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Abstract: This article aims to analyze the frequency and clinical

characteristics of peripheral neuropathy (PN) in patients with systemic

lupus erythematosus (SLE).

A total of 4924 SLE patients admitted to the Peking Union Medical

College Hospital, Beijing, China, from January 1995 to September 2013

were included in this retrospective analysis. The individuals designated

as control patients were selected from the pool of SLE patients without

PN using the systematic sampling method of 1:2 during the same time.

The prevalence of SLE-associated PN (SLE-PN) in SLE patients

was 1.5% (73/4924). Seventy-nine cases of PN affected 73 patients and

6 of these patients (8.2%) presented with 2 types of PN. Among the 7

types of PN, polyneuropathy was the most frequent and was diagnosed

in 47 cases (59.5%); the remaining patients suffered from mononeuro-

pathy (13.9%), cranial neuropathy (12.7%), myasthenia gravis (10.1%),

autonomic neuropathy (2.5%), or acute inflammatory demyelinating

polyradiculoneuropathy (1.3%). Five patients developed PN before the

onset of SLE (3 out of 5 patients had myasthenia gravis). The most

common PN-related symptoms were myasthenia and numbness

(50.6%), followed by pain in affected regions (35.9%). PN symptoms

were relieved in a majority of the patients (76.7%) after treatment.

Compared with non-SLE-PN patients, patients with SLE-PN had a

higher frequency of fever (65.8% vs 45.9%, P< 0.01), mucocutaneous

involvement (73.9% vs 36.3%, P< 0.01), arthritis (42.5% vs 28.1%,

P< 0.05), myositis (17.8% vs 5.5%, P< 0.01), and central nervous

system involvement (38.4% vs 21.9%, P< 0.05) as well as being
ong, MD, Li Huiy an, MD,
d Zeng Xiaofeng, MD

difference was found between the Systemic Lupus Erythematosus

Disease Activity Index scores in SLE-PN patients compared with the

non-SLE-PN patients (P< 0.05). Multivariate logistic regression

showed that the only risk factor for PN was IgG elevation (odds

ratio¼ 2.553, 1.224–5.327, P¼ 0.012).

The prevalence of PN in SLE occurs more frequently in patients

with an active form of the disease. IgG elevation is a risk factor for SLE-

PN and should be assessed in these patients. Young female patients with

myasthenia gravis should be closely monitored for the development of

SLE.

(Medicine 94(11):e625)

Abbreviations: ACR = American College of Rheumatology, IgG =

immunoglobulin G, NCV = nerve conductive velocity, PN =

peripheral neuropathy, SLE = systemic lupus erythematosus, SLE-

PN = SLE-associated PN.

INTRODUCTION

S ystemic lupus erythematosus (SLE) is an autoimmune dis-
ease characterized by multiorgan involvement and the

production of multiple autoantibodies. Neuropsychiatric mani-
festations in SLE patients are frequently reported with a preva-
lence of 37% to 90%, which is mainly associated with the
central nervous system (rarely in the peripheral nervous sys-
tem).1–3 Previous studies have demonstrated a significant
decrease in the age and gender-standardized physical com-
ponent summary scores (which derived from the SF-36 ques-
tionnaire and evaluated the physical condition on health-related
quality of life) in SLE patients with peripheral neuropathy (PN)
compared with those SLE patients without PN.4 Thus, SLE-
associated PN (SLE-PN) may be associated with decreased
quality of life in these patients, despite the fact that PN alone
rarely impacts the risk of death. To date, no systematic clinical
strategies and/or guidelines are available for the clinicians, as a
limited number of studies on SLE-PN have been published to
date. In this study, we aimed to evaluate the prevalence and
clinical manifestations of SLE-PN patients using a large sample
size study to investigate characteristics at the terms of onset,
during treatment, and disease prognosis.

MATERIALS AND METHODS
Data from a total of 4924 patients with SLE admitted in

Peking Union Medical College Hospital, Beijing, China, from
January 1995 to September 2013 were retrospectively analyzed.
All patients fulfilled the classification criteria for SLE proposed
by the American College of Rheumatology (ACR) in 1982.5

Peripheral neuropathies were defined according to the ACR
nomenclature and case definitions for neuropsychiatric syn-
online at http:///www.rheumatology.org/
99.6 The individuals designated as con-
ted from a pool of SLE patients without
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patients compared with non-SLE-PN patients (P< 0.05). No
significant difference was found in the mortality of non-SLE-
PN patients compared with SLE-PN patients (P¼ 0.117).

TABLE 1. Subtypes of Peripheral Neuropathy Identified in
This Study

Cases of SLE-PN
�

Polyneuropathy, n (%) 47 (59.5%)
Mononeuropathy, n (%) 11 (13.9%),
Cranial neuropathy, n (%) 10 (12.7%)
Myasthenia gravis, n (%) 8 (10.1%)
Autonomic neuropathy, n (%) 2 (2.5%)
Acute inflammatory demyelinating

polyradiculoneuropathy
1 (1.3%)

Plexopathy, n (%) 0
PN using the systematic sampling method of 1:2 during the
same time. Patients with PN caused by non-SLE disease (eg,
diabetes mellitus and heavy alcohol consumption) were
excluded. SLE-related demographic, clinical, and laboratory
data, as well as the treatment and prognosis, were also recorded.
The local institutional review board approved the study.
Because the study was based on a review of medical records
that had been obtained for clinical purposes, the requirement for
written informed consent was waived.

DATA COLLECTION
Disease duration was defined as the time from onset of

SLE to admission. Mucocutaneous involvement included malar
rash and other rashes related with SLE, aphthous ulcers, alo-
pecia, and photosensitivity. Myositis was defined as muscle
weakness as well as the elevation of creatine kinase, with or
without myogenic damage in electromyogram, and muscle
damage caused by non-SLE disease (eg, hyperthyroidism and
application of glucocorticoid) was excluded. Digestive system
involvement was defined as gastrointestinal manifestations
related with SLE, including intestinal pseudoobstruction,
protein-losing enteropathy, and others. Respiratory system
involvement was defined as lung manifestations related with
SLE, including interstitial lung disease, alveolar hemorrhage,
and others. Kidney involvement was defined as renal impair-
ments due to SLE, including proteinuria, microscopic hema-
turia, renal tubule acidosis, and others. Kidney insufficiency
was defined as creatinine higher than normal value or creatinine
clearance rate lower than normal value. Hematological invol-
vement was defined as white blood cell or platelet lower than
normal value and hemolytic anemia due to SLE. Central nerve
systemic involvement was defined according to the ACR
nomenclature and case definitions for neuropsychiatric syn-
dromes in SLE.6

Statistical Analysis
Data analysis was performed using the statistical packages

for SPSS 15.0 software (SPSS Inc., Chicago, IL). Quantitative
results were presented as mean� standard deviation, or
median, interquartile range. The Student t test was used for
the intergroup comparison of data normally distributed. For the
data that was nonnormally distributed, the Mann–Whitney test
was performed. The x2 test was used for the analysis of
enumeration data. P< 0.05 was considered to be statistically
significant. Multivariate logistic regression was used to evalu-
ate an association of presence versus absence of PN using those
covariates that were statically significant based on the
univariate analysis.

RESULTS

Patient Characteristics
The frequency of SLE-PN was 1.5% (73 of 4924 patients).

A total of 79 cases of PN were observed in 73 patients, and 6
patients presented with 2 types of PN. The different subtypes of
PN are summarized in Table 1. Among the 7 subtypes of PN
identified in this study, polyneuropathy was the most common
form and occurred in 47 cases (59.5%). The remaining patients
were reported to suffer from mononeuropathy (13.9%), cranial
neuropathy (12.7%), myasthenia gravis (10.1%), autonomic

Xianbin et al
neuropathy (2.5%), or acute inflammatory demyelinating poly-
radiculoneuropathy (1.3%); no plexopathy was observed.
Among the 73 SLE-PN patients, 5 patients developed PN
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(3 manifested by myasthenia gravis) before the onset of
SLE, 13 patients developed PN simultaneously with SLE,
and the remaining 55 patients developed PN approximately
46.9� 83.5 months after the onset of SLE.

Clinical Manifestations and Prognosis of PN
The most common PN-related symptoms were myasthenia

and numbness in affected regions (50.6%). Twenty-eight
patients (38.4%) experienced pain in the affected regions. Five
patients (6.8%) were confirmed to have PN according to the
neuroelectrophysiological tests, although no clinical symptoms
of PN were observed. A majority of patients were symmetri-
cally affected by PN (63.7%), which involved the sensory
(67.5%) and motor nerves (49.3%). Most of the PN-related
symptoms (76.7%) were relieved after treatment during a
follow-up of 5.2� 16.2 months.

SLE-Associated Clinical Manifestations
Table 2 shows a comparison of demographic information

and clinical manifestations between SLE-PN and non-SLE-PN
patients. No statistical difference was found in SLE duration in
SLE-PN patients, and these patients were older than patients
with non-SLE-PN at the onset of the disease (P¼ 0.007).
Compared with non-SLE-PN patients, SLE-PN patients were
prone to develop fever (P¼ 0.006), skin and mucous membrane
conditions (P¼ 0.000), arthritis (P¼ 0.033), myositis
(P¼ 0.003), and central nervous system conditions
(P¼ 0.010). In addition, 5 patients had neuromyelitis optica.

Laboratory Tests, Treatment, and Mortality of
SLE

Serological markers for SLE-PN and non-SLE-PN patients
are shown in Table 3. Anti-Sm antibody (anti-Sm) positivity
and complement 3 hypocomplementemia occurred more fre-
quently in the patients with SLE-PN compared with non-SLE-
PN patients (P< 0.05). In addition, remarkable elevated levels
of serum immunoglobulin G (IgG) in SLE-PN patients were
observed compared with non-SLE-PN patients (P< 0.05). The
Systemic Lupus Erythematosus Disease Activity Index (SLE-
DAI) score, treatment, and mortality are shown in Table 4,
which revealed a significantly higher SLEDAI score in SLE-PN

Medicine � Volume 94, Number 11, March 2015
PN¼ peripheral neuropathy, SLE ¼ systemic lupus erythematosus.�
79 cases of PN occurred in 73 patients.
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TABLE 2. Demographic Information and Clinical Manifestations in SLE-Related PN and Non-SLE-Related PN Patients

SLE-PN Patients (n¼ 73) Non-SLE-PN Patients (n¼ 146) P Value

Age, y, mean�SD 36.9� 1.4 31.7� 1.3 0.007
Gender (male/female) 6/67 21/125 0.191
Disease duration, mo, median (interquartile range) 24.0 (58.0) 24.0 (67.0) 0.922
Fever, n (%) 48 (65.8) 67 (45.9) 0.006
Raynaud phenomenon, n (%) 21 (28.8) 26 (17.8) 0.063
Mucocutaneous involvement, n (%) 54 (73.9) 53 (36.3) 0.000
Arthritis, n (%) 31 (42.5) 41 (28.1) 0.033
Myositis, n (%) 13 (17.8) 8 (5.5) 0.003
Digestive system involvement, n (%) 6 (8.2) 26 (17.8) 0.058
Respiratory system involvement, n (%) 7 (9.6) 27 (18.5) 0.086
Kidney involvement, n (%) 39 (53.4) 94 (64.4) 0.117

Proteinuria, n (%) 32 (43.8) 78 (53.4) 0.085
Microscopic hematuria, n (%) 22 (30.1) 56 (38.4) 0.231

Kidney insufficiency, n (%) 6 (8.2) 24 (16.4) 0.095
Hematological involvement, n (%) 39 (53.4) 62 (42.4) 0.125
Central nervous system involvement, n (%) 28 (38.4) 32 (21.9) 0.010

neur
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Seven covariates were further analyzed. The only charac-

teristic associated with SLE-PN was elevated levels of serum
IgG (odds ratio¼ 2.553, 1.224–5.327, P¼ 0.012) (Table 5).

DISCUSSION
In this study, we present a retrospective longitudinal study

with a large sample size and focused on the prevalence, clinical
symptoms, and prognosis of patients with SLE-PN in China.

In our study, the prevalence of PN was 1.5%, which is

Non-SLE-PN¼ nonsystemic lupus erythematosus-related peripheral
lower than that found in the previous studies in which SLE-PN
was reported to occur in 2.2% to 32% of the population.7–9 We
hypothesize that multiple factors contributed to this

TABLE 3. Laboratory Results for SLE-Related PN and Non-SLE-Re

SLE-PN Patients

Anti-dsDNA antibody, n (%) 36 (49.3)
Anticardiolipin antibody, % 7.8
Lupus anticoagulant, % 23.4
Antineutrophil cytoplasmic antibody, % 3.7
Anti-Sm antibody, % 31.4
Anti-RNP antibody, % 44.3
Anti-SSA antibody, % 44.3
Anti-SSB antibody, % 8.6
Anti-rRNP antibody, % 15.7
Elevated erythrocyte sedimentation rate, % 66.7
Elevated C-reactive protein level, % 35.5
Decreased complement 3, n (%) 40 (54.8)
Decreased complement 4, n (%) 32 (43.8)
Decreased total complement (CH50), n (%) 29 (39.7)
Elevated immunoglobulin G, % 53.6
Elevated immunoglobulin M, % 10.1
Elevated immunoglobulin A, % 26.1

Non-SLE-PN¼ nonsystemic lupus erythematosus-related peripheral neur

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
discrepancy. First, there was no normative definition for PN
before 1999. Since the ACR proposed a definition for SLE-NP
in 1999, 7 subtypes of PN in SLE have been identified and the
diagnosis of PN has been subsequently standardized. The
prevalence of SLE-PN was reported to be 2.2% to 8.2% after
1999, which is lower than in older reports, although still higher
than that found in our study. Second, many non-SLE-related
factors could cause PN in SLE patients, for example, com-
pression syndromes, drug toxicity, and diabetes mellitus,10

making it difficult for clinicians to differentiate between them.
Third, the diagnosis criteria of SLE-PN vary in different studies.

opathy, SD ¼ standard deviation.
For example, in a study by Hanly et al,11 the patients presenting
with PN-related manifestations, but without electrophysiologi-
cal data, were excluded. Our study is retrospective and the

lated PN Patients

(n¼ 73) Non-SLE-PN Patients (n¼ 146) P value

62 (42.5) 0.337
8.2 0.554

19.4 0.577
5.9 0.551

18.8 0.043
30.4 0.052
46.1 0.807

7.8 0.851
12.7 0.593
65.5 0.862
28.5 0.328

54 (36.9) 0.012
77 (52.7) 0.214
55 (37.7) 0.768

31.7 0.004
6.2 0.349

24.2 0.786

opathy.
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TABLE 4. Treatment and Prognosis for SLE in SLE-Related PN and Non-SLE-Related PN Patients

SLE-PN Patients (n¼ 73) Non-SLE-PN Patients (n¼ 146) P Value

SLEDAI score, median (interquartile range) 12.0 (10.5) 10.4 (9.25) 0.020
Hormone dosage, median (interquartile range) 58.0 (948.0) 54.0 (949.0) 0.178
Mortality 4.1% 10.3% 0.117

neu
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electrophysiological examination rate was low, which may have
resulted in missed diagnoses of some asymptomatic patients. In
addition, up to now no specific data for Asian populations have
been reported, and genetic characteristics may contribute to
these observations.

The most common type of PN was polyneuropathy with
sensory involvement, followed by mononeuropathy, which is
similar to previous findings by Brandusa et al.4 There have been
rare cases reported of SLE patients with myasthenia gravis. In
our study, 8 patients with myasthenia gravis were reported, and
3 young females (37.5%) were confirmed to have myasthenia
gravis at 6 to 14 months prior to the development of SLE (19,
23, and 36 years old, respectively). Therefore, proper follow-up
should be carried out for young female patients with
myasthenia gravis.

In accordance with the study by Brandusa et al,4 a remark-
able increase was noted in the SLEDAI score in SLE-PN
patients. In addition, SLE-PN patients often had complications
with central nervous system involvement, especially in patients
with optic nerve involvement, which was also more likely to be
complicated by myelitis. All of these findings suggest active
SLE disease in SLE-PN patients, which is also consistent with
the high frequency of other manifestations of active disease,
including fever, mucocutaneous involvement, arthritis, myosi-
tis, and the decrease of complement in those patients.12 How-
ever, a recent study reported lower disease activity and a
decreased frequency of mononeuritis multiplex (7%)9; differ-
ences in disease activity are thought to account for differences
in the frequency and spectrum of PN.

A higher rate of anti-Sm antibody-positive results has been
noted in PN patients.13 Moreover, the presence of anti-cardi-

Non-SLE-PN¼ nonsystemic lupus erythematosus-related peripheral
Index.
olipin antibody has been confirmed previously in SLE-PN
children.14 Our study showed that the prevalence of PN was
higher in patients with positive anti-Sm antibody; however, the

TABLE 5. Multivariate Logistic Regression in SLE-Related PN and

OR

Central nervous system involvement 1.805
Mucocutaneous involvement 1.541
Arthritis 1.526
Myositis 1.688
Anti-Sm antibody 1.010
Elevated IgG 2.553
Decreased complement 3 0.773

CI ¼ confidence interval, IgG ¼ immunoglobulin G, OR ¼ odds ratio,

4 | www.md-journal.com
association between anti-Sm and the pathogenesis of PN
remains controversial.4,15

Currently, the pathogenesis of SLE-PN is still not well
defined. Previous studies have revealed several factors associ-
ated with the onset of SLE-PN, including disorders of small
vessel, vasculitis, deposits of immune complexes, or injury due
to production of antibodies. Roald et al16 showed that small
nerve fiber involvement was partially responsible for the onset
of SLE. Small fiber neuropathy is a frequently occurring PN.9 In
addition, Mawrin et al17 reported that the upregulation of matrix
metalloproteinase-3 and matrix metalloproteinase-9 may be
related to vessel wall injury, resulting in a chronic combined
axonal and demyelinating type of SLE-PN.17 Our findings
indicate that IgG elevation is an important factor of SLE-PN.
IgG elevation is the result of immune dysfunction and reflects B
lymphocyte hyperfunction, resulting in production of autoanti-
bodies and cytokines, activation of T lymphocytes, and the
onset of PN. Thus, we propose that the immunological reactions
to nerve tissue may play an important role in the pathogenesis of
SLE-PN.

Manifestations were comparatively absent in some PN
patients, especially at the early stage, but the electrophysio-
logical tests (neural conduction test and the electromyogram)
were aberrant. In a study of 38 SLE patients, decreased nerve
conductive velocity (NCV) was noted in 9 patients (23.6%), and
approximately 50% of them showed no nervous system mani-
festations,10 indicating that electrophysiological investigations
are of prime importance for the diagnosis of PN at early stage. In
our study, electrophysiological investigations were carried out
in 80% of the SLE-PN patients. NCV could be used as a suitable
method for the diagnosis of PN. However, a recent study

ropathy, SLEDAI ¼ Systemic Lupus Erythematosus Disease Activity
showed that some SLE patients present with patchy, asym-
metric, and proximal neuropathic pain, which is markedly
different from a stocking glove distribution. In these patients,

Non-SLE-Related PN Patients

95.0% CI

P ValueLower Upper

0.844 3.857 0.128
0.742 3.202 0.246
0.746 3.124 0.247
0.667 4.276 0.269
0.435 2.342 0.982
1.224 5.327 0.012
0.387 1.541 0.464

PN ¼ peripheral neuropathy, SLE ¼ systemic lupus erythematosus.
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abnormal skin biopsy findings, but normal findings from elec-
trodiagnostic studies were noted.9

To date, there have not been any large-size or case–control
studies on the treatment of PN. In 2010, the European League
Against Rheumatism recommended that permanent treatment
with glucocorticoids and immunosuppressants should be con-
sidered for SLE-PN patients with severe disease.18 A controlled
clinical trial in SLE patients with severe PN manifestations
showed that intravenous (IV) cyclophosphamide treatment was
more effective than IV methylprednisolone.19 In addition, a
previous retrospective study indicated that cyclophosphamide
could prevent the relapse of vasculitic PN.20

It is hard to draw conclusions on the outcomes of the SLE-
PN based on our retrospective study. In the future, large
randomized controlled trials are needed to evaluate the most
efficient treatment strategy for treating PN in SLE patients in
order to improve the life quality and outcomes of these patients.
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