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Background: This retrospective study aimed to investigate the usefulness of neutrophil-to-lymphocyte
ratio (NLR) and platelet-to-lymphocyte ratio (PLR) for organ involvement and disease activity in newly
diagnosed juvenile systemic lupus erythematosus (jSSLE).

Methods: A total of 186 jSLE inpatients were included for analysis. All participants’ clinical characteristics
and laboratory data were obtained from medical records. The Systemic Lupus Erythematosus Disease
Activity Index 2000 (SLEDAI-2K) score scale was used to assess disease activity. Mann-Whitney U test
and Kruskal-Wallis test were performed for non-parametric variables between the groups. Spearman rank
correlation coefficient was used to analyze correlations between variables.

Results: The NLR was significantly higher in participants with serositis as compared those without
serositis [2.72 (1.71-5.0) vs. 2.08 (1.42-3.15), P=0.038]. The PLR was significantly higher in participants
manifesting symptoms of cutaneous rash [130.0 (92.6-235.0) vs. 112.0 (49.3-169.0), P=0.002], and arthritis
[167.0 (106.0-243.0) vs. 106.0 (53.6-176.0), P<0.001], as compared to participants without such involvement.
The PLR in participants with hematological involvement was significantly lower than in those without such
involvement [111.0 (53.6-191.0) vs. 138.0 (107.0-185.0), P=0.016]. The PLR in participants with positive
anti-Smith (anti-Sm) antibody was significantly higher than that in those with negative anti-Sm antibody
[140.0 (91.6-228.0) vs. 114.0 (60.9-176.0), P=0.006]. The NLR showed positive correlations with serositis
(r=0.153, P=0.037), complement C3 and C4 (r=0.152, P=0.038 and r=0.177, P=0.016, respectively). The
PLR showed positive correlations with cutaneous rash (r=0.227, P=0.002), arthritis (r=0.290, P<0.001),
anti-Sm antibodies (r=0.20, P=0.006) and erythrocyte sedimentation rate (ESR, r=0.159, P=0.03). Negative
correlations were found between PLR and hematological involvement (r=-0.177, P=0.015).

Conclusions: Both the NLR and PLR had correlations with serological indicators, and may predict organ

involvement in jSLE, particularly cutaneous, arthritis, serositis, and haematological involvement.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic systemic
inflammatory autoimmune disease, characterized by various
autoantibodies in serum and involvement of multiple
systems. The age of onset of SLE influences its clinical
characteristics (1,2). The onset of SLE prior the age of
18 is called juvenile systemic lupus erythematosus (jSSLE).
Previous studies have demonstrated that there are several
differences in clinical manifestations and serological profiles
between jSLE and adult-onset SLE (aSLE) (3,4). A meta-
analysis showed adverse clinical features such as malar rash,
hematologic and renal involvements were more common
in jSLE than in aSLE (4). Compared to aSLE, jSLE had
more disease activity and a significant association with anti-
double stranded (ds) DNA antibody (5).

Neutrophils, lymphocytes, and platelets play
important roles in the course of various diseases. It has
been demonstrated that circulating complete blood
cell count (CBC) subsets induce relative changes in
systemic inflammation, which is mainly characterized by
lymphopenia and neutrophilia (6). It was found that the
incidence of lymphopenia was up to 82% in SLE patients,
followed by leukopenia (up to 41.8%), and neutropenia (up
to 40.0%) (7). In recent years, there has been a growing
interest in the role of CBC parameters to estimate disease
activity in some auto-immune diseases. Neutrophil-to-
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio
(MLR), and platelet-to-lymphocyte ratio (PLR), as CBC
parameters, have recently shown to be useful markers of
inflammation in autoimmune and inflammatory disorders
(8-10). Previous studies have reported that NLR and PLR
were related to disease activity and organ involvement in
SLE patients (11). Wu ez 4l. found that NLR and PLR were
useful inflammatory markers for assessment of SLE disease
activity and an increasing of NLR was positively correlated
with lupus nephritis (LN) (12). Li ez 4l. reported NLR as a
marker for SLE nephritis (13). The NLR may be used as a
marker for predicting the outcome of SLE (14). Both NLR
and PLR are easily available and inexpensive laboratory
parameters which are convenient for clinicians to assess the
disease activity.

However, data is scarce regarding the value of NLR, MLR,
and PLR in jSLE patients. In this retrospective study, we
analyzed the potential association between NLR, MLR, PLR,
and organ involvement and disease activity in jSLE patients.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1995).
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Methods
Patients

In this retrospective study cohort, 186 inpatients with
onset of SLE at younger than 18 years old were enrolled
from the Department of Rheumatology and Immunology
of Meizhou People’s Hospital between January 2010 and
December 2020. All patients fulfilled at least 4 criteria
of the 1997 American College of Rheumatology (ACR)
revised classification criteria for SLE (15), and were newly
diagnosed without having received glucocorticoid or
immunosuppressant medication. Patients who co-presented
with other chronic inflammatory diseases, infection, or
other autoimmune diseases at the time of diagnosis were
excluded. All participants were of Han Chinese ancestry.
All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Research and Ethics Review Committee of Meizhou
People’s Hospital (NO.: 2020-C-66). Individual consent for
this retrospective analysis was waived.

Clinical and serological data

The medical records included gender, age of disease
onset, age at diagnosis, clinical manifestations, laboratory
data, and disease activity. The time when the first
symptoms occurred was defined as the age of disease
onset. According to the ACR classification criteria, malar
rash, discoid rash, photosensitivity, oral ulcers, arthritis,
serositis, hematological dyscrasia, lupus nephritis, and
neuropsychiatric disorder were recorded as clinical
manifestations at the time of diagnosis. Hematological
dyscrasia included leucopenia (leucocytes less than
4,000 cells/mm’), lymphopenia (lymphocytes less than
4,000 cells/mm’), thrombocytopenia (platelets less than
100,000 cells/mm’*), and anemia. Lupus nephritis (LN) was
defined as proteinuria no less than 0.5 g/24 h, renal biopsy,
the presence of hematuria, or rising serum creatinine.
Renal biopsy findings were classified according to the
International Society of Nephrology/Renal Pathology
Society (ISN/RPS) 2003 classification criteria (16).

The immunological data included: serum complement
levels (C3 and C4), antinuclear antibodies (ANA), anti-
double stranded (ds) DNA antibodies, anti-Smith (Sm)
antibodies, anti-ribonucleoprotein (RNP) antibodies, anti-
Sjogren’s-syndrome-related antigen A autoantibodies (SSA)/
Ro antibodies, anti-Sjogren’s-syndrome-related antigen B
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Table 1 Demographic and clinical characteristics of jSLE patients

at diagnosis (n=186)

Parameter Outcome

Demographic characteristic
Female gender, n (%) 162 (87.1)
Age of onset (years), median [IQR] 14 [12-17]
Age at diagnosis (years), median [IQR] 14.5 [12-17]

Clinical characteristics
Malar rash/discoid lupus, n (%) 99 (53.2)
Oral ulcers, n (%) 28 (15.1)
Arthritis, n (%) 69 (37.1)
LN, n (%) 97(52.2)
Serositis, n (%) 42 (22.6)
Hematological involvement, n (%) 129 (69.4)
Neutrophils, x10%L, median (IQR) 2.85(2.1-4.2)
Lymphocytes, x10%L, median (IQR) 1.3 (0.9-1.9)
Monocytes, x10%L, median (IQR) 0.4 (0.2-0.5)

Platelet, x10%/L, median (IQR)
NLR, median (IQR)

MLR, median (IQR)

PLR, median (IQR)

ESR, median (IQR)

C3 level, median (IQR)

C4 level, median (IQR)

91.8 (166.0-233.3)
2.2 (1.5-3.5)
0.27 (0.2-0.4)
115.0 (62.7-185.3)
36.0 (23.0-75.0)
0.36 (0.22-0.67)
0.05 (0.03-0.11)

ANA Ab positivity, n (%) 186 (100.0)
Anti-dsDNA Ab positivity, n (%) 175 (94.1)
Anti-Sm Ab positivity, n (%) 77 (41.4)
Basal SLEDAI score, median (IQR) 9.5 (5.0-15.0)

JSLE, juvenile systemic lupus erythematosus; LN, lupus
nephritis; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-
to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ESR,
erythrocyte sedimentation rate; Ab, antibody; C3, complement
component 3; C4, complement component 4; ANA, antinuclear
antibodies; anti-dsDNA Ab, anti-double strained deoxyribonucleic
acid antibodies; anti-Sm Ab, anti-Smith antibodies; SLEDAI,
systemic lupus erythematosus disease activity index.

autoantibodies (SSB)/La antibodies, anticardiolipin (aCL)
antibodies [immunoglobulin G (IgG) and immunoglobulin
M (IgM)], and direct Coomb’s test. Serum complement

levels were detected by immunoturbidimetry; ANA was
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detected by indirect immunofluorescence using Hep-2
cells, and a titre of 21:100 was defined positive. Other
antibodies were detected by enzyme linked immunosorbent
assay (ELISA). The SLE Disease Activity Index-2000
(SLEDAI-2K) was used to assess disease activity at the
time of diagnosis (17). Participants with a score <6 were
considered mild activity, those with a score of 7-12 were
considered moderate activity, and with a score >12 were
considered highly active (18). Participants were then
classified into 3 groups, as follows: mild active (SLEDAI-2K
<6), moderately active (SLEDAI-2K, 7-12), and highly
active (SLEDAI-2K >13) SLE disease.

Statistical analysis

The statistical software SPSS 22.0 (IBM Corp., Chicago,
IL, USA) was used to analyze all data. Continuous variables
were presented as mean = standard deviation (SD).
Categorical variables were expressed as frequency and
percentage. Mann-Whitney U test and Kruskal-Wallis test
were performed for non-parametric variables between the
groups. Spearman’s rank correlation coefficient was used to
analyze correlation between variables. A P value <0.05 was
considered statistically significant.

Results
Demographic data and clinical parameters

Demographic data and clinical characteristics of 186 jSLE
inpatients are shown in 7able 1. There were 162 girls
(87.1%) and 24 boys (12.9%) in this cohort, and the ratio of
female to male was 6.8:1. The median age of disease onset
was 14 years (5-17 years), and the median age of diagnosis
was 14.5 years (5-17 years).

The most common clinical manifestation was
hematological involvement (69.4%), followed by cutaneous
rash (53.2%), LN (52.2%), and arthritis (37.1%). The
laboratory findings showed that ANA was positive in all
participants. Anti-dsDNA antibody and anti-Sm antibody
positivity were detected in 175 (94.1%) and 77 participants
(41.4%), respectively.

The comparison of NLR, MR, and PLR in various
clinical manifestations of organ involvement and disease
activity in jSLE patients

As shown in Table 2, NLR was significantly higher in
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participants with serositis as compared to those without
serositis [2.72 (1.71-5.0) vs. 2.08 (1.42-3.15), P=0.038].
Differences in MLR between jSLE patients with and
without various manifestations of organ involvement did
not show statistical significance. The PLR was significantly
higher in participants manifesting symptoms of cutaneous
rash [130.0 (92.6-235.0) vs. 112.0 (49.3-169.0), P=0.002],
and arthritis (167.0 (106.0-243.0) vs. 106.0 (53.6-176.0),
P<0.001), as compared to participants without such
involvement. The PLR in participants with hematological
involvement was significantly lower than that in those
without such involvement [111.0 (53.6-191.0) vs. 138.0
(107.0-185.0), P=0.016]. Compared to participants with
negative anti-Sm antibody, PLR in participants with
positive anti-Sm antibody was significantly higher [140.0
(91.6-228.0) vs. 114.0 (60.9-176.0), P=0.006]. There was
no statistically significant difference in NLR, MLR, and
PLR between jSLE patients with and without positive anti-
dsDNA antibody, low complement C3 and C4, elevated
erythrocyte sedimentation rate (ESR), and SLEDAI score
subgroups.

Correlations of NLR, MLR and PLR with clinical
parameters in jSLE patients

We analyzed the correlations between NLR, MLR, PLR,
and various clinical parameters (Table 3, Figure I). The
NLR showed positive correlations with serositis (r=0.153,
P=0.037), complement C3 and C4 [r=0.152, P=0.038 and
r=0.177, P=0.016, respectively]. The PLR showed positive
correlations with cutaneous rash (r=0.227, P=0.002),
arthritis (r=0.290, P<0.001), anti-Sm antibodies (r=0.20,
P=0.006) and ESR (r=0.159, P=0.03). Negative correlations
were found between PLR and hematological involvement
(r=-0.177, P=0.015). Correlations between MLR and

clinical parameters were not statistically significant.

Discussion

In the present study, our results showed that NLR was
much higher in patients with serositis than in those without
serositis. Besides serositis, NLR was not significantly
different between participants with and without other
various manifestations of organ involvement. The NLR
showed positive correlations with serositis and complement
C3 and C4. There were no significant differences in
MLR between participants with and without various
manifestations of organ involvement. Compared to
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those without cutaneous rash, arthritis, or hematological
involvement, PLR was significantly higher in participants
with cutaneous rash or arthritis, and significantly lower
in those with hematological involvement. The PLR in
participants with positive anti-Sm antibody was significantly
higher than in those with negative anti-Sm antibody.
The PLR showed positive correlations with cutaneous
rash, arthritis, anti-Sm antibodies and ESR, and negative
correlations with hematological involvement. However,
there were no significant differences in NLR, MLR, and
PLR between LN and non-LN participants. Spearman
rank analysis showed that NLR, MLR, and PLR had no
correlations with LN or SLEDAI-2K scores.

A previous study showed that neutrophils, lymphocytes,
and platelets had complex pathophysiology which were
closely related to the pathogenesis of SLE (19). Our
data showed that with respect to organ involvement,
significantly higher NLR was only found in participants
with serositis. Previous studies have reported that NLR
was not associated with serositis in jSLE or aSLE patients
(20,21). Suszek er al. reported that NLR was significantly
higher in aSLE patients with cutaneous and/or mucosal
symptoms and kidney damage (21). The NLR could reflect
renal involvement in SLE patients (22). Our data showed
that NLR was higher in participants with LN than those
without LN, but the difference was not significant. We did
not find a significant correlation between NLR and LN,
which was inconsistent with a previous study (23). Some
studies have found that NLR was a useful marker to assess
disease activity both in jSLE and aSLE patients (11,20-22).
A meta-analysis demonstrated that NLR had positive
clinical value for diagnosing SLE, active SLE, and LN
(11,24). Ayna et al. reported a NLR cut-off value of 1.93 to
differentiate SLE patients with or without nephritis (25).
The NLR was positively correlated with ESR and SLEDAI
scores (22,26). However, the results of our study revealed
no significant difference in NLR between normal and
abnormal disease activity indicators, such as anti-dsDNA
antibodies, ESR, complement C3 and C4, and SLEDAI
score subgroups. In contrast to another study (14), NLR
was positively correlated with complement C3 and C4 in
our study. The NLR exhibited no correlation with SLEDAI
score, which was consistent with previous reports (21,27).
Suszek er al. reported that MLR was significantly higher
in aSLE patients manifesting symptoms of arthritis and/
or myositis (21); however, the present study did not find
that MLR was significantly different between jSLE patients
with and without various manifestations. The MLR had
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Table 2 A comparison of NLR, MLR, and PLR in jSLE patients in various manifestations of organ involvement and SLEDAI

Organ involvement NLR P value MLR P value PLR P value

Cutaneous rash 0.962 0.827 0.002
+ (n=99) 2.30 (1.48-3.48) 0.27 (0.20-0.83) 130.0 (92.6-235.0)
- (n=87) 2.213 (1.52-3.46) 0.27 (0.20-0.37) 112.0 (49.3-169.0)

Arthritis 0.114 0.792 <0.001
+ (n=69) 2.44 (1.64-3.90) 0.29 (0.20-0.40) 167.0 (106.0-243.0)
- (n=117) 2.00 (1.25-3.25) 0.27 (0.19-0.39) 106.0 (563.6-176.0)

Hematological involvement 0.918 0.288 0.016
+ (n=128) 2.38 (1.43-3.87) 0.27 (0.20-0.38) 111.0 (63.6-191.0)
- (n=58) 1.55 (2.10-3.17) 0.29 (0.20-0.42) 138.0 (107.0-185.0)

Serositis 0.038 0.908 0.808
+ (n=42) 2.72 (1.71-5.00) 0.27 (0.20-0.40) 114.0 (91.9-190.0)
- (n=144) 2.08 (1.42-3.15) 0.27 (0.20-0.40) 128.0 (63.3-188.0)

LN 0.085 0.281 0.967
+ (n=97) 2.45 (1.58-3.90) 0.29 (0.20-0.40) 115.0 (86.9-185.0)
- (n=89) 2.00 (1.29-3.17) 0.25 (0.17-0.38) 130.0 (563.3-209.0)

Anti-dsDNA Ab 0.849 0.264 0.268
+ (n=175) 2.25 (1.52-3.43) 0.27 (0.20-0.40) 124.0 (76.4-190.0)
- (n=11) 1.69 (1.08-5.18) 0.24 (0.17-0.30) 106.0 (34.9-728.0)

Anti-Sm Ab 0.598 0.645 0.006
+ (n=77) 2.30 (1.50-3.87) 0.27 (0.20-0.40) 140.0 (91.6-228.0)
- (n=109) 2.10 (1.46-3.40) 0.27 (0.20-0.39) 114.0 (60.9-176.0)

Elevated ESR 0.346 0.535 0.250
+ (n=144) 2.11 (1.42-3.37) 0.27 (0.20-0.40) 126.0 (77.8-188.0)
- (n=42) 2.53 (1.65-3.49) 0.26 (0.17-0.37) 110.0 (43.9-189.0)

Low C3 0.708 0.242 0.673
+ (n=159) 2.15(1.47-3.51) 0.27 (0.20-0.38) 118.0 (71.8-186.0)
- (n=27) 2.45 (1.55-3.50) 0.35 (0.22-0.42) 129.0 (82.1-222.0)

Low C4 0.304 0.814 0.202
+ (n=133) 2.15(1.38-3.25) 0.27 (0.20-0.40) 115.0 (75.6-180.0)
- (n=53) 2.38 (1.67-3.71) 0.33 (0.20-0.40) 140.0 (64.4-243.0)

SLEDAI 0.067 0.378 0.645
<6 (n=65) 2.67 (1.35-3.79) 0.27 (0.20-0.40) 123.85 (36.88-187.96)
7-12 (n=57) 1.94 (1.32-2.80) 0.25 (0.18-0.34) 128.50 (73.29-191.83)
>13 (n=64) 2.44 (1.58-4.20) 0.30 (0.20-0.40) 120.97 (88.96-190.08)

NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; jSLE, juvenile systemic lupus
erythematosus; SLEDAI, systemic lupus erythematosus disease activity index; LN, lupus nephritis; anti-dsDNA Ab, anti-double strained
deoxyribonucleic acid antibodies; anti-Sm Ab, anti-Smith antibodies; ESR, erythrocyte sedimentation rate; C3, complement component 3;
C4, complement component 4.
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Table 3 Correlations of clinical parameters with NLR, MLR, and PLR in jSLE patients
NLR MLR PLR

r P value r P value r P value
Cutaneous rash 0.004 0.962 0.016 0.828 0.227 0.002*
Arthritis 0.116 0.115 0.019 0.793 0.290 <0.001*
Hematological involvement 0.008 0.918 -0.078 0.289 -0.177 0.015*
Serositis 0.153 0.037* 0.009 0.908 0.018 0.809
LN 0.127 0.085 0.079 0.282 0.003 0.968
Anti-dsDNA Ab 0.014 0.849 0.082 0.265 0.082 0.269
Anti-Sm Ab 0.039 0.60 0.034 0.646 0.20 0.006**
ESR 0.017 0.819 0.044 0.554 0.159 0.030*
C3 0.152 0.038* 0.101 0.170 0.107 0.148
C4 0.177 0.016* 0.098 0.185 0.135 0.066
SLEDAI 0.095 0.197 0.040 0.586 0.114 0.122

*, P<0.05; **, P<0.01. NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; jSLE,
juvenile systemic lupus erythematosus; LN, lupus nephritis; anti-dsDNA Ab, anti-double strained deoxyribonucleic acid antibodies; anti-
Sm Ab, anti-Smith antibodies; ESR, erythrocyte sedimentation rate; C3, complement component 3; C4, complement component 4;

SLEDAI, systemic lupus erythematosus disease activity index.

no correlation with SLEDALI score in the present study,
which was consistent with a previous report (27). Liu et /.
found that MLR may be useful biomarkers in predicting
LN (27), however we did not found correlation between
MLR and LN.

Previous studies have reported that PLR was
significantly different between SLE patients and healthy
controls (11,12,23). The results of various studies were
inconsistent regarding whether PLN was related to clinical
manifestations and disease activity. Peirovy ez 4/. did not find
a significant difference in PLR between aSLE patients with
and without cutaneous rash, arthritis, and serositis (23).
The PLR was significantly higher in SLE patients
exhibiting hematological disorders compared to those
without such involvement, and it was not significantly
different between patients with and without cutaneous,
arthritis, or anti-dsDNA antibody (21). The present study
showed that PLR was significantly different between
participants with and without cutaneous rash, arthritis,
hematological involvement, and anti-Sm antibodies. The
PLR was not significantly different between participants
with and without positive anti-dsDNA antibodies, which
was consistent with a previous report (21). Consistent
with previous studies (22,23), we also found that PLR was
not significantly different between participants with and
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without LN. In contrast to our finding, another study
reported that PLR was significantly higher in SLE patients
exhibiting LN (21). The PLR was positively correlated with
SLEDAI and may be useful marker to evaluate SLE disease
activity (11). The same findings were reported in both aSLE
(22,23) and jSLE patients (20). While in the present study,
we did not find that PLR was correlated with SLEDAI,
which was consistent with a previous study (27). These
inconsistent findings in PLR may be attributable to factors
such as sample types and size, genetic background, and
analytical methods.

The NLR and PLR had been widely studied in SLE,
but their positive clinical value for diagnosing SLE were
remain controversial. Previous study found that NLR had
positive clinical value for diagnosing SLE (24). Several
studies did not found NLR and PLR had positive clinical
value for diagnosing SLE (12,14,21). Previous studies
found increased levels of NLR and PLR in SLE patients as
compared to healthy controls (11,22). The levels of NLR
and PLR were also elevated in malignancies (28), infectious
diseases (29) and other autoimmune diseases such as primary
Sjogren’s syndrome (PSS) (30), psoriasis (31) and ulcerative
colitis (32). The anti-ds DNA antibody and anti-Sm
antibody are remainly serological markers in the new
classification criteria for SLE (33). It demonstrated that
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Figure 1 The correlations of NLR, MLR and PLR with clinical parameters in jSLE patients. (A) Correlation between cutaneous rash and

PLR; (B) correlation between arthritis and PLR; (C) correlation between hematological involvement and PLR; (D) correlation between
serositis and NLR; (E) correlation between anti-Sm Ab and PLR; (F) correlation between ESR and PLR; (G) correlation between C3 and
NLR; (H) correlation between C4 and NLR. PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; anti-Sm Ab, anti-

Smith antibodies; ESR, erythrocyte sedimentation rate; C3, complement component 3; C4, complement component 4; MLR, monocyte-to-

lymphocyte ratio; jSLE, juvenile systemic lupus erythematosus.
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NLR and PLR were not the specific markers for the
diagnosis of SLE.

However, there were some limitations to this study.
Firstly, it was a retrospective design study. Secondly, the
sample size was relatively small. Finally, this study was
conducted in a single-center. Further studies, preferably
multicenter studies, should be performed to describe the
value of peripheral blood cell ratios in jSLE.

In conclusion, the present study revealed that NLR and
PLR had correlations with serological indicators, and may
predict organ involvement in jSLE, particularly cutaneous,
arthritis, serositis, and hematological involvement.
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