Fig. 1 Kaplan–Meier curves of the survival function according to
levels of neutrophil-to-lymphocyte ratio

CKD stage**
1–2

2 (7.2)

20 (6.4)

26 (92.8)

284 (90.4)

0 (0.0)

10 (3.2)

1.4 (0.3)

1.4 (0.5)

eGFR (ml/min/1.73 m2)*

49.0 (11.1)

47.2 (10.5)

Glucose (mg/dL)***

88.5 (77–112)

3a–3b
4–5

0.62

Laboratory profile
Serum creatinine (mg/
dL)*

0.94
0.40

90 (83–103)

0.47

Total protein (g/dL)*

7.1 (0.7)

7.2 (0.6)

0.15

Albumin (g/dL)*

4.0 (0.5)

4.1 (0.4)

0.06

AST (U/L)***

19 (18–25)

23 (19–28)

0.02

ALT (U/L)***

16 (12–24)

18 (13–24)

0.47

Total bilirubin (mg/dL)***
Alkaline phosphatase
(U/L)***
Globulin (g/dL)*

0.5 (0.44–0.70) 0.6 (0.45–0.79)
117 (91–146)

0.46

100 (81.5–126)

0.08

3.1 (0.5)

3.1 (0.8)

0.73

Hemoglobin (g/dL)*

11.2 (1.9)

12.2 (1.6)

< 0.01

Neutrophils (K/uL)*

4.53 (1.6)

3.89 (1.5)

0.03

eGFR estimated glomerular filtration rate, CKD chronic kidney disease, AST
aspartate aminotransferase, ALT alanine aminotransferase, PLR platelet–
lymphocyte ratio
*Mean (standard deviation)
**Frequency (percent)
***Median (p25–p75)

and hemoglobin, the high NLR and PLR remained as
independent risk factors for all-cause mortality
(aHR = 1.97; 95% CI 1.05–3.69) and (aHR = 2.62; 95% CI
1.25–5.51), respectively (Table 4).
In the sensitivity analysis of our data, the best cutoff
point that defines mortality for NLR was 2.3 (95% CI
1.24–3.41), while for PLR, it was 220.7 (95% CI 139.2–
302.1). There is an association between mortality and
leukocyte ratios with both cutoff points. With the NLR
cutoff point, we report an aHR = 2.07; 95% CI 1.21–3.54,
and with the PLR, we report an aHR = 3.09; 95% CI
1.55–6.16.

Fig. 2 Kaplan–Meier curves of the survival function according to
levels of platelet-to-lymphocyte ratio

Discussion
The present study suggests the relationship between
high NLR and PLR with all-cause mortality in patients
with CKD. Thus, patients with a high NLR or PLR
showed twice the risk of dying compared to those who
had these ratios within normal limits. Our results are
similar to a study conducted in 350 Japanese patients
with CKD in stages 1–4, in which a high NLR was associated with a higher probability of requiring dialysis and
death [15]. Likewise, they are similar to a study done in
165 Turkish patients with CKD in stages 1–3 that found
that a high NLR was associated with higher mortality
from all causes [21]. In contrast, Chinese patients with
CKD in stages 1–4 did not find an association between
NLR and cardiovascular mortality or of any cause [20].
Methodological differences can explain these discrepancies. Although the study included a more significant
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Table 3 Clinical–epidemiological
characteristics
population with CKD according to the vital status
Characteristics

Page 6 of 8

of

Vital status

the
p Value

Dead (n = 60) Alive (n = 283)
Age (years)*

81.9 (10.1)

77.5 (12.2)

Female

14 (11.0)

113 (89.0)

Male

46 (21.3)

170 (78.7)

Yes

41 (18.5)

181 (81.5)

No

19 (15.7)

102 (84.3)

Yes

24 (23.3)

79 (76.7)

No

36 (15.0)

204 (85.0)

< 0.01
0.01

Sex**

0.52

Hypertension**

0.06

Diabetes**

< 0.01

CKD stage**
1,2
3a–3b
4–5

2 (9.1)

20 (90.9)

51 (16.4)

260 (83.6)

7 (70.0)

3 (30.0)

Laboratory profile
1.6 (0.9)

1.4 (0.3)

eGFR (ml/min/1.73 m
 2)*

Serum creatinine (mg/dL)*

45.0 (11.5)

47.9 (10.2)

Glucose (mg/dL)***

91.5 (84–104)

< 0.01
0.05

90 (82–103)

0.55

Total protein (g/dL)*

7.2 (1.0)

7.3 (0.6)

0.27

Albumin (g/dL)*

4.0 (0.4)

4.2 (0.4)

< 0.01

AST (U/L)***

23 (19–27)

23 (19–28)

0.70

ALT (U/L)***

17.5 (14–23)

18.0 (13–24)

0.96

Total bilirubin (mg/dL)***
Alkaline phosphatase
(U/L)***
Globulin (g/dL)*

0.6 (0.4–0.8)

0.6 (0.5–0.8)

0.63

101 (80–132)

101 (82–127)

0.71

3.2 (0.6)

3.1 (0.8)

0.66

Hemoglobin (g/dL)*

11.7 (1.9)

12.3 (1.6)

0.03

Platelets (K/uL)*

225 (107.8)

240 (76.1)

0.20

3.9 (1.5)

0.49

Neutrophils (K/uL)*

4.1 (1.6)

eGFR estimated glomerular filtration rate, CKD chronic kidney disease, AST
aspartate aminotransferase, ALT alanine aminotransferase
*Mean (standard deviation)
**Frequency (percent)
***Median (p25–p75)

number of patients (938) and was multicenter, it also
had a smaller number of diabetic patients (23.8%) compared to the Japanese (37%), Turkish (41.4%) or in our
study (30%), and could explain these differences, due to
the higher mortality in diabetic patients [28]. Similarly,
the mean age of the Chinese patients was comparatively lower (52.8) than that of the patients in the Japanese (68), Turkish (73.8) and our studies (78.3), which
is essential because older age is associated with higher
mortality in CKD [29].
The association of NLR and survival is justified in that
it is a marker of inflammation that predicts complications

and mortality in patients with chronic diseases. This biomarker indicates an imbalance between effector cells
(neutrophils), which reflect oxidative stress and regulatory cells (lymphocytes), which decrease the pro-inflammatory state [30]. This relationship between neutrophil
count and lymphocyte count is a new measure of inflammation in different diseases with systemic inflammation
such as CKD [31]. Uncontrolled inflammation causes
glomerular, tubular and interstitial damage that leads
to renal hemodynamic imbalance and failure to control
blood pressure [30].
Regarding PLR and mortality, we have similar findings
to a study in patients with rapidly progressive glomerulonephritis in which both NLR and PRL were associated
with mortality [32]. However, a Turkish study does not
found association between PRL and mortality or the need
of dialysis, but the PRL group that died has a mean of
112 ± 267, while in our study a high PLR was considered
as cutoff > 232.5 [21]. In that sense, another study found
that relationship between PRL and mortality is not a linear relationship and that it can follow a curve in J-shaped
that differs according to ethnicity (PLR ≥ 83.18) and albumin (PLR ≥ 113.89)(42). It is likely that, as with NLR,
systemic inflammation may play a fundamental role.
An increase in platelets or an increase in lymphocytes
is typical to find in patients with inflammatory states
[33]. Platelet release can be modulated by inflammatory cytokines as a mechanism for rapid recovery, while
decreased lymphocytes may be due to increased lymphocyte apoptosis and suppressed lymphocyte production
caused by high cortisol levels in response to inflammation [33, 34]. However, it is necessary to emphasize that
PLR and NLR are not stable markers of the inflammatory status and depend on when they are measured. Its
values vary if the patient has a state of acute inflammation that affects the values of neutrophils/platelets and
lymphocytes.
Although the association between NLR, PLR and mortality may be related to more significant inflammation,
CKD progression would also be mediated because there
is higher mortality in the advanced stages of the disease
[34]. However, after sensitivity analysis, removing stage
4 and 5 participants, lymphocyte ratios remained as an
independent risk marker for mortality. This finding could
suppose other additional routes to the progression of
the disease to explain this association in our population.
Moreover, several studies reported NLR and PLR associated with albuminuria (regardless of GFR) and a decrease
in GFR [19, 35]. So, this finding becomes relevant due to
the association between albuminuria, CKD progression
and mortality [32, 33].
Our study has limitations. First, being a retrospective study, the data obtained could have deficiencies in
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Table 4 Cox regression analysis for the association between high leukocyte ratios and all-cause mortality in the study population
Exposures

Crude analysis

Adjusted analysis*

HR

95% CI

p value

HR

95% CI

p value

Normal

Ref

–

–

Ref

–

–

High

2.01

(1.11–3.66)

0.02

1.97

(1.05–3.69)

0.03

Normal

Ref

–

–

Ref

–

–

High

2.58

(1.31–5.20)

0.02

2.62

(1.25–5.51)

0.01

NLR

PLR

Bolded values indicate that the CDK stage is not included due to collinearity with serum creatinine
HR hazard ratio, CI confidence interval, NLR neutrophil–lymphocyte ratio, PLR platelet–lymphocyte ratio
*Adjusted for age, sex, serum creatinine, albumin and hemoglobin

its registration. Second, there is the possible inclusion
of patients with subclinical inflammatory and infectious diseases, which are not registered in the SSCKD
or RESULAB database. Third, no other possible factors that could potentially influence mortality, such as
nutritional status, albuminuria, cardiovascular disease,
obesity, smoking and acute renal injury, have been
evaluated. Fourth, by the design of our study, we can
only assume that lymphocyte ratios are biomarkers of
risk and not of causality. Fifth, our database does not
include specific causes of death, nor did they identify
the source of subclinical inflammation or other confusers as hypertension or diabetes, liver and lung diseases, malignancy and lifestyle factors such as smoking
and chronic alcohol consumption, obesity or socioeconomic status. Sixth, any possible condition of acute
inflammation in the patients that could affect the PLR
and NLR values was not evaluated. Seventh, although
we used the classification of CKD according to the
GFR, albuminuria was not included, which was not
available at the time of the evaluation. Eighth, we could
not exclude some acute diseases that can affect PLN
and NLR values. Finally, the measurement of the ratios
has only been carried out at the beginning of the follow-up; therefore, we do not evaluate variations in time
and influence on the mortality.
In conclusion, our study suggests the relationship
between high NLR and PLR with all-cause mortality
in patients with CKD. The patients with a high NLR or
PLR showed twice the risk of dying compared to those
who had these ratios within normal limits. These ratios
are constructed with values usually collected in hemograms commonly used for patient follow-up. Being
constructed based on a cheap and common examination and, due to our results, we believe that it could be
considered within the usual practice in resource countries limited.
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