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Neutrophil-lymphocyte ratio acts as a novel diagnostic biomarker
for kidney stone prevalence and number of stones passed
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Background: This study evaluated the relationship between inflammatory biomarkers and the prevalence
of kidney stones and number of stones passed.

Methods: We conducted a cross-sectional study of adult participants (>20 years) in the National Health and
Nutrition Examination Survey (NHANES) from 2007 to 2014. We calculated key inflammatory biomarkers,
such as the systemic immune-inflammation index (SII), neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR) and monocyte-lymphocyte ratio (MLR). Multivariate logistic regression analysis was
used to determine the effect of inflammatory biomarkers on the prevalence of kidney stones and number of
stones passed.

Results: A total of 21,106 participants were included in the final study, and 1,864 patients reported a
history of kidney stones (including 292 who had passed no stones, 1,462 who had passed stones 1-5 times,
and 110 who had passed stones >5 times). The chi-square test showed that the NLR, MLR and SII were
closely related to the occurrence of kidney stones and the number of stones passed. Multivariate logistic
regression analysis showed that a high NLR (>1.72) was associated with an increased prevalence of kidney
stones and number of stones passed (OR =1.18, 95% CI: 1.03-1.36, P=0.019).

Conclusions: A convenient biomarker, the NLR can be used as a good predictor for the diagnosis of
kidney stones and number of stones passed; these findings are worthy of further research and application in

clinical practice.
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Introduction its incidence is increasing worldwide (1). Nephrolithiasis

One of the most common urinary diseases is nephrolithiasis, occurs when the balance between solubility and precipitation

which refers to stones that occur in the renal calyx, renal of stone-forming salts in the urinary tract and kidney

pelvis and the junction of the renal pelvis and ureter, and is disrupted (2). Between 2013 and 2014, the adjusted
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prevalence of kidney stones in Chinese adults was 5.8% (3).
Nephrolithiasis typically involves repeated occurrences,
which indicates a higher recurrence rate and worse clinical
prognosis (4).

There are few studies on the role of immune responses
and inflammatory cells in the formation of kidney stones.
Some studies have shown that the retention of crystals
is mediated by excessive production of reactive oxygen
species and subsequent oxidative stress and inflammation
(5-7). The levels of neutrophils, platelets, lymphocytes
and acute phase proteins change during this inflammatory
response. There are many inflammatory indicators that
can be combined to function as biomarkers, including the
systemic immune-inflammation index (SII), neutrophil-
lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR)
and monocyte-lymphocyte ratio (MLR). Considering
the growing evidence of the relationship between kidney
stones and inflammatory diseases, we examined whether
the levels of key inflammatory biomarkers mentioned above
are associated with the prevalence of kidney stones and the
number of stones passed

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-890).

Methods
Study population

The National Health and Nutrition Examination Survey
(NHANES) uses a complex, probability-based sampling
design to collect information from different populations
through standardized interviews, physical examinations,
and laboratory tests to assess the health and nutritional
status of noninstitutionalized civilians in the United States.
Since 1999, the data have been released every two years for
research use.

In this study, we used public data from four NHANES
cycles (2007-2008, 2009-2010, 2011-2011 and 2013-
2014). More information about the data are available
on the NHANES website (www.cdc.gov/nchs/nhanes/).
Between 2007 and 2014, there were 40,617 participants in
NHANES. We first excluded 30 participants who reported
a history of hematological tumors (n=7) or leukemia (n=23).
The subsequent exclusion criteria were as follows: (I)
incomplete stone investigation (n=17,201); (II) unknown
platelet count (n=1,926); (III) unknown lymphocyte count
(n=43); (IV) unknown/abnormal neutrophil count (n=2);
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(V) unknown body mass index (BMI) (n=269); and (VI)
unknown number of kidney stone occurrences (n=40). After
excluding these factors, 21,106 participants were included
in the final study.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study
used previously collected deidentified data, which was
deemed exempt from review by the Ethics Committee of

the Affiliated Zhongda Hospital of Southeast University.

Study variables and outcome

The SII, NLR, PLR and MLR are the main predictors of
outcomes measured in this study. The SII is calculated as
the platelet count x neutrophil count/lymphocyte count;
the NLR is the neutrophil count/lymphocyte count; the
PLR is the platelet count/lymphocyte count; and the MLR
is the monocyte count/lymphocyte count. The lymphocyte
count, platelet count and monocyte count can be obtained
directly from laboratory data files. The neutrophil count is
calculated from the white blood cell count and neutrophil
percentage. Other covariates included sex (male or female),
age (20-39 years, 40-59 years and 60+ years), race (non-
Hispanic white, non-Hispanic Black, Mexican American,
other Hispanic and other), marital status (married,
unmarried and other), participation in participation in
vigorous recreational activities (yes or no), participation
in moderately or vigorous recreational activities (yes or
no), education level (less than high school, high school or
equivalent, college or above and other), and BMI (<25.0,
25.0-29.9 and >30.0 kg/m’). Hypertension and diabetes are
defined as self-reported physician-diagnosed hypertension
or diabetes.

The end points of the study were the history of kidney
stones and the occurrence of kidney stone episodes. The
end points were extracted from the questionnaire data file.
Participants who answered “No” to the question “Have you
ever had kidney stones?” were considered to have no history
of kidney stones. For participants who answered “Yes”, we
also documented their answer to the “How many times
have you passed a kidney stone?” question. For those who
answered “0”, we considered them as not having passed
stones, and for those who answered “1-80”, we considered
them as having passed stones.

Statistical analysis

The participants were divided into four groups: the no
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Figure 1 Schematic overview for patient identification.

stone group, the no-stones-passed group, the stones-passed
1-5 times group and the stones-passed >5 times group. We
used MedCalc software (version 15.2.0) to determine the
cutoff values for the SII, NLR, PLR, and MLR. The mean
+ standard deviation is used to describe the distribution
of continuous variables, and the proportion is used to
describe the distribution of categorical variables. Chi-square
analysis was used to evaluate the clinical characteristics of
all participants. A multivariate logistic regression model
was used to evaluate the adjusted odds ratio (OR) and 95%
confidence interval (CI) of factors related to kidney stones
and the number of kidney stones passed. All statistical
analyses were performed using SPSS (version 24.0), and
graphs were generated by GraphPad (version 8.0.2).
P<0.05 (two-tailed) was considered to indicate statistical
significance.

Results

Based on the screening criteria in Figure I, we included

© Translational Andrology and Urology. All rights reserved.

79

21,106 qualified participants from the NHANES database
from 2007 to 2014. Table 1 shows the clinical characteristics
of all participants. Among them, 19,242 were in the no
stone group, 292 in the no-stones-passed group, 1,462 in
the stones passed 1-5 times group and 110 in the stones
passed >5 times group. The chi-square test showed
significant differences among several variables, including
sex (P<0.001), age (P<0.001), race (P<0.001), marital
status (P<0.001), participation in moderately or vigorous
recreational activities (P<0.001), hypertension (P<0.001),
diabetes (P<0.001), BMI (P=0.004), the SII (P=0.001), the
NLR (P<0.001) and the MLR (P<0.001). We found that the
proportion of males, non-Hispanic whites, no participation
in activities, married, college or above, hypertension,
diabetes/borderline, obese, SII >44.37, NLR >1.72 and
MLR >0.29 in the group with stones passed >5 times was
significantly higher than that in the other three groups.

We focused on investigating the expression of four
inflammatory biomarkers (the SII, NLR, PLR and MLR)
in the four groups. We found that the levels of the SII
(534.26+336.33, 545.91£370.32, 557.27+330.87, and
613.39:405.50) and NLR (2.18£1.94, 2.30+1.19, 2.35+1.30,
and 2.52+1.31) increased progressively (Figure 2) in the
no stone group, no stones passed group, stones passed 1-5
times group and stones passed >5 times group, and the
proportion of participants with the SII >44.37, NLR >1.72
and MLR >0.29 showed an increase in each subsequent
group (Figure 3).

To further determine the risk factors related to the
prevalence of kidney stones and the number of stones
passed, we subsequently conducted a multivariate logistic
regression analysis (Table 2). The results showed that the
prevalence of kidney stones and the number of stones
passed were related to sex, age, race, participation in
moderately or vigorous recreational activities, BMI and
the NLR. We found that female participants had a lower
risk of kidney stones (vs. male participants OR =0.73, 95%
CI: 0.66-0.81, P<0.001). Patients aged 40-59 years (vs. 20—
39 years OR =1.21, 95% CI: 1.08-1.36, P=0.001), 60+ years
(vs. 20-39 years OR =1.83, 95% CI: 1.58-2.13, P<0.001),
who did not participate in activities (vs. participation in
activities OR =1.20, 95% CI: 1.03-1.40, P=0.017), who did
not participate in moderately vigorous recreational activities
(vs. participation in moderately vigorous recreational
activities OR =1.13, 95% CI: 1.02-1.26, P=0.022), who
were overweight (vs. normal OR =1.15, 95% CI: 1.03-1.29,
P=0.015) and who had obesity (vs. normal OR =1.50, 95%
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Table 1 Baseline characteristics of 21106 NHANES participants between 2007 and 2014

Characteristic Total, None-stone No stone pass, Stone pass Stone pass P value
no. (%) formers, no. (%) no. (%) 1-5 times, no. (%) >5 times, no. (%)

Total patients 21,106 19,242 (91.2) 292 (1.4) 1462 (6.9) 110 (0.5)

Sex <0.001
Male 10,222 (48.4) 9,184 (47.7) 127 (43.5) 836 (57.2) 75 (68.2)
Female 10,884 (51.6) 10,058 (52.3) 165 (56.5) 626 (42.8) 35(31.8)

Age <0.001
20-39 years 7,138 (33.8) 6,781 (35.2) 47 (16.1) 293 (20.0) 17 (15.5)
40-59 years 7,056 (33.4) 6,426 (33.4) 95 (32.5) 489 (33.4) 46 (41.8)
60+ years 6,912 (32.7) 6,035 (31.4) 150 (51.4) 680 (46.5) 47 (42.7)

Race <0.001
Non-Hispanic white 9,385 (44.5) 8,305 (43.2) 150 (51.4) 850 (58.1) 80 (72.7)
Non-Hispanic black 4,297 (20.4) 4,064 (21.1) 60 (20.5) 169 (11.6) 4(3.6)
Mexican American 3,153 (14.9) 2,924 (15.2) 36 (12.3) 188 (12.9) 5(4.5)
Other Hispanic 2,154 (10.2) 1,954 (10.2) 25 (8.6) 160 (10.9) 15(13.6)
Other 2,117 (10.0) 1,995 (10.4) 21(7.2) 95 (6.5) 6 (5.5)

Marital status <0.001
Married 10,914 (51.7) 9,822 (51.0) 155 (53.1) 864 (59.1) 73 (66.4)
Unmarried 8,595 (40.7) 7,937 (41.2) 125 (42.8) 505 (34.5) 28 (25.5)
Other 1,597 (7.6) 1,483 (7.7) 12 (4.1) 93 (6.4) 9(8.2)

Vigorous recreational activities <0.001
Yes 4,329 (20.5) 4,079 (21.2) 40 (13.7) 198 (13.5) 12 (10.9)
No 16,777 (79.5) 15,163 (78.8) 252 (86.3) 1264 (86.5) 98 (89.1)

Moderate recreational activities <0.001
Yes 8,355 (39.6) 7,705 (40.0) 101 (34.6) 504 (34.5) 45 (40.9)
No 12,751 (60.4) 11,537 (60.0) 191 (65.4) 958 (65.5) 65 (59.1)

Education
Less than high school 5,476 (25.9) 4,976 (25.9) 94 (32.2) 386 (26.4) 20 (18.2) 0.064
High school or equivalent 4,791 (22.7) 4,342 (22.6) 74 (25.3) 343 (23.5) 32 (29.1)
College or above 10,818 (51.3) 9,904 (51.5) 124 (42.5) 732 (50.1) 58 (562.7)
Other 21(0.1) 20 (0.1) 0(0.0) 1(0.1) 0(0.0)

Hypertension <0.001
Yes 7,513 (35.6) 6,562 (34.1) 165 (56.5) 722 (49.4) 64 (58.2)
No 13,568 (64.3) 12,658 (65.8) 125 (42.8) 740 (50.6) 45 (40.9)
Unknown 25(0.1) 22 (0.1) 2(0.7) 0(0.0 1(0.9)

Table 1 (continued)
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Table 1 (continued)
Characteristic Total, None-stone No stone pass, Stone pass Stone pass P value
no. (%) formers, no. (%) no. (%) 1-5 times, no. (%) >5 times, no. (%)

Diabetes <0.001
Yes 2,572 (12.2) 2,182 (11.3) 64 (21.9) 300 (20.5) 26 (23.6)
No 18,058 (85.6) 16,649 (86.5) 219 (75.0) 1,112 (76.1) 78 (70.9)
Borderline 462 (2.2) 400 (2.1) 9(3.1) 47 (3.2) 6 (5.5)
Unknown 14 (0.1) 11 (0.1) 0(0.0) 3(0.2) 0(0.0)

BMI (kg/m?) <0.001
Normal (<25.0) 6,255 (29.6) 5,877 (30.5) 63 (21.6) 301 (20.6) 14 (12.7)
Overweight (25.0-29.9) 7,014 (33.2) 6,369 (33.1) 101 (34.6) 511 (35.0) 33 (30.0)
Obese (=30.0) 7,837 (37.1) 6,996 (36.4) 128 (43.8) 650 (44.5) 63 (57.3)

SlI 0.001
<444.37 9,889 (46.9) 9,090 (47.2) 126 (43.2) 636 (43.5) 37 (33.6)
>444.37 11,217 (563.1) 10,152 (52.8) 166 (56.8) 826 (56.5) 73 (66.4)

NLR <0.001
<1.72 8,046 (38.1) 7,472 (38.8) 99 (33.9) 443 (30.3) 32 (29.1)
>1.72 13,060 (61.9) 11,770 (61.2) 193 (66.1) 1,019 (69.7) 78 (70.9)

PLR 0.093
<120.00 11,258 (53.3) 10,212 (53.1) 162 (55.5) 823 (56.3) 61 (55.5)
>120.00 9,848 (46.7) 9,030 (46.9) 130 (44.5) 639 (43.7) 49 (44.5)

MLR <0.001
<0.29 13,493 (63.9) 12,419 (64.5) 173 (69.2) 839 (57.4) 62 (56.4)
>0.29 7,613 (36.1) 6,823 (35.5) 119 (40.8) 623 (42.6) 48 (43.6)

BMI, body mass index; Sll, systemic immune-inflammation index; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MLR,

monocyte-lymphocyte ratio.

CI: 1.31-1.71, P<0.001) had a higher risk of kidney stones.
In addition, of the four inflammatory biomarkers, only the
NLR was associated with the prevalence of kidney stones
and the number of stones passed (NLR >1.72 vs. NLR
<1.72 OR =1.18, 95% CI: 1.03-1.36, P=0.019).

Discussion

In this retrospective study, we used the NHANES database,
which can be assumed to represent the population of the
United States. Our results showed for the first time that
the SII, NLR and MLR increased, and the proportion of
the SII >444.37 and MLR >0.29 increased as the incidence

© Translational Andrology and Urology. All rights reserved.

of kidney stones increased from the no-stone group, no-
stones-passed group, stones passed 1-5 times group and
stones passed >5 times group. There was a significant
correlation between higher SII, NLR and MLR values
and the self-reported prevalence of kidney stones and
the number of stones passed. After adjusting for other
confounding factors, only the NLR was associated with
the prevalence of kidney stones and the number of stones
passed. This indicates that the upregulated NLR can be
regarded as a powerful indicator for the diagnosis of kidney
stone prevalence and number of stones passed.

Kidney stones are a common and frequently occurring
condition that seriously affects human health, and as the
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Figure 2 The values of SII, NLR, PLR and MLR for different groups. (A) SII; (B) NLR; (C) PLR; (D) MLR. SII, systemic immune-
inflammation index; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MLR, monocyte-lymphocyte ratio.

prevalence of stones increases, the cost of medical care
related to stones significantly increases as well (8). Among
kidney stones, calcium oxalate stones are the most common,
accounting for approximately 80% (9). The recurrence
rate of kidney stones is very high, 50% in 5-10 years, and
patients with recurrent stones are more likely to have
more recurrences (10). The specific pathogenesis of kidney
stones is still unclear. In recent years, the role of oxidative
stress and the inflammatory response in the occurrence and
development of kidney stones has provoked widespread
concern among scholars. An increasing number of studies
have confirmed that oxidative stress and inflammatory
responses are closely related to the formation of kidney
stones (6,11,12).

Oxidative stress and inflammatory responses play an
important role in a variety of crystal-related diseases, such

© Translational Andrology and Urology. All rights reserved.

as gout (uric acid crystals), silicosis (silica crystals), and
atherosclerosis (cholesterol crystals) (13-15). Kidney stones
are also a crystal-related disease, and oxalate crystals and
other components in urine can lead to oxidative stress and
inflammatory responses in tissue and cells, resulting in the
release of inflammatory cells and inflammatory factors (16).

During inflammation, the levels of neutrophils, lymphocytes
and C-reactive protein (CRP) change. Neutrophils can
release inflammatory factors (such as IL-8, IL-6, and
neutrophil elastase), and lymphocytes can secrete cytokines
(e.g., interferon-y and tumor necrosis factor-a) (17).
As a simple peripheral blood indicator that can better
reflect the level of systemic inflammation compared with
lymphocytes, an increase in the NLR indicates an increase
in neutrophils, which promote inflammation (18). As
a biomarker of acute and chronic phase inflammation
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Figure 3 The proportion of SII, NLR, PLR and MLR in different groups. (A) SII; (B) NLR; (C) PLR; (D) MLR. SII, systemic immune-
inflammation index; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; MLR, monocyte-lymphocyte ratio.

(19,20), CRP has been proven to be associated with kidney
stones. Shoag et 4/. (21) found a significant correlation
between serum CRP levels and self-reported kidney stones
in younger individuals.

Because routine blood examination is economical, easy
to perform and encompasses a large number of useful
parameters, it should be fully applied in the diagnosis and
management of kidney stones, which is worthy of further
discussion.

Our research also has certain limitations. First, our
study is based on the NHANES database, which is a cross-
sectional study; further research requires a prospective
study. Second, there is no information in the NHANES

© Translational Andrology and Urology. All rights reserved.

database about the type of kidney stones. Moreover,
NHANES survey results are based on participants’ self-
reported data and require the use of a diagnostic test;
further, the complete kidney stone history is not available.

Conclusions

Overall, this study found that a higher NLR was closely
associated with self-reported kidney stones and the number
of stones passed. Because the NLR is a convenient and
economical biomarker derived from a routine blood
examination, it may play an important role in the screening
and prevention of kidney stones in future clinical practice.

Transl Androl Urol 2021;10(1):77-86 | http://dx.doi.org/10.21037/tau-20-890



84

Table 2 Multivariate logistical regression analysis of risk factors

Characteristic Adjusted OR (95% ClI) P value
Sex

Male Reference

Female 0.73 (0.66-0.81) <0.001
Age

20-39 years Reference

40-59 years 1.21 (1.08-1.36) 0.001

60+ years 1.83 (1.58-2.13) <0.001
Race

Non-Hispanic white Reference

Non-Hispanic black 0.58 (0.47-0.70) <0.001

Mexican American 1.35 (1.07-1.70) 0.012

Other Hispanic 0.94 (0.74-1.17) 0.585

Other 0.70 (0.55-0.89) 0.004
Marital status

Married Reference

Unmarried - 0.776

Other - 0.114
Vigorous recreational activities

Yes Reference

No 1.20 (1.03-1.40) 0.017
Moderate recreational activities

Yes Reference

No 1.13 (1.02-1.26) 0.022
Education

Less than high school Reference

High school or equivalent - 0.652

College or above - 0.613

Other - 0.617
Hypertension

Yes Reference

No - 0.856

Unknown - 0.472
Diabetes

Yes Reference

No - 0.265

Borderline - 0.086

Unknown - 0.207

Table 2 (continued)

© Translational Andrology and Urology. All rights reserved.

Mao et al. NLR and kidney stone prevalence and stone pass number

Table 2 (continued)

Characteristic Adjusted OR (95% ClI) P value
BMI (kg/m?)

Normal (<25.0) Reference

Overweight (25.0-29.9) 1.15(1.03-1.29) 0.015

Obese (=30.0) 1.50 (1.31-1.71) <0.001
Sl

<444.37 Reference

>444.37 - 0.398
NLR

<1.72 Reference

>1.72 1.18 (1.03-1.36) 0.019
PLR

<120.00 Reference

>120.00 - 0.545
MLR

<0.29 Reference

>0.29 - 0.928

BMI, body mass index; SlI, systemic immune-inflammation index;
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte
ratio; MLR, monocyte-lymphocyte ratio.
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