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Abstract. The aim of the present study was to evaluate the 
association of the neutrophil-to-lymphocyte ratio (NLR) 
and hemoglobin levels with disease activity in patients with 
systemic lupus erythematosus (SLE) and to explore their clin-
ical significance in predicting SLE. The present study included 
212 patients with SLE and 201 healthy controls. All the clinical 
characteristics were collected from their medical records. The 
results revealed that the NLR was elevated and the hemo-
globin level was markedly decreased in the patients with SLE 
compared with the healthy controls. NLR was positively corre-
lated with the SLE Disease Activity Index 2000 (SLEDAI-2K), 
erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP), whereas it was not correlated with C3 or C4. The 
hemoglobin level was negatively correlated with SLEDAI-2K, 
ESR and CRP and positively correlated with C3 and C4. In 
addition, NLR [EXP(B)=1.986; 95% confidence interval (CI), 
1.432‑2.753; P=0.001] and hemoglobin [EXP(B)=0.947; 95% 
CI, 0.929‑0.965; P=0.001] were independent predictive factors 
of SLE. The optimal NLR cut‑off value for predicting SLE 
was 2.075, with 71.14% sensitivity and 69.57% specificity, 
whereas the optimal hemoglobin cut‑off value was 131.5 mg/l, 
with 75.79% sensitivity and 77.98% specificity. In addition, 
high NLR together with low hemoglobin levels and high NLR 
or low hemoglobin levels had increased positive predictive 
values (86.05 and 66.95, respectively). High NLR with low 
hemoglobin levels and high NLR or low hemoglobin levels 
also had higher sensitivity (64.91 and 92.40, respectively) and 
specificity (64.91 and 18.95, respectively), compared with high 
NLR alone or low hemoglobin alone. In conclusion, NLR and 

hemoglobin may reflect SLE disease activity and may be used 
as markers for predicting the outcome of SLE.

Introduction

Systemic lupus erythematosus (SLE) is a chronic inflammatory 
autoimmune disease that can affect various organ systems. In 
China, SLE occurs at an incidence of ~31-70 per 100,000 indi-
viduals (1). SLE is characterized by high heterogeneity, a complex 
pathophysiology and various clinical manifestations; thus, no 
test alone is sufficiently sensitive or specific for diagnosis (2).

Currently, the SLE disease activity index 2000 (SLEDAI-2K) 
score is widely utilized to assess disease activity in SLE 
patients (3,4). However, it could be too complex to use in routine 
clinical practice. Conventional methods, including erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) are not 
in complete accordance with the activity of SLE (5,6). Therefore, 
there is significant interest in the identification of biomarkers 
that can predict SLE and quantify disease activity, although a 
single biomarker is unlikely to replace clinical evaluation due to 
the heterogeneity of this disease (7).

The neutrophil-to-lymphocyte ratio (NLR) and hemoglobin 
are parts of a routine complete blood count. NLR can be easily 
calculated using peripheral blood, and it has been identified 
as a new index of inflammatory biomarkers in a number of 
diseases (8-10). Hu et al (11) reported that increased NLR was 
positively correlated with primary Sjögren's syndrome (pSS). 
Similarly, Sen et al (12) reported that NLR may reflect systemic 
inflammation in psoriasis patients. Although Qin et al (13) 
found that NLR may reflect inflammatory responses and 
disease activity in SLE patients, the predictive value of NLR 
in connection with hemoglobin levels in SLE has not been 
determined. The hemoglobin level may be used as an indicator 
of active inflammatory disease (14,15). Low hemoglobin levels 
have been found to be significantly associated with disease 
activity in rheumatoid arthritis (16). However, to the best of 
our knowledge, the predictive value of the hemoglobin level in 
SLE remains unclear.

In this study, we analyzed the medical records of 212 SLE 
patients and 201 healthy individuals to determine the possible 
association of NLR and hemoglobin level with disease activity 
and inflammatory responses in SLE patients, in order to 
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evaluate the predictive value of NLR and hemoglobin level in 
SLE.

Patients and methods

Participants. A total of 212 adult patients with SLE were 
involved in this retrospective study, according to the diag-
nostic criteria of SLE developed by the American College 
of Rheumatology in 1997. All of the patients were origi-
nally recruited to the First Hospital of Lanzhou University 
(Lanzhou, China) between July 2013 and January 2017; their 
medical records were obtained for retrospective use in the 
present study. The SLE patients with hematological diseases, 
blood transfusion, malignancies, other autoimmune diseases, 
lymphoproliferative disorders, infections or hepatosplenic 
diseases were excluded. In addition, 201 age‑ and sex‑matched 
healthy subjects who underwent routine physical examinations 
in the same hospital during the same period were used as the 
healthy control group. The study protocol was approved by the 
Research Ethics Committee of the First Hospital of Lanzhou 
University (no. LDYYLL201731).

Laboratory values and clinical assessment. Age and sex were 
extracted from the electronic medical records system database. 
Blood tests, such as red blood cell count, white blood cell count, 
neutrophil count, neutrophil ratio in the white blood cell count, 
lymphocyte count, lymphocyte ratio in the white blood cell 
count, and hemoglobin, were performed using a hematology 
analyzer (Sysmex XE‑5000; Sysmex Corporation, Kobe, Japan) 
with its supporting reagents. The NLR was calculated as the 
absolute neutrophil count divided by the absolute lymphocyte 
count. Furthermore, CRP, complement component 3 (C3) 
and C4 were analyzed using an automatic protein analyzer 
(Siemens Healthcare Diagnostics, Eschborn, Germany). ESR 
was measured with an automatic ESR analyzer (ORON‑200; 
HORRON XLH Medical Electronics, Shenzhen, China). In 
addition, SLEDAI-2K, a global index based on symptoms and 
laboratory findings, was used to assess SLE disease activity 
based on the symptoms and laboratory test results (17).

Statistical analysis. The descriptive statistics are presented 
as mean ± standard deviation for continuous variables and 
percentages of the number for categorical variables. The 
unpaired t-test or Mann-Whitney U-test was used to compare 
the two independent groups according to distribution state. 
Pearson's approach was used to quantify the correlation 
between variables. A receiver operating characteristic (ROC) 
curve was constructed to determine the predictive value 
of NLR and hemoglobin in the patient group. A P‑value 
of <0.05 was considered to indicate statistically significant 
differences. All statistical studies were conducted with the 
SPSS program v.16.0 (SPSS, Inc., Chicago, IL, USA).

Results

Characteristics of the participants. The demographic char-
acteristics, clinical characteristics and laboratory findings 
of the 212 SLE patients and 201 healthy controls are listed 
in Table I. There was no significant difference in age, sex or 
neutrophil count between the SLE and healthy control groups. 

The neutrophil ratio in the white blood cell count was mark-
edly increased, and the red blood cell count, white blood cell 
count, lymphocyte count and lymphocyte ratio in the white 
blood cell count were significantly decreased in SLE patients 
(P<0.001; Table I).

NLR was increased and hemoglobin was decreased in SLE 
patients compared with healthy controls. As shown in Fig. 1, 
NLR was significantly elevated (P<0.001; Fig. 1A) and the 
hemoglobin level was markedly decreased (P<0.001; Fig. 1B) 
in total SLE patients compared with healthy controls. In order 
to investigate the association of NLR and hemoglobin levels 
with SLE patient sex, the cohort was divided into females and 
males. NLR was significantly elevated in female SLE patients 
compared with healthy female controls (P<0.001), whereas 
there was no statistically significant difference between 
male SLE patients compared with healthy male controls 
(Fig. 1C and D). The hemoglobin level was markedly decreased 
in both female and male patients with SLE (Fig. 1E and F).

Correlations of NLR and hemoglobin with disease activity 
in SLE. The study demonstrated that NLR was positively 
correlated with SLEDAI‑2K (r=0.211, P=0.003; Fig. 2A), 
ESR (r=0.298, P<0.001; Fig. 2B) and CRP (r=0.379, P<0.001; 
Fig. 2C), but not with C3 (r=‑0.054, P=0.450; Fig. 2D) or C4 
(r=‑0.060, P=0.412; Fig. 2E). Furthermore, the hemoglobin 
level was negatively correlated with SLEDAI‑2K (r=‑0.184, 
P=0.019; Fig. 3A), ESR (r=‑0.557, P<0.001; Fig. 3B) and CRP 
(r=‑0.157, P<0.007; Fig. 3C), whereas it was positively corre-
lated with C3 (r=0.303, P<0.001; Fig. 3D) and C4 (r=0.293, 
P=0.003; Fig. 3E).

NLR and hemoglobin may predict the development of SLE. 
The risk factors were entered into a logistic regression analysis. 
The results demonstrated that NLR [EXP(B)=1.986; 95% CI, 
1.432‑2.753; P=0.001], hemoglobin [EXP(B)=0.947; 95% CI, 
0.929‑0.965; P=0.001], C3 (P=0.001) and C4 (P=0.070) were 
independent predictive factors in SLE patients (Table II).

ROC curve analysis was performed to determine the cut-off 
value of NLR and hemoglobin to predict SLE, and it revealed 
that the optimal clinical cut‑off level of NLR was 2.075, with a 
sensitivity of 71.14% and a specificity of 69.57%. The optimal 
cut‑off level of hemoglobin was 131.5 g/l, with a sensitivity 
of 75.79% and a specificity of 77.98%. There was no statisti-
cally significant difference in the area under the ROC curve 
between NLR and hemoglobin (P>0.05; Fig. 4 and Table III). 

Predictive value of NLR and hemoglobin in SLE. Although 
all positive likelihood ratios of high NLR and low hemoglobin 
levels were <10 in predicting SLE, simultaneously high NLR 
and low hemoglobin levels, and high NLR or low hemoglobin 
levels, had higher positive predictive values (86.05 and 66.95, 
respectively) and positive likelihood ratios (3.42 and 1.14, 
respectively) compared with a high NLR level alone or a low 
hemoglobin level alone (Table IV). Moreover, high NLR with 
low hemoglobin levels and high NLR or low hemoglobin 
exhibited higher sensitivity (64.91 and 92.40, respectively) 
and specificity (64.91 and 18.95, respectively), compared 
with a high NLR level alone or a low hemoglobin level alone 
(Table IV).
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Discussion

This study demonstrated that NLR was increased and hemo-
globin was decreased in SLE patients, no matter in female or 

male. Another key finding was that NLR was positively corre-
lated with SLEDAI-2K, ESR and CRP, while hemoglobin level 
was negatively correlated with SLEDAI-2K, ESR and CRP, 
and positively correlated with C3 and C4. Furthermore, NLR 

Table I. Characteristics of the participants.

 SLE patients (n=212) Healthy controls (n=201)
 ---------------------------------------------------------- ---------------------------------------------------------
Characteristic n Results n Results P-value

Age (years) 212 40.19±15.24 201 41.45±12.08 0.351
Sex (male/female) 212 23/189 201 20/181 0.766
RBC (x1012/l) 174 3.93±0.89 201 4.66±0.36 <0.0001c 
WBC (x109/l) 212 5.36±2.94 201 6.04±1.28 0.002b

Lym (x109/l) 212 1.19±0.70 201 0.96±0.46 <0.0001c

Lymphocyte (%) 212 24.40±11.09 201 32.76±5.18 <0.0001c

Neu (x109/l) 212 3.93±2.48 201 3.65±0.93 0.048a

Neutrophil (%) 212 66.60±12.70 201 60.07±5.44 <0.0001c

CRP (mg/l) 189 14.59±2.37 30 2.90±1.04 <0.0001c

C3 (g/l) 201 0.70±0.33 30 1.20±0.27 <0.0001c

C4 (g/l)  194 0.14±0.11 30 0.34±0.08 <0.0001c

ESR (mm/h) 192 42.08±3.36 ‑ ‑ ‑
SLEDAI‑2K  141 10.67±6.63 ‑ ‑ 

Data are expressed as the mean ± standard deviation. aP<0.05, bP<0.01 and cP<0.0001. RBC, red blood cell count; WBC, white blood cell count; 
Lym, lymphocyte count; Neu, neutrophil count; CRP, C‑reactive protein; ESR, erythrocyte sedimentation rate; SLEDAI‑2K, SLE Disease 
Activity Index 2000.

Figure 1. NLR and hemoglobin level in SLE and healthy controls. (A) NLR in total SLE patients and healthy controls, (B) hemoglobin in total SLE patients 
and healthy controls, (C) NLR in female SLE patients and healthy controls, (D) hemoglobin in female SLE patients and healthy controls, (E) NLR in male 
SLE patients and healthy controls, (F) hemoglobin in male SLE patients and healthy controls. ***P<0.001, as indicated. NLR, neutrophil‑to‑lymphocyte ratio; 
SLE, systemic lupus erythematosus.
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Figure 2. Correlations between NLR and (A) SLEDAI‑2K, (B) ESR, (C) CRP, (D) C3, and (E) C4 in SLE patients. Data were analyzed using Pearson's 
approach. NLR, neutrophil‑to‑lymphocyte ratio; SLEDAI‑2K, SLE Disease Activity Index 2000; ESR, erythrocyte sedimentation rate; CRP, C‑reactive 
protein; SLE, systemic lupus erythematosus.

Figure 3. Correlations between hemoglobin and (A) SLEDAI‑2K, (B) ESR, (C) CRP, (D) C3 and (E) C4 in SLE patients. Data were analyzed using Pearson's 
approach. SLEDAI‑2K, SLE Disease Activity Index 2000; ESR, erythrocyte sedimentation rate; CRP, C‑reactive protein; SLE, systemic lupus erythematosus.
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and hemoglobin were independent predictive factors for SLE. 
These findings indicate that NLR and hemoglobin, which are 
easily detectable and applicable laboratory parameters, maybe 
predictive factors for SLE and reflect inflammatory response 
and disease activity in SLE patients.

It is well known that the blood composition undergoes 
relative changes under conditions of systemic inflammation, 
typically represented by neutrophilia, lymphopenia and 
anemia (18). In recent years, neutrophil count, lymphocyte 
count and hemoglobin levels have been identified as biomarkers 
of inflammation in several diseases. NLR has been used in 
combination with other inflammatory markers to quantify 
systemic inflammation in both auto‑ and non‑autoimmune 
diseases (13). Accumulating evidence has revealed that NLR 
is a reliable indicator of inflammation (11,19,20). Qin et al (13) 
reported that NLR was increased in SLE patients in a study 
of a cohort of 154 SLE patients and 151 healthy controls. In 
accordance with the results of previous studies, our results 
further confirmed that NLR was pos itively correlated with 
SLEDAI‑2K, a widely utilized indicator to assess disease 
activity in SLE patients, and ESR and CRP, which are inflam-
matory indices also used as markers of SLE disease activity. 
Interestingly, our research also demonstrated that there is no 
correlation of NLR with C3 and C4, which are biomarkers of 
SLE disease activity. This inconsistency may be the reason 
why medical intervention in SLE patients markedly affects 
C3 and C4 (21), or an indication that the abovementioned 
parameters are involved in separate biological processes in 
SLE.

Anemia in SLE usually develops in the context of chronic 
systemic inflammation, and low hemoglobin levels have 
been found to be an indicator of subclinical inflammatory 
disease (14,15). However, hemoglobin is not considered to be a 
readily available acute phase response biomarker, unlike ESR 
and CRP, which are routinely used to estimate the activity 
of systemic inflammation. Previous studies reported that the 
hemoglobin level was increased after starting targeted rheuma-
toid arthritis treatment (22,23), but failed to report longitudinal 
changes in composite disease activity indices (23). To the best 
of our knowledge, there are no studies on the direct association 
between hemoglobin and SLE. The present study demon-
strated that the level of hemoglobin was sig nificantly lower 
in SLE patients compared with that in healthy controls. In 
order to further elucidate the association between hemoglobin 
and SLE, we evaluated the correlations between hemoglobin 
level and SLEDAI-2K, ESR, CRP, C3 and C4 in patients with 
SLE, and found that hemoglobin is negatively correlated with 
SLE disease activity. All these findings suggest that NLR and 
hemoglobin may be used to reflect the inflammatory response 
and disease activity in SLE patients.

In this study, logistic regression analysis revealed that SLE 
was independently associated with NRL, hemoglobin, C3 and C4, 
while NLR exhibited a moderate association [Exp(B)=1.986], 
hemoglobin a moderate association [Exp(B)=0.947], and C3 
and C4 a less significant association [Exp(B)=0.004, 0.049, 
respectively]. Moreover, the area under the ROC curve of NLR 
and hemoglobin was 0.735 (with a sensitivity of 71.14% and a 
specificity of 69.57%) and 0.825 (with a sensitivity of 75.79% 
and a specificity of 77.98%), respectively, in differentiating 
between SLE patients and normal subjects. Therefore, the 
two indices NLR and hemoglobin have predictive power for 
SLE, and the increased NLR and decreased hemoglobin levels 
observed at the onset of inflammation are significantly asso-
ciated with the presence of SLE. In addition, the combined 
results in the present study demonstrated that simultaneously 
high NLR and low hemoglobin levels, and high NLR or low 
hemoglobin levels, had higher positive predictive values (86.05 
and 66.95, respectively), with higher sensitivity (64.91 and 
92.40, respectively) and specificity (84.05 and 18.95, respec-
tively) in diagnosing SLE compared with high NLR alone or 
low hemoglobin alone, although all positive likelihood ratios of 
high NLR and low hemoglobin levels were <10. This suggests 
that NLR and hemoglobin should be measured simultane-
ously for a more reliable clinical diagnosis in SLE. NLR and 
hemoglobin measurement is easy, cost-effective and readily 
available compared with tests for other inflammatory cyto-
kines. Therefore, they are valuable clinical tools that may serve 
as biomarkers for inflammatory response and for predicting 
SLE. Due to the complexity of NLR and hemoglobin, they 
are not included in major management recommendations for 
SLE at present, as further clinical decision‑making is required.

There were certain limitations to the present study. 
First, this was a single-center retrospective study, and 
additional larger, multicenter studies are needed to verify 
our results. Furthermore, the exact mechanism underlying 
the involvement of NLR and hemoglobin in SLE was not 
investigated. Finally, the participants were only Chinese, 
and the inclusion of other ethnic groups is required in further 
investigations.

Table II. Logistic regression analysis of factors independently 
associated with SLE.

Variable  P‑value EXP(B) 95% CI of EXP(B) 

NLR  0.001 1.986 1.432‑2.753
Hemoglobin  0.001 0.947 0.929‑0.965
C3  0.001 0.004 0.000‑0.123
C4  0.007 0.049 0.005‑0.430
CRP  0.080 1.393 0.961‑2.017

SLE, systemic lupus erythematosus; NLR, neutrophil‑to‑lymphocyte 
ratio; CI, confidence interval; CRP, C‑reactive protein.

Figure 4. Receiver operating characteristics curve analysis for NLR and 
hemoglobin. NLR, neutrophil‑to‑lymphocyte ratio.
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In conclusion, the present study has demonstrated that 
increased NLR and decreased hemoglobin levels were found in 
SLE patients, and that they were correlated with inflammatory 
response and disease activity. These findings suggest that NLR 
and hemoglobin may be useful markers in predicting SLE and 
assessing disease activity. However, further studies are required 
to elucidate the exact role of NLR and hemoglobin in SLE.
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