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ABSTRACT

Introduction: The characteristics of leukopenia
in patients with systemic lupus erythematosus
(SLE) in different studies are different, which
may be related to region, race, and sample size.
Moreover, the extent of leukocyte count decline
remains to be studied. This study aimed to
analyze the clinical characteristics of leukope-
nia in patients with SLE of Han ethnicity in
China.

Methods: A single-center, retrospective, cross-
sectional study was conducted in Chinese Han
patients with SLE from June 2013 to August
2020.

Results: A total of 125 patients with SLE were
included in the study, and 104 age- and sex-
matched healthy controls were recruited. The
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prevalence of leukopenia, neutropenia, and
lymphopenia was 40.0, 20.8, and 55.2%,
respectively. The median leukocyte count in the
leukopenia group was 2.80 x 10%/1, the median
neutrophil count in the neutropenia group was
1.40 x 10°/1, and the median lymphocyte
count in the Ilymphopenia group was
0.60 x 10°/1, which was 47.06, 40.58, and
30.00% of the median of the healthy control
group, respectively. The lymphocyte count of
SLE patients without lymphopenia was also
lower than that of healthy controls, and the
lymphocyte count was negatively correlated
with the SLE disease activity index 2000 score in
all patients with SLE. Independent risk factors
for neutropenia include decreased platelet
count and lymphocyte count, as well as the
presentation of cylindruria. For lymphopenia,
the independent risk factors were positivity for
anti-dsDNA antibody and Coombs’ test,
decreased platelet count, and cylindruria.
Conclusions: In Han Chinese patients with
SLE, leukopenia, neutropenia, and lymphope-
nia are common clinical manifestations, and
the degree of reduction in blood cell count was
also remarkable. Lymphopenia is associated
with disease severity in patients with SLE. The
correlation between Coombs’ test results and
lymphopenia deserves further study.
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Key Summary Points

The characteristics of leukopenia in
patients with systemic lupus
erythematosus (SLE) in different studies
are different, and the extent of leukocyte
count decline remains to be studied.

In Han Chinese patients with SLE,
leukopenia, neutropenia, and
lymphopenia are common clinical
manifestations, and the degree of
reduction in blood cell count was also
remarkable.

The lymphocyte count of SLE patients
without lymphopenia was lower than that
of healthy controls, and the lymphocyte
count was negatively correlated with the
SLEDAI 2000 score in patients with SLE.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14763141.

INTRODUCTION

Systemic lupus erythematosus (SLE) is an
autoimmune disease that mainly affects women
of childbearing age, which has serious adverse
effects on the physiology, psychology, and fer-
tility of patients. Leukopenia is a common
clinical manifestation in patients with SLE and
is usually secondary to lymphopenia, neu-
tropenia, or a combination of both. A study
from the Netherlands found that neutropenia
occurred in 47% and lymphopenia in 20% of
patients with SLE, and life-table analysis showed
no adverse influence on survival with neu-
tropenia or lymphopenia [1]. In Turkey, the
rates of leukopenia, lymphopenia, and

neutropenia in patients with SLE were 57, 82,
and 20%, respectively, and leukopenia was
commonly observed in patients with skin/mu-
cosal involvement [2]. In a multiethnic, longi-
tudinal outcome study, cumulative
lymphopenia was observed in 64.6% and 81.9%
at the enrollment and last visit of patients,
respectively, and was positively associated with
renal involvement, leukopenia, and the pres-
ence of anti-double stranded DNA (dsDNA)
antibody and anti-Ro antibody, but was nega-
tively associated with photosensitivity [3].
Another study from Japan found that the level
of anti-ribosomal P antibody was inversely cor-
related with the peripheral lymphocyte count
[4]. Therefore, the characteristics of leukopenia
in different studies are different, which may be
related to region, race, and sample size.

Moreover, many studies have not provided a
detailed description of the exclusion criteria of
patients, such as whether they are accompanied
by infection, liver disease, and other diseases
that may affect the white blood cell count.
Therefore, it is not clear whether the occurrence
of leukopenia, lymphopenia, and neutropenia
in patients with SLE is solely caused by the
disease itself. In addition, current studies only
focused on the prevalence of leukopenia, neu-
tropenia, and lymphopenia; however, the
degree of decrease in these blood cells relative to
healthy controls remains to be studied.

Finally, the clinical characteristics of
leukopenia in Chinese patients with SLE have
not been reported. Therefore, we analyzed the
clinical characteristics of leukopenia in patients
with SLE of Han ethnicity in Suzhou, China,
and excluded patients with diseases that may
have potential effects on leukocytes and those
with drug-induced myelosuppression.

METHODS

Study Design and Period

A single-center, retrospective, cross-sectional
study design was used to assess the clinical
characteristics of leukopenia in Han patients
with SLE. A retrospective study based on inpa-
tients’ medical records from June 2013 to
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August 2020 was conducted in the Department
of Rheumatology and Immunology, the Second
Affiliated Hospital of Soochow University.
Healthy subjects of Han ethnicity from the
physical examination center were also included
in the control group. This study was conducted
in accordance with the World Medical Associa-
tion Declaration of Helsinki and was approved
by the Human Ethics Review Committee of the
Second Affiliated Hospital of Soochow Univer-
sity. Informed consent was not required from
patients and healthy subjects, which was
approved by the Human Ethics Review Com-
mittee, because the study was based on the
participants’ previous medical records.

Inclusion Criteria

Han patients diagnosed with SLE were included
in this study. The establishment of SLE diag-
nosis needed to meet one of the following three
criteria: (a) the American College of Rheuma-
tology (ACR) 1997 revised criteria [5, 6];
(b) 2012 Systemic Lupus International Collab-
orating Clinics classification criteria [7]; or
(c) 2019 European League Against Rheumatism/
ACR classification criteria [8].

Exclusion Criteria

Patients with SLE were excluded if they had at
least one of the following conditions: (a) other
autoimmune diseases, such as rheumatoid
arthritis, ankylosing spondylitis, systemic scle-
rosis, antiphospholipid antibody syndrome, or
thrombotic microangiopathy; (b) myelosup-
pression induced by drugs, (c) infectious dis-
eases, (d) pregnancy, (e) malignant disease,
(f) hematological disease, (g) blood transfusion,
(h) hepatosplenic disease, (i) coronary artery
disease, heart failure, or acute coronary syn-
drome; and (J) diabetes.

Data Collection

The following information was extracted from
each SLE patient’s electronic medical records
during the same hospitalization: demographic
data, clinical findings, organ involvement,

serological profile (antinuclear antibody [ANA],
anti-dsDNA, anti-Sm, anti-U1RNP, anti-Ro52,
anti-Ro60, anti-La, anti-Scl70, anti-Jo, anti-cen-
tromere protein B, anti-ribosomal P protein),
anti-phospholipid antibody (IgG and IgM anti-
cardiolipin, IgG anti-B2-glicoprotein 1), com-
plement 3 (C3), C4, immunoglobulin G (IgG),
IgA, I1gM, hemocytes, urine routine, direct
Coombs’ test, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), and immuno-
suppressive agents, including corticosteroids. In
addition, the SLE disease activity index (SLE-
DAI) 2000 score was calculated. In healthy
controls, only demographic characteristics and
blood cell count were collected.

Operational Definitions

Hemocytes were tested using an automatic
blood analyzer within 2 h of blood sample col-
lection in EDTA tubes. Leukopenia was defined
as a repeated leukocyte count of < 3.5 x 107/l
neutropenia as a repeated neutrophil count
of < 1.8 x 10°/1, lymphopenia as repeated
lymphocyte counts of < 1.1 x 10°/1, thrombo-
cytopenia as a repeated platelet count of < 125

x 10?/1, and anemia as repeated a hemoglobin
level of < 115 g/1.

Untreated patients with SLE were those who
had never received immunosuppressive agents
(including glucocorticoids, mycophenolate
mofetil, methotrexate, leflunomide, cyclophos-
phamide, etc.), hydroxychloroquine, and
immunoglobulin, or have completely inter-
rupted the above treatment for at least
6 months. Otherwise, Otherwise, they were
classified as treated patients.

Hypocompleminemia means that the C3
and/or C4 levels of a patient were lower than
the lower limit of the normal reference value.

Data Analysis

All variables were analyzed using the IBM Corp.
Released 2012. IBM SPSS Statistics for Windows,
version 21.0. Armonk, NY: IBM Corp. Contin-
uous variables were presented as mean and
standard deviation (for those that have normal
distribution) or median and range (for those
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that have non-normal distribution). Categorical
variables were reported as absolute frequencies
and percentages from each group or subgroup.
Normality was tested using the Shapiro-Wilk
test. The Kruskal-Wallis test was used to com-
pare the blood cell count among SLE patients
with hemocytopenia, SLE patients without
hemocytopenia, and healthy controls. For the
comparison of clinical characteristics between
the leukopenia group, neutropenia group, lym-
phopenia group, and the corresponding SLE
group without hemocytopenia, normally dis-
tributed data were analyzed using Student’s
ttest, skewed data were analyzed using the
Mann-Whitney U test, and categorical variables
were analyzed using the Chi-square test or
Fisher's exact test. The correlation between
lymphocyte count and SLEDAI 2000 was ana-
lyzed using Spearman rank correlation analysis.
The binary logistic regression model was
applied to identify multiple independent risk
factors for the dependent variables neutropenia
and lymphopenia. The significance level was set
at p < 0.05.

RESULTS

Baseline Characteristics

A total of 172 patients with SLE were reviewed.
Among them, 46 cases met the exclusion crite-
ria, including 22 cases of infection, seven cases
of rheumatoid arthritis, five cases of liver cir-
rhosis, three cases of systemic sclerosis, two
cases of drug-induced myelosuppression, two
cases of pregnancy, and five cases of other dis-
eases (Supplementary Material).

The remaining 125 patients were included in
this study. Of these, 60.8% (76 out of 1295)
patients were treated, 92.8% (116 out of 125)
patients were female, their median age was
36.0 years (range, 13.0-81.0years), and their
median symptom duration was 24.0 months
(range, 0.1-360.0 months) (Table 1).

The prevalence of leucopenia, neutropenia,
and lymphopenia were 40.0, 20.8, and 55.2% in
total patients, respectively, and were 26.3, 13.2,
and 51.3% in treated patients, and were 61.2,
32.7, and 61.2% in untreated patients. There

Table 1 Demographic features and organ involvements of
SLE patients

Variables All patients

(» = 125)

36.0 (13.0-81.0)
116 (92.8)
24.0 (0.1-360.0)

Age (years), median (range)
Female

Disease duration (months), median
(range)

76 (60.8)

28.0 (2.0-142.0)

Treated patients
ESR (mm/H), median (range)

CRP (mg/1), median (range) 5.4 (0.2-139.8)

C3 (g/l), median (range) 0.520
(0.060-1.120)
C4 (g/1),median (range) 0.100
(0.017-0.389)
Hypocompleminemia 103 (82.4)
Fever 17 (8.0)
Rash 43 (34.4)
Alopecia 18 (14.4)
Oral ulcers 7 (5.6)
Pleurisy 14 (11.2)
Pericarditis 12 (9.6)
Joint involvement 34 (27.2)
Myositis S (4.0)
Vasculitis 10 (8.0)
Renal involvement 68 (54.4)
Albuminuria 37 (29.6)
Hematuria 40 (32.0)
Leukocyturia 45 (36.0)
Cylindruria 12 (9.6)
Neurologic involvement 6 (4.8)
Leukopenia 50 (40.0)
Leukocyte count (10%/1), median 4.0 (1.3-12.5)
(range)
Neutropenia 26 (20.8)
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Table 1 continued

Variables All patients
(n = 125)
Neutrophil count (10°/1), median 2.5 (0.5-9.5)
(range)
Lymphopenia 69 (55.2)
Lymphocyte count (10°/1), median 0.9 (0.2-3.6)
(range)
Anemia 73 (58.4)
Hemoglobin (g/1), mean & SD 109.1 £ 22.6
Thrombocytopenia 41 (32.8)
Platelet count (10°/1), mean & SD  167.6 £ 91.2
Anti-dsDNA 89 (71.2)
Anti-Smith 34 (27.2)
Anti-UIRNP 65 (52.0)
Anti-ribosomal P protein 31 (24.8)
Anti-Ro60 74 (59.2)
Anti-Ro52 64 (51.2)
Anti-SSB 16 (12.8)
Anti-centromere protein B 9(7.2)
Anti-phospholipid 30 (24.0)
Direct Coombs’ test 16 (12.8)
SLEDALI 2000 score 11.0 (0-39.0)

Except where indicated otherwise, values are 7 (%)
anti-dsDNA anti-double stranded DNA, C3 complement
3, C4 complement 4, CRP C-reactive protein, ESR ery-
throcyte sedimentation rate, SLE systemic lupus erythe-
matosus, SLEDAI 2000 systemic lupus erythematosus
disease activity index 2000

were significant differences in the prevalence of
leucopenia (p <0.001) and neutropenia
(p =0.009) between treated and untreated
patients, but there was no difference in the
prevalence of lymphopenia (p = 0.277).

The Comparison of Hematocyte Count
between Patients with SLE and Healthy
Controls

To further clarify the degree of reduction in
leukocyte, neutrophil, and lymphocyte counts
in patients with SLE, 104 healthy subjects were
included as a control group. A total of 91.4% (95
out of 104) healthy controls were female, with a
median age of 33.0years (range, 11.0—
81.0 years), and there were no significant dif-
ferences in these two parameters between the
patients with SLE and healthy controls. The
median leukocyte, neutrophil, and lymphocyte
counts in healthy controls were 5.95 x 10°/1,
3.45 x 10%/1, and 2.00 x 10°/1, respectively.
The median leukocyte count in SLE patients
with leukopenia was 2.80 x 10°/1, the median
neutrophil count in SLE patients with neu-
tropenia was 1.40 x 10°/, and the median
lymphocyte count in SLE patients with lym-
phopenia was 0.60 x 10°/1, which was 47.06,
40.58, and 30.00% of the healthy control group,
respectively. There was no difference in the
leukocyte levels between SLE patients without
leukopenia and healthy controls, while the
neutrophil count of SLE patients without neu-
tropenia was slightly higher than that of heal-
thy controls. However, the lymphocyte levels of
SLE patients without lymphopenia were still
lower than those of healthy controls (Fig. 1).

Leukopenia

A comparison of the clinical and laboratory
features of all patients with SLE, with and
without leukopenia, showed that leukopenia
was positively associated with neutropenia,
lymphopenia, thrombocytopenia, and anti-
dsDNA antibody and anti-ribosomal P protein
antibody. Neutrophil count, lymphocyte count,
platelet count, and C3 levels were lower in
patients with leukopenia. In addition, the
number of treated patients in the leukopenia
group was lower than that in the group without
leukopenia (Table 2).
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Fig. 1 Comparison of the blood cell count among SLE patients with hemocytopenia, SLE patients without hemocytopenia,
and healthy controls. The results are presented as the median (range). (*» < 0.05, *p < 0.01, ***p < 0.001)

Neutropenia

Upon the comparison of patients with and
without neutropenia, a significantly higher
incidence of leukopenia, lymphopenia, throm-
bocytopenia, and cylindruria was observed in
patients with neutropenia. Along with neu-
tropenia, patients had lower leukocyte counts,
lymphocyte counts, platelet counts, and C3
levels. Moreover, fewer patients received treat-
ment in the neutropenia group than in the
control group. However, there was no signifi-
cant difference in the antibody spectra between
the two groups (Table 3).

Lymphopenia

Lymphopenia was positively associated with a
number of clinical and laboratory parameters,
including leukopenia, neutropenia, thrombo-
cytopenia, anti-dsDNA antibody, anti-riboso-
mal P protein antibody, Coombs’ test,
hypocompleminemia, and cylindruria. Patients
with lymphopenia developed decreased leuko-
cyte count, neutrophil count, platelet count,
and C3 and C4 levels. However, there was no
difference in the treatment factors between the
two groups (Table 4).

It is worth noting that the SLEDAI 2000 score
differed between patients with and without
lymphopenia. We further examined the corre-
lation between lymphocyte count and disease

activity, and the results showed that lympho-
cyte count was negatively correlated with SLE-
DAI 2000 score (p=0.0016, Spearman
correlation coefficient = — 0.2788).

Multivariate Model

To identify multiple independent risk factors
for the dependent variables neutropenia and
lymphopenia, a binary logistic regression model
was applied. Independent risk factors for neu-
tropenia include decreased platelet count
(p =0.024, OR =0.992, 95% CI = 0.986-0.999)
and lymphocyte count (p = 0.042, OR = 0.313,
95% CI = 0.102-0.959), as well as the presenta-
tion of cylindruria (p = 0.046, OR = 4.825, 95%
CI = 1.030-22.609). For lymphopenia, the
independent risk factors were positivity for anti-
dsDNA antibody (p = 0.046, OR = 2.542, 95%
CI = 1.018-6.349) and Coombs’ test (p = 0.031,
OR =6.116, 95% CI = 1.179-31.716), decreased
platelet count (p =0.018, OR =0.994, 95%
CI = 0.989-0.999), and cylindruria (p = 0.037,
OR =10.683, 95% CI = 1.148-99.458).

DISCUSSION

In the present study, we retrospectively ana-
lyzed 125 patients with SLE and found that the
prevalence of leukopenia, neutropenia, and
lymphopenia was 40.0, 20.8, and 55.2%,
respectively. Moreover, the median leukocyte
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Table 2 Comparison of clinical and laboratory features between SLE patients with and without leukopenia

Variables With leukopenia (z = 50)  Without leukopenia (n = 75) p

Age (years), median (range) 35.5 (13.0-74.0) 37.0 (15.0-81.0) 0.747
Female 47 (94.0) 69 (92.0) 0.740
Disease duration (months), median (range) ~ 18.0 (0.2-324.0) 24.0 (0.1-360.0) 0.197
Treated patients 20 (40.0) 56 (74.7) < 0.001
C3 (g/l), median (range) 0.430 (0.060-0.960) 0.600 (0.200-1.120) 0.004
Neutropenia 26 (52.0) 0 (0) < 0.001
Neutrophil count (10°/1), median (range) 1.7 (0.5-2.8) 3.5 (1.9-9.5) < 0.001
Lymphopenia 43 (86.0) 26 (34.7) < 0.001
Lymphocyte count (10°/1), median (range) 0.7 (0.2-1.4) 1.3 (0.2-3.6) < 0.001
Thrombocytopenia 25 (50.0) 16 (21.3) 0.001
Platelet count (10°/1), mean & SD 131.2 £ 73.0 1919 + 945 < 0.001
Anti-dsDNA 41 (82.0) 48 (64.0) 0.029
Anti-ribosomal P protein 18 (36.0) 13 (17.3) 0.018

Except where indicated otherwise, values are 7 (%)

anti-dsDNA anti-double stranded DNA, C3 complement 3, SLE systemic lupus erythematosus

count, neutrophil count, and lymphocyte
count in the corresponding hemocytopenia
group were only 47.06, 40.58, and 30.00% of
the healthy control group, respectively. There-
fore, leukopenia, neutropenia, and lymphope-
nia are not only common clinical
manifestations of SLE but also the degree of
reduction in the number of leukocytes, neu-
trophils, and lymphocytes is very remarkable.
The prevalence of leukopenia in patients
with SLE reported in the literature varies greatly
from 22 to 60% [9, 10]. Leukopenia is usually
caused by either or both lymphopenia and
neutropenia. Low lymphocyte count com-
monly occurs in SLE, with a prevalence ranging
from 15 to 93%, while neutropenia was descri-
bed in 4.5% to 47% of patients [1, 9-12]. The
significant differences in the prevalence of
leukopenia, neutropenia, and lymphopenia
among these studies may be related to the
number of cases, race, region, treatment, and
research method used. First, the prevalence of
lymphopenia varies among ethnic populations
[3, 13, 14]. This study focused on the

characteristics of leukopenia in Han patients
with SLE, so only the Han population was
included. Second, the prevalence of leucopenia
and neutropenia in the treated group was sig-
nificantly lower than that in the untreated
group, suggesting that the treatment reduced
the prevalence of leukopenia and neutropenia.
Third, accompanying diseases may affect the
leukocyte levels. In order to detect the preva-
lence of leukopenia more accurately, we exclu-
ded patients with infection, liver cirrhosis,
malignant tumors, other connective tissue dis-
eases, and so on. Finally, this study confirmed
that lymphocyte count was negatively corre-
lated with the SLEDAI 2000 score, so the disease
status of the included patients may affect the
prevalence of lymphopenia.

Leukopenia was positively associated with
anti-dsDNA antibody, anti-ribosomal P protein
antibody, neutropenia, lymphopenia, and
thrombocytopenia in the present study, and
patients with leukopenia developed decreased
neutrophil counts, lymphocyte counts, platelet
counts, and complement C3 levels. In another
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Table 3 Comparison of clinical and laboratory features between SLE patients with and without neutropenia

With neutropenia (2 = 26)

Without neutropenia (2 = 99) p

Variables
Age (years), median (range) 424 + 173
Female 25 (96.2)

Disease duration (months), median (range)
10 (38.5)

Treated patients

C3 (g/1), mean &+ SD

Leukopenia 26 (100.0)
Leukocyte count (10°/1), median (range) 2.3 (1.3-3.4)
Lymphopenia 20 (76.9)
Lymphocyte count (10°/1), median (range) 0.7 (0.3-1.4)
Thrombocytopenia 18 (69.2)
Platelet count (10%/1), mean & SD 1163 £ 73.3
Cylindruria 6 (23.1)

18.0 (0.2-324.0)

0.390 (0.060-0.960)

39.0 + 14.9 0.368
91 (91.9) 0.684
24.0 (0.1-360.0) 0.434
66 (66.7) 0.009
0.530 (0.200-1.120) 0.004
24 (24.2) < 0.001
46 (24-12.5) < 0.001
49 (49.5) 0.012
1.1 (0.2-3.6) 0.001
23 (232) < 0.001
181.1 £ 91.0 0.001
6 (6.1) 0.009

Except where indicated otherwise, values are 7 (%)
C3 complement 3, SLE systemic lupus erythematosus

study, SLE patients with leukopenia also had an
increased incidence of lymphopenia, thrombo-
cytopenia, hemolytic anemia, anti-dsDNA
antibody positivity, lupus anticoagulant and
psychosis [15]. Recent research showed that
leukopenia was associated with anti-dsDNA
antibody positivity, low complement and
ESR > 25 mm/H [16]. We speculated that the
correlation between leukopenia and other
parameters may be due to the fact that neu-
tropenia or lymphopenia was related to these
parameters.

The present study showed that neutropenia
was not associated with any of the antibodies
studied, but was related to several clinical
parameters, including lymphocytes, platelets,
complement C3, and cylindruria. In a multi-
variate analysis, decreased platelet count and
lymphocyte count, as well as the presence of
cylindruria were identified as independent risk
factors for neutropenia. Martinez-Banos et al.
carried out a prospective study that included 33
SLE patients with moderate to severe neu-
tropenia (< 1000/ul) [17]. Patients with neu-
tropenia had a lower number of lymphocytes,
hemoglobin, and platelets, but no differences in

antinuclear antibodies were detected [17]. There
was also no significant association between any
autoantibody against nuclear antigens and
neutropenia in a study including 82 lupus ery-
thematosus patients [18]. A study including 208
SLE patients with neutropenia and 779 SLE
patients without neutropenia showed that
neutropenia was significantly associated with
thrombocytopenia, lymphopenia, and low
levels of complement C3 as determined in a
multivariate analysis, which was similar to our
results [19].

Anti-ribosomal P protein antibody has been
reported to be associated with diffuse psychi-
atric/neuropsychological syndromes in SLE, and
was also found to be associated with lym-
phopenia in several studies [20-24]. In a dataset
(GIPT) originating from patients with SLE from
six European tertiary centers, only anti-Sm
antibody was associated with lymphopenia in a
univariate model, while antibodies targeting
other nuclear antigens were not associated with
lymphopenia [25]. A cross-sectional, well-char-
acterized SLE dataset from Sweden presented
that anti-DNA antibody and anti-Sm antibody
were associated with lymphopenia as
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Table 4 Comparison of clinical and laboratory features between SLE patients with and without lymphopenia

Variables With lymphopenia (z = 69) Without lymphopenia (z = 56) p

Age (years), median (range) 33.0 (19.0-74.0) 37.5 (13.0-81.0) 0.221
Female 65 (94.2) 51 (91.1) 0513
Disease duration (months), median (range) 36.0 (0.2-360.0) 15.0 (0.1-240.0) 0.691
Treated patients 39 (56.5) 37 (66.1) 0.277
C3 (g/1), median (range) 0459 (0.060-1.110) 0.624 (0.070-1.120) 0.005
C4 (g/1), median (range) 0.083 (0.020-0.328) 0.129 (0.017-0.389) 0.008
Hypocompleminemia 63 (91.3) 40 (71.4) 0.004
Leukopenia 43 (62.3) 7 (12.5) < 0.001
Leukocyte count (10°/1), median (range) 32 (1.3-10.6) 5.3 (2.4-12.5) < 0.001
Neutropenia 20 (29.0) 6 (10.7) 0.012
Neutrophil count (10°/1), median (range) 2.2 (0.5-9.0) 2.9 (1.0-9.5) 0.001
Thrombocytopenia 29 (42.0) 12 (21.4) 0.015
Platelet count (10%/1), mean =+ SD 1455 + 81.3 194.9 =+ 96.0 0.002
Cylindruria 10 (14.5) 2 (3.6) 0.039
Anti-dsDNA 56 (81.2) 33 (58.9) 0.006
Anti-ribosomal P protein 22 (31.9) 9 (16.1) 0.042
Direct Coombs’ test 14 (20.3) 2 (3.6) 0.006
SLEDATI 2000 score 12.0 (1.0-34.0) 9.5 (0-39.0) 0.016

Except where indicated otherwise, values are 7 (%)

anti-dsDNA anti-double stranded DNA, C3 complement 3, C4 complement 4, CRP C-reactive protein, ESR erythrocyte
sedimentation rate, SLE systemic lupus erythematosus, SLEDAI 2000 systemic lupus erythematosus disease activity index

2000

determined using univariate and multivariable
analyses [25]. In the present study, lymphope-
nia was significantly positively associated with
anti-dsDNA antibody and anti-ribosomal P
protein antibody, and multivariable analysis
showed that anti-dsDNA antibody was an
independent risk factor for lymphopenia.
Compared with neutropenia, lymphopenia
showed a better correlation with the disease
activity parameters of SLE, including the C3,
C4, and SLEDAI 2000 scores, which was con-
sistent with the results from the GIPT and
Sweden SLE datasets. Moreover, in patients with
lymphopenia, leukocyte count, neutrophil
count, and platelet count decreased, and the
presence  of  cylindruria  increased. A

multiethnic, longitudinal outcome study from
the United States showed that lymphopenia was
found to be positively associated with renal
involvement, leukopenia and thrombocytope-
nia [3]. A GIPT and Sweden SLE dataset observed
that SLE patients with lymphopenia were more
likely to have leukopenia, thrombocytopenia,
and neurological manifestations [25]. In addi-
tion, Spearman rank correlation analysis
showed that the lymphocyte count was nega-
tively correlated with the SLEDAI 2000 score in
the present study. Therefore, the results of the
above studies, including ours, are consistent
despite some differences, suggesting that lym-
phopenia is associated with systemic damage
and disease activity in SLE. In addition, the
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present study found that the lymphocyte levels
of SLE patients without lymphopenia were still
lower than those of healthy controls, so even if
the lymphocytes of SLE patients are normal, the
low level of normal lymphocytes may also
indicate SLE disease activity.

Skare et al. found that Coombs’ test was
positive in 12.8% of SLE samples studied, and
was independently associated with hemolytic
anemia, anti-RNP antibody and anti-SSB anti-
body [26]. In the present study, the positive rate
of Coombs’ test was also 12.8%, and there was a
positive correlation between Coombs’ test and
lymphopenia, but we did not find any descrip-
tion of this relationship previously detected, so
the relationship between Coombs’ test and
lymphopenia is worthy of further study.

Certain limitations of this study must be
acknowledged. First, this was a cross-sectional
study, which may have led to the lower preva-
lence of leukopenia, neutropenia, and lym-
phopenia. Second, this was a single-center study
of the Chinese Han population, so the results of
this study may not be suitable for all patients
with SLE. Finally, the size of this cohort was
small, and the results may be biased; thus, a
larger trial is needed to further confirm these
results.

CONCLUSIONS

In conclusion, leukopenia, neutropenia, and
lymphopenia are common clinical manifesta-
tions in Chinese Han patients with SLE, and the
degree of reduction in the number of leuko-
cytes, neutrophils, and lymphocytes is also very
remarkable. Lymphopenia is associated with
disease activity in SLE, and the independent risk
factors for lymphopenia were positive anti-
dsDNA antibody, positive Coombs’ test,
decreased platelet count, and the presence of
cylindruria. The correlation between Coombs’
test results and lymphopenia deserves further
study.
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