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Abstract
The coexistence of pemphigus and systemic lupus erythematosus (SLE) had been reported anecdotally. Anti-
desmoglein (Dsg)1 and anti-Dsg3 antibodies were detected concomitantly with antinuclear autoantibodies among
blood donors. The aim of the current study was to study the association between pemphigus and SLE in Israeli
patients and to synthesize existing data on this association in the current literature. The current study included two
sections. Initially, a cross-sectional study was performed to compare pemphigus patients with age-, sex-, and
ethnicity-matched control subjects regarding the prevalence of SLE using a real-life large-scale computerized data-
base. Next, a systematic review and meta-analysis of similar observational studies in Medline, Embase, and Web of
Science (1823–2017) was conducted. As for the cross-sectional study, a total of 1985 patients with pemphigus and
9874 controls were included in the study. The prevalence of SLE was slightly higher among patients with pemphi-
gus as compared to controls (OR, 1.85; 95% CI, 0.89–3.82). In a sensitivity analysis that included patients who
received pemphigus-related treatments, the association between pemphigus and SLE had been substantiated and was
statistically significant (OR, 2.10; 95% CI, 1.00–4.48). In the meta-analysis section, three eligible studies, comprising
10,389 pemphigus patients met the eligibility criteria. The overall pooled multivariate OR was 2.50 (95% CI 1.54–
4.07, I2 = 44.19%, P = 0.167) across all studies. In conclusion, the meta-analysis provides epidemiologic evidence
that these B cell-driven diseases are significantly associated. Further research is required to elucidate the molecular
mechanism underlying this association.
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Introduction

The simultaneous occurrence of pemphigus and systemic lu-
pus erythematosus (SLE) has been reported in several individ-
uals [1]. However, observational studies aiming to investigate
the association between these two antibody-mediated diseases
are scarce and inconclusive [2–4]. A large-scale serological
study among healthy blood donors revealed concomitant de-
tection of anti-Dsg1 and anti-Dsg3 with antinuclear autoanti-
bodies (ANA), the main immunological hallmark of SLE [5,
6]. A recent in silico study revealed novel mutual candidate
genetic markers and pathways in CD4+ T cells that are shared
between pemphigus and SLE [7].

The primary endpoint of the current study is to further
define the association between pemphigus and SLE using a
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large-scale population-based study. Additionally, we per-
formed a systematic review and meta-analysis with the aim
to synthesize the current data from previous observational
studies about the relationship between these two conditions.

Methods

Cross-sectional study section

We utilized the Clalit Healthcare Services (CHS) database of
health information collected between the years 2004 and 2014
to conduct this population-based cross-sectional study.
Further information regarding the dataset is elaborated in our
previous publications [8–10]. Patients were defined as having
both pemphigus and SLE when at least two documented di-
agnoses of these entities were registered in their medical re-
cords by a physician in the community, or when both pemphi-
gus and SLE were in the listed diagnoses within discharge
letters from a hospital. Up to five control patients were ran-
domly selected for each case patient. The case and control
groups were frequency-matched in terms of sex, age, and eth-
nicity. This study was approved by the institutional ethical
board of Ben-Gurion University and by CHS.

We compared the distribution of sociodemographic and
clinical variables between patients with and without

pemphigus using Chi-square and Student t tests.We compared
the prevalence of SLE between the study groups in the entire
study sample as well as in the age and sex subgroups. Crude
odds ratio (OR) as well as 95% confidence interval (CI) are
presented. A logistic regression model was used to estimate
the association between pemphigus and SLE in a multivariate
analysis. All statistical analyses were performed using the
SPSS software, version 23 (SPSS, Chicago, IL, USA).

Systematic review and meta-analysis section

The literature review was conducted using Ovid-Medline
(1946–present), Embase (1947–present), and Web of
Science (1900–present) to identify eligible studies.
Publications up to May 3, 2018 were searched independently
and cross-checked by two researchers. The search strategies
are detailed in the Supplementary Table 1. Reference lists of
included studies were further screened for additional eligible
publications.

Studies were excluded based on the title and/or abstract if
there was no clear indication that they investigated the asso-
ciation of pemphigus with SLE. Reviews, case series, and
uncontrolled observational studies lacking ORs were all ex-
cluded. Two researchers independently performed data extrac-
tion from included studies, and any differences were resolved
by discussion. Each paper was critically reviewed for the

Table 1 Descriptive
characteristics of the study
participants

Characteristic Patients with pemphigus (N = 1985) Controls (N = 9874) P value

Age, years

Mean ± SD 72.1 ± 18.5 72.1 ± 18.5 1.000
Median (range) 77.4 (0–103.0) 77.4 (0–103.1)

Male sex, N (%) 797 (40.2%) 3962 (40.1%) 0.934

Ethnicity, N (%)

Jews 1805 (90.9%) 8866 (89.8%) 0.136
Arabs 180 (9.1%) 1008 (10.2%)

BMI, kg/m2 (Mean ± SD) 27.7 ± 6.6 27.9 ± 6.6 0.355

Smoking, N (%) 510 (25.7%) 2758 (27.9%) 0.045

SES, N (%)

Low 634 (31.9%) 3249 (32.9%) 0.386

Intermediate 830 (41.8%) 4263 (43.2%) 0.250

High 423 (21.3%) 2217 (22.5%) 0.241

Charlson comorbidity score, n (%)

None (0) 344 (17.3%) 2636 (26.7%) < 0.001

Moderate (1–2) 582 (29.3%) 3183 (32.2%) 0.011

Severe (≥ 3) 1059 (53.4%) 4055 (41.1%) < 0.001

Healthcare utilization, n (%)

0 visits 286 (14.4%) 770 (7.8%) < 0.001

1–12 visits 411 (20.7%) 2094 (21.2%) 0.248

≥ 13 visits 1288 (64.9%) 7010 (71.0%) < 0.001

N, number; SD, standard deviation; BMI, body mass index; SES, socioeconomic status
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crude OR, multivariate OR, and 95% CI for ORs. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of
nonrandomized studies in meta-analysis was used [11].
High-quality studies were defined as a score of at least 6 out
of 9 total points on the NOS. Egger test and funnel plot were
used to assess for potential publication bias.

The overall pooled estimate and 95% CI were obtained
using either a fixed (inverse variance methods) or random
(DerSimonian and Laird) effects meta-analysis model, de-
pending on the heterogeneity. Significant heterogeneity of re-
sults was detected across studies using a Cochrane Q statistic
P value less than 0.05, I2 statistic greater than 50%, or both. A
2-sided P value of 0.05 was considered to be significant.
Statistical analyses were conducted using a Comprehensive
Meta-Analysis software (version 3.3, 2014), Englewood, NJ,
USA.

Results

Cross-sectional study section

Our study included a total of 1985 patients diagnosed with
pemphigus between 2004 and 2014 and 9874 age-, sex-, and
ethnicity-matched control subjects. The mean (± SD) age at
presentation of pemphigus was 72.1 ± 18.5 years, which is
identical to the age of enrollment of controls. In all, 797
(40.2%) of cases were male, with a similar proportion seen
in controls. Ethnicity and socioeconomic status of the two
groups were also similar. Comorbidity rates, as measured by
the Charlson index, were higher in cases, with 1059 (53.4%)
patients affected by severe comorbidity relative to 4055
(41.1%) control subjects (P < 0.001; Table 1).

The prevalence of SLE was slightly higher among patients
with pemphigus (0.5%) as compared to controls (0.3%), al-
though it did not exceed the conventional level of statistical
significance (OR, 1.85; 95% CI, 0.89–3.82). Table 2 summa-
rizes ORs for SLE in patients with pemphigus and controls
across the entire study sample, as well as across stratifications
by age, sex, ethnicity, and smoking status. The association of
SLE and pemphigus was statistically significant among pa-
tients aged between 40 and 60 years but was inconclusive in
the remaining age categories, in both sexes, and regardless of
the smoking status (Table 2).

We performed a sensitivity analysis that included only
pemphigus patients prescribed one of the following
Bpemphigus-related treatments^: systemic corticosteroids, ad-
juvant immunosuppressive agents (azathioprine, mycopheno-
late mofetil, cyclophosphamide), or one or more cycles of
rituximab. In our analysis, the association between pemphigus
and SLE was confirmed and exceeded the level of statistical
significance (OR, 2.10; 95% CI, 1.00–4.48; Table 2). In a
multivariate logistic regression model, no association was Ta
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observed between pemphigus and SLE (OR, 1.52; 95% CI,
0.73–3.16; P = 0.263) after adjusting for comorbidities and
overutilization of healthcare services (Table 2).

Systematic review and meta-analysis section

The literature search yielded 612 manuscripts. Five additional
articles were identified via other sources. Four hundred and
fourteen articles were duplicates, and 188 were unrelated to
the association between pemphigus and SLE. Full-text review
was performed on the remaining 15 articles. Overall, two
studies fulfilled the eligibility criteria and were included in
the quantitative synthesis [3, 4]. The current cross-sectional
study met the eligibility criteria and was therefore included in
the quantitative synthesis. The Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) flow dia-
gram is demonstrated in Fig. 1.

The three eligible studies comprised a total of 10,389
pemphigus patients from three different countries,
encompassing participants of all ages, both males and

females. Study publication dates ranged from the years
2016 to 2018, and follow-up periods covered the years
1997–2014. The mean age of patients with pemphigus in
the different study cohorts ranged between 58.0 in Taiwan
[3] and 72.1 years in Israel. Quality assessment using the
NOS scale revealed that two of the three included studies
had scores of six or greater. The studies’ characteristics
are described in Table 3.

Multivariate ORs for SLE among patients with pem-
phigus ranged from 1.52 (95% CI, 0.73–3.16) in Israel
to 4.46 (95% CI, 1.88–10.60) in Taiwan [3]. The pooled
multivariate OR was 2.50 (95% CI, 1.54–4.07; I2 =
44.19%; P = 0.167) across all studies (Fig. 2). In a sensi-
tivity analysis excluding the study with low NOS [4], the
pooled OR did not change substantially (OR, 2.54; 95%
CI, 0.89–7.28; I2 = 95.0%; P < 0.001).

Publication bias was not identified, as seen by the nonsig-
nificant result of the Egger test for asymmetry of funnel plot
regression for the main outcome of the study (P = 0.300;
Supplementary Fig. 1).
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- Serological studies that did not refer to the 
clinical manifesta�on of SLE (n=4)

-Uncontrolled observa�onal studies that did 
not calculate ORs (n=5)

- Observa�onal studies that did not address 
the prevalence of SLE among other 
comorbidi�es in pemphigus (n=3)

Studies included in 
qualita�ve synthesis

(n = 3; including the current 
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Studies included in 
quan�ta�ve synthesis (n = 3; 
including the current study)

Fig. 1 PRISMA flow diagram of
literature search and study
selection for meta-analysis
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Discussion

The current large-scale cross-sectional study reveals that the
association between pemphigus and SLE in Israeli patients fell
narrowly short of significance (OR, 1.85; 95% CI, 0.89–3.82).
To our knowledge, we have performed the first systematic
review and meta-analysis synthesizing data across controlled
observational studies that examine the relationship between
these two antibody-mediated diseases. This quantitative syn-
thesis showed that pemphigus and SLE are significantly asso-
ciated (pooled OR, 2.50; 95% CI, 1.54–4.07).

BThe Autoimmune Diathesis^ is an acceptable concept
claiming that individuals affected by an autoimmune disease
are more predisposed to suffer from other simultaneous auto-
immune disease [12–14]. Based on previous observational
studies, pemphigus was found to be associated with other
autoimmune diseases, including rheumatoid arthritis [2, 15],
autoimmune thyroid diseases [2, 15], type I diabetes mellitus
[2], Sjögren’s syndrome [3], alopecia areata [3], ulcerative
colitis [16], and myasthenia gravis [4]. Similarly, SLE was
reported to cluster with a wide range of autoimmune disorders,
with one study reporting that 30% of SLE patients had at least
one other autoimmune disease [17].

In 2007, Malik and Ahmed [1] reviewed the literature and
summarized eight cases with a definitive dual diagnosis of
SLE and pemphigus; seven of them presented with pemphigus
vulgaris, whereas the remaining patient had pemphigus ery-
thematosus. The course of the two diseases among these pa-
tients appeared unrelated, while the demographic profile was
more typical of SLE than of pemphigus vulgaris. In their clus-
ter analysis, Parameswaran et al. [2] identified a distinct auto-
immune cluster linking pemphigus vulgaris with SLE, auto-
immune thyroid diseases, and rheumatoid arthritis. This study
was not included in the quantitative synthesis since it did not
comprise a matched control group [2].

The findings of the meta-analysis are reinforced by
serological studies demonstrating that patients with pem-
phigus vulgaris more frequently test positive for non-
organ-specific autoantibodies, including ANA [18, 19].
Actually, ANA was detected in approximately one third
of patients with pemphigus vulgaris, leading some authors
to advocate for screening for signs and symptoms of con-
nective tissue disease in these patients [18, 19]. Moreover,
the most commonly recognized staining pattern of ANA
on indirect immunofluorescence among pemphigus pa-
tients was the homogeneous pattern, which is more impli-
cated with active SLE [18]. The co-occurrence of Dsg1
and Dsg3 with SLE-associated ANA in a study of 6000
healthy blood donors may indicate a shared control of the
production of these autoantibodies [6]. The recently iden-
tified molecular mechanisms and pathways between pem-
phigus and SLE may also lend credibility to the findings
of our pooled analysis [7].Ta
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The molecular mechanism underlying this association has
yet to be elucidated. However, the coexistence of pemphigus
and SLE may provide a novel opportunity to study if targeted
therapies that remove the B lymphocyte clones that generate
autoantibodies are associated with either disease or with both
[1]. It is well established that both patients with pemphigus
and SLE often show autoantibodies to several antigens, im-
plying that epitope-spreading phenomenon might play a part
in the pathogenesis [20, 21]. In this concept, an inflammatory
event exposes new target antigens to the immune system, thus
inducing a subsequent autoimmune response to new antigens
[22]. Further research is necessary to glimpse through the
pathomechanism by which these conditions are interrelated.

The cross-sectional study limitations include a lack of data
concerning the immunopathological subtype, clinical features,
and severity of the diseases. The utilization of routinely col-
lected data interferes with a direct validation of diagnoses;
however, it is improbable that significant misclassification
meaningfully interfered with our findings. To counter such
misclassification, we performed a sensitivity analysis to vali-
date the diagnosis of pemphigus among cases. The meta-
analysis may be limited by the fact that all included studies
were retrospective and observational, with several methodo-
logical limitations, and that the pooled studies had different
sample sizes and geographic locations. However, the low het-
erogeneity across most comparisons increases its validity.

In conclusion, although the association of pemphigus and
SLE was of only marginal statistical significance among
Israeli patients in the current cross-sectional study, the subse-
quent meta-analysis indicates that these B cell-driven diseases
are significantly associated. Given the epidemiological, sero-
logical, and genetic evidence, clinicians caring for patients
with pemphigus should be aware of this association.
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