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Abstract
Emerging evidence suggests that there are IgM-autoantibodies that may play protective roles in
SLE. While IgM are often considered polyreactive, we postulate that there are distinct sets of IgM-
autoantibodies of defined autoreactive specificities relevant to different features of SLE. We
examined the relationships between levels of IgM natural autoantibodies (NAbs) to apoptosis-
associated phosphorylcholine (PC) or malondialdehyde (MDA) antigens, with lupus-associated
autoantibodies and features of disease, in 120 SLE patients. IgM anti-PC was significantly higher
in patients with low disease activity and less organ damage determined by the SELENA-SLEDAI,
the physician's evaluation and the SLICC damage score. Furthermore, IgM anti-PC was
significantly higher in patients without cardiovascular events. In contrast, IgM anti-cardiolipin and
IgM anti-dsDNA were significantly higher in patients without renal disease. These results support
the hypothesis that some IgM autoantibodies are part of a natural immune repertoire that provide
homeostatic functions and protection from certain clinical lupus features.
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1. Introduction
Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease
characterized by a hyperactive immune system and the production of pathogenic
autoantibodies with formation of immune complexes, leading to diverse clinical features and
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multi-organ damage [1]. Pathogenesis may be triggered by a complex interplay of genetic
and environmental contributors that likely differ between patients [1]. In particular, a
preponderance of evidence indicates that clinical disease may arise in settings associated
with impaired phagocytic clearance of apoptotic cells (ACs), which may result in secondary
necrosis, release of inflammatory cellular contents and autoantigens, and expanding
breaches of immunologic tolerance [2,3].

Due to the fundamental importance of the phagocytic clearance of ACs, the immune system
has developed a primordial and specialized process that ensures efficient AC recognition
and phagocytosis [4]. We and others have recently reported that this fundamental process
may be augmented by a class of IgM natural autoantibodies (NAbs), which spontaneously
arise in the perinatal period without known antigenic challenge, and that can discriminate
ACs from healthy cells [5–7]. These IgM-NAbs recognize immuno-dominant oxidation-
specific AC-membrane associated phosphorylcholine (PC) and malondialdehyde (MDA)
containing determinants, and NAb levels that can be greatly elevated by intravenous AC
immunization [5]. Such IgM antibodies can affect fundamental functions of innate immune
cells to enhance the phagocytic clearance of ACs, as well as to suppress inflammatory
responses, and can block the development of inflammatory autoimmune disease in
experimental models [5,8].

In humans, natural IgM-antibodies to these AC-associated oxidation-specific epitopes are
present in both healthy adults and in neonates [9,10]. Multiplex autoantibody micro-array
studies have also demonstrated that these NAbs to PC and MDA epitopes are amongst the
most prevalent and highly expressed of all antibody specificities in clinical SLE [11]. In
addition, our surveys of disease-discordant lupus twins appeared to support the notion of
protective roles of these NAbs [11] .Yet, other disease-associated autoantibodies have been
reported to also recognize determinants on ACs [12] that can affect the efficiency of AC
phagocytosis [13].

In the current studies, we surveyed SLE patients for expression levels of NAbs to PC and
MDA as well as lupus-associated autoantibodies to beta 2-glycoprotein I (β2-GPI),
cardiolipin (CL), phosphatidylserine/prothrombin (PS/PT), dsDNA, chromatin, and C1q,
and looked for correlations with overall clinical disease activity and organ-specific
involvement. Our findings highlight important immunologic and clinical distinctions
between the different types of IgM-autoantibodies and co-expressed IgG-autoantibodies, and
support the hypothesis that some IgM-autoantibodies may affect certain disease
manifestations.

2. Methods
2.1. Subjects

Plasma samples were obtained with written informed consent from 120 patients from the
Hopkins’ Lupus Cohort, who satisfied the revised ACR criteria for the classification of SLE
[14], under IRB approved protocols at Johns Hopkins University School of Medicine and
UCSD. At the time of blood drawing, clinical status was assessed with the SELENA
revision of the SLE disease activity index (SLEDAI) [15], and for the Systemic Lupus
International Collaborating Clinics (SLICC)/ACR Damage Index [16]. Furthermore, patients
were tested at the Hopkins clinical laboratory for lupus anticoagulant (by Russell Viper
venom time, RVVT, with confirmatory tests), C3, and C4 levels (upper limits of normal: C3,
79 mg/dl; C4, 12 mg/dl), at time of visit. For each patient, records were reviewed for history
of deep venous thrombosis (DVT), renal disease and for atherosclerotic cardiovascular
disease (ASCVD) events: myocardial infarctions (MI) and cerebrovascular accidents
(CVA). Renal disease associated with lupus was identified by the level of proteinuria, and
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confirmed by renal biopsy. CVA had to have resulted in permanent neurological deficit, and
did not include transient ischemic attacks. DVT was defined as lower extremity deep venous
thrombosis or pulmonary embolus. Events could occur at any time point in the clinical
history of the patient, DVT on average occurred 8 years before sample collection, ASCVD
event 5 years before, and renal disease was confirmed by biopsy on average 5 years earlier.
The demographic and clinical characteristics of patients with SLE are presented in Table 1.
Our analyses included 28 healthy adult samples from the San Diego Blood Bank, and
previously described SLE samples [11].

2.2. Autoantibody assays
Levels of IgM and IgG anti-β2-GPI, and anti-CL, as well as IgG anti-PS/PT, anti-C1q and
anti-chromatin, were evaluated by commercial ELISA (QuantaLite assay, INOVA
Diagnostics, Inc., San Diego, CA, USA). Samples positive for IgG anti-β2-GPI or IgG anti-
CL (13 and 19 samples, respectively) were then further analyzed for IgG-subclass reactivity
using biotinylated anti-IgG-subclass mAbs (Invitrogen, Carlsbad, CA, USA), and poly HRP-
conjugated streptavidin (RDI, Fitzgerald, Acton, MA, USA), with subclasses specificities
confirmed with monoclonal IgG (data not shown).

For IgM anti-dsDNA antibodies, modified commercial assays were used (INOVA
Diagnostics), developed with μ-specific goat anti-IgM HRP (Southern Biotech,
Birmingham, AL, USA) using reference samples. For anti-PC and anti-MDA antibodies,
ELISA wells were coated with MDA-BSA (Academic Bio-medical Co., Houston, TX, USA)
or PC6-BSA (Bio-search Technologies Inc., Novato, CA, USA) and blocked with 3% BSA-
PBS. All samples were evaluated at 1:200 and 1:1000 dilutions in 1% BSA-PBS in
duplicate, and detected with goat anti-IgG-HRP, γ-specific (Jackson Immunoresearch, West
Grove, PA, USA) or goat anti-IgM-HRP, μ-specific(Southern Biotech, Birmingham, AL,
USA) and TMB substrate (KPL, Gaithersburg, MD, USA). IgG-subclass reactivities were
detected, as described above. All plates contained a standard curve from a separate SLE
pool, with activity presented in relative units/ml. Total IgM and IgG were similarly
measured.

2.3. Statistical analyses
We first characterized the patients with respect to demographic and clinical characteristics.
We explored data graphically and numerically to assess the distributions of measurements
and to detect outliers. The Kolmogorov–Smirnov test was utilized to test the normality of
the variables. Antibody levels and non-normal clinical variables were dichotomized by
median or determined as continuous variables as indicated. The association between auto-
antibodies and clinical factors (disease activity) was first assessed by univariate analysis,
and then by multivariate analysis. Correlations between numerical variables were
determined using Spearman's correlation coefficient and a χ2 test or, in some cases, Fisher's
exact test was used for categorical variables. Dichotomized data are expressed as odds ratios
(OR) with 95% confidence intervals. Finally, multivariate (logistic) analysis was performed
in order to assess for the influence of age, sex and race. p Values less than 0.05 were
considered significant. A two-tailed p-value<0.05 was considered as significant. R statistical
package (www.r-project.org) was used for the statistical analyses.

3. Results
3.1. Correlations between autoantibodies and clinical disease activity and organ damage

To look for evidence that certain types of IgM autoantibodies can affect SLE pathogenesis,
we first evaluated for associations with overall disease activity. Univariate correlation
analysis showed that IgM anti-PC levels were inversely associated with the risk of higher
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disease activity by SELENA-SLEDAI and with less organ damage by the SLICC/ACR
Damage Index (correlation coefficient=–0.28, p-value=0.021, correlation coefficient=–0.36,
p-value<0.001) (Fig. 1). Categorical analysis (dichotomized by median) confirmed this
negative association that higher IgM anti-PC group was associated with 76 and 63 percent
decreases in risk of higher SLEDAI activity group (odds ratio (OR)=0.24, p-value=0.0007)
and SLICC (OR=0.37, p-value=0.014) (Table 2). We found a similar correlation for higher
IgM anti-PC values with lower activity using a second disease activity measure, the
physicians estimate of lupus activity, at the time of the visit (OR=0.47, p=0.046) when
dichotomized data were compared.

While we also examined several other types of IgM auto-antibodies, only IgM anti-MDA
showed a weaker inverse relationship with the SLICC/ACR Damage Index by both
Spearman correlation (r=–0.21, p=0.023) and categorical analysis (OR=0.51, p-
value=0.085). Higher levels of the IgM anti-phospholipid antibody to β2-GPI also displayed
an inverse relationship to dichotomized values of the SLICC/ACR Damage Index (Table 2,
OR=0.44, p=0.036) only when dichotomized data were compared. These correlations
retained significance in multivariate models adjusting for sex, age, and race (anti-PC vs.
SLEDAI p=0.0001; IgM anti-PC vs. SLICC p=0.02; IgM anti-β2-GPI vs. SLICC p=0.037).

In studies of IgG-autoantibodies, we did not find that IgG anti-PC had the same strong
protective correlations with SLEDAI and SLICC indices, although higher levels of IgG anti-
PC significantly correlated with lower disease activity assessed by the Physicians Estimate
in univariant analysis (p=0.018) as well as in multivariate model when adjusted for sex, age
and race (p=0.0075) (see Supplemental Table 1). In contrast, several of the other IgG
antibodies instead showed direct correlation with higher antibody levels correlating with
higher SLEDAI (i.e., anti-MDA, p=0.0077; anti-chromatin, p=0.0048; anti-dsDNA, p=0.05;
and anti-C1q, p=0.05) (Supplemental Table 1). Taken together, these data indicate that the
levels of many, but not all, types of IgG-autoantibodies have direct correlations with greater
overall disease activity, while IgM anti-PC, and to a lesser extent IgM anti-MDA and IgM
anti-β2-GPI, displayed a different pattern that may provide evidence of protective
properties.

3.2. Correlations with complement levels
As consumption of serum complement can also reflect lupus disease activity, we also
assessed levels of the complement factors, C3 and C4, as reported from the clinical
laboratory. In Spearman correlation analyses, we found that most of the IgM autoantibodies
had significant inverse correlation with levels of C3 and C4, such that higher IgM
autoantibody levels were associated with depressed complement levels (Table 3). IgM anti-
MDA also showed a significant correlation with lower levels of C3 (p=0.0086) (Table 3).
The corresponding IgG auto-antibodies also showed similar inverse correlations (see
Supplemental Table 2). In contrast, neither IgM anti-PC nor IgG anti-PC showed any
correlation with depressed complement levels. When adjusted for sex, age and race, all
associations were confirmed.

3.3. IgM antibodies and renal disease
Lupus nephritis is one of the most common causes of morbidity and mortality in SLE
patients, and we therefore evaluated for differences in IgM antibody levels between patients
with or without renal disease. The association between IgM antibodies and incident renal
disease was determined by calculation of odds ratios and 95% confidence intervals (CI)
using logistic regression. In studies of dichotomized values, we found that patients with
higher levels of IgM antibodies to CL and dsDNA had significantly lower risk of developing
biopsy-proven renal disease (Table 4; OR=0.37, p=0.046 and OR=0.37, p=0.046;
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respectively). The same patterns were seen in comparisons of antibody levels in patients
with and without documented lupus nephritis (Fig. 2; p=0.013 and p=0.0001 by Mann–
Whitney). In contrast, no such associations were demonstrated for anti-PC IgM antibody
levels. Due to the discordance between the different distinct IgM specificities, it is unlikely
that the lower levels of IgM anti-CL and -dsDNA are due to increased urine protein
secretion in the patients with a history of renal disease. However, these correlations did not
reach statistical significance in multivariate analysis adjusting for sex, age and race,
indicating some dependence of the demographic factors. No significant correlation with
renal disease could be seen for the studied IgG autoantibodies (Supplemental Table 3).

3.4. IgM anti-PC and cardiovascular disease
As SLE patients are at risk for developing accelerated atherosclerosis syndromes [17], we
also investigated whether differences in autoantibody levels correlated with a clinical history
of MI and/or CVA events. Importantly, we found that patients with higher levels of IgM
anti-PC had a significantly lower risk of having a history of an ASCVD event (odds
ratio=0.2, p=0.005; Table 4) and higher levels of IgM anti-PC were also found in
comparisons between patient groups with and without these clinical features (p=0.005; Fig.
2). Multivariate logistic regression analysis adjusting for sex, age and race confirmed this
association (p=0.0078). Furthermore, the correlation was not influenced by traditional
ASCVD risk factors hypertension, diabetes, cigarette smoking, obesity or high cholesterol,
as we found no differences between patients with high (highest quartile) and low levels of
IgM anti-PC (Supplemental Table 4). No significant differences between the patient groups
were detected for the other IgM-autoantibodies. Moreover, whereas no protective
correlations were found with any type of IgG-antibody (Supplemental Table 3), in contrast,
higher levels of IgG anti-CL were instead found in patients with a clinical history of a
cardiovascular event (odds ratio 4.2, p=0.02), which has previously been reported [18].
These results clearly demonstrated very different associations for the specific types of IgM
autoantibodies in patients with documented ASCVD events compared to those with renal
disease.

3.5. PC and MDA reactive Abs are not related to anti-phospholipid Abs
The presence of antibodies that bind to CL and β2-GPI, together with a lupus anticoagulant,
is a hallmark of the Antiphospholipid Syndrome (APS), a condition associated with clinical
episodes of thromboembolic disease [19,20]. Although not currently part of accepted
criteria, anti-PS/PT antibodies have also recently been identified as a possible serologic
marker for APS [21]. Indeed, our studies confirmed that higher levels of IgM anti-β2-GPI,
IgM anti-CL or IgG anti-CL each significantly correlated with a higher risk of positive lupus
anticoagulant test (Supplemental Table 5), as expected [22]. Strikingly, although these
autoantibodies also recognize phospholipid-related determinants on cells, we found that the
higher levels of both IgG and IgM to PC and MDA were not associated with DVT. In fact,
patients with higher levels of IgG anti-PC levels appeared to have a lower risk for a positive
lupus anticoagulant test (OR=0.41, p=0.023) (Supplemental Table 5). In conclusion, the
results further support the notion that autoantibodies to PC and MDA have very different
immunobiologic properties than classic autoantibodies implicated in APS.

3.6. Clinical features and autoantibody levels
To understand the expression of these autoantibodies, we performed comparative surveys in
patients with SLE and in healthy adult controls (Supplemental Table 6). While healthy adult
controls commonly expressed detectable IgM anti-PC, other types of autoantibodies were
uncommon or not detectable in our assays. However, in the studies of the SLE patients, all
antibody levels in relative units were considered continuous variables independent of the
cut-off being positive or negative. As expected, these autoantibody surveys also
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demonstrated that the presence of high IgM-reactivity in a subject significantly correlated
with high IgG-reactivity for the same antigen (Supplemental Table 7). Interestingly, while
there were correlations between levels of several different IgM specificities, there was no
similar correlation with the natural antibody IgM anti-PC (Supplemental Table 7). In
general, IgG anti-PC also did not correlate with other tested autoantibody reactivities.
Furthermore, none of the levels of specific IgG-autoantibodies showed correlations with
total serum IgG levels (data not shown).

We also examined IgG anti-PC subclass expression and found that SLE patients most
commonly expressed IgG2 subclass responses, although IgG1 and IgG3 were also detected,
which is the same pattern seen in healthy individuals (data not shown) [23]. IgG anti-β2-GPI
and IgG anti-CL were also predominantly of the IgG2 subclass (data not shown), as
previously reported [24]. Notably, IgG2 is a subclass with low inflammatory potential, due
to limited ability to mediate complement fixation and with low affinity for activating IgG
Fcγ receptors. In contrast, IgG anti-MDA in SLE patients was dominated by IgG1 and IgG3
subclass usage, which instead are better able to trigger activating FcγR and the complement
cascade.

To understand how the level of an antibody may change over time during the course of the
disease, we performed longitudinal surveys of 18 lupus patients, with 4–6 separate sampling
over 15 years. Over this period, we found that levels of IgM anti-PC and IgM anti-MDA
were generally higher at earlier time points and then decreased significantly, with ~50%
mean decreases (p=0.0099, p=0.038), while levels of IgM anti-β2-GPI or total IgM levels
did not significantly change over time (Supplemental Fig. 1).

4. Discussion
In the present study, we performed the first SLE survey designed to better understand the
clinical relevance of a panel of IgM autoantibodies to defined antigen-specificities with
emphasis on natural antibodies to the AC membrane-associated determinants, PC and MDA.
In murine studies, these antibodies protect from the development of autoimmune and
inflammatory conditions [8] (reviewed in [25]). We confirmed that IgM anti-PC and IgM
anti-MDA were commonly expressed in healthy individuals as previously shown [11], while
levels of these antibodies were significantly higher in the lupus cohort compared to the
healthy adult controls.

We found that higher levels of IgM anti-PC correlated with less long-term organ damage, as
defined by the SLICC/ACR Damage Index score, as well as lower disease activity as
assessed by the SELENA-SLEDAI at the time of visit. IgM anti-PC levels also correlated
with an absence of cardiovascular events, while there were no associations with renal
disease. These results are consistent with a previous report from a smaller cohort of Swedish
patients [26] and with studies showing that lower IgM anti-PC levels are associated with
more frequent cardiovascular events in non-autoimmune patients [27,28].

Unexpectedly, anti-PC and anti-MDA IgM, which both bind to neo-determinants on
apoptotic cells, showed significant differences in their associations with lupus clinical
manifestations, as IgM anti-MDA showed only weak inverse correlations with the SLICC/
ACR Damage Index but not the SELENA SLEDAI score. There were no significant
associations with renal disease or cardiovascular events.

We also found that higher levels of the IgM antibody to β2-GPI correlated with less organ
damage by SLICC/ACR Damage Index. Furthermore, patients without renal disease had
higher levels of IgM anti-CL, and IgM anti-dsDNA. This may indicate that higher levels of
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some IgM antibodies may protect some patients from kidney disease, as suggested in an
earlier and more focused report [29].

Our studies refute the notion that circulating IgM autoantibodies are inherently polyreactive
and without true antigen binding specificity. While Mohan and colleagues have reported that
protection from lupus nephritis correlated with higher levels of polyreactive IgM [30], our
studies documented that the absence of renal involvement correlated with higher levels of
specific types of IgM-autoantibodies (i.e., anti-CL and anti-dsDNA), while the distinct set of
IgM anti-PC antibodies in contrast correlated with protection from cardiovascular events.
Our data therefore strongly argue that the antigen specificity of the IgM determines whether
there is an association with protection from certain lupus disease features.

The expression patterns of IgG anti-PC were also different from all other types of IgG-
antibodies, as anti-PC was the only IgG antibody that neither showed a direct correlation
with disease activity measurements nor with standard clinical inflammatory markers or
disease manifestations. In contrast to anti-PC, we found that higher levels of IgG anti-MDA,
similar to the lupus-associated antibodies, anti-dsDNA, anti-chromatin and anti-C1q, were
strongly associated with increased lupus disease activity based on the SELENA-SLEDAI
score. In fact, within our panel, IgG anti-MDA was the best biomarker for high disease
activity, and showed most correlation with depressed levels of C3 and C4 levels as well as
strong correlation with increased erythrocyte sedimentation rate (data not shown). These
findings are therefore consistent with a report that levels of MDA, a marker of systemic
oxidative stress, and IgG anti-MDA can be significantly increased in lupus patients with
more active disease [31].

In general, our investigations evaluated antibody levels at single time points, and looked for
correlations with overall disease activity at the time of visit, organ-specific disease, and
history of prior cardiovascular events and renal disease. While the disease activity was
determined at the time of visit and sample collection, the clinical events typically occurred
several years earlier. It is therefore possible that disease duration and treatment may affect
antibody levels. While we could not adequately control for the effects of medication, we did
perform a series of longitudinal surveys, which showed that levels of the natural IgM
antibodies (anti-PC and anti-MDA) were often at highest levels at first sampling and then
decreased over time, while others were more stable. In our statistical models we also
adjusted for age, but found that major findings for IgM anti-PC were unaffected. Further
longitudinal studies with a larger cohort will be needed to determine whether changes in
levels of a specific autoantibody can truly be a predictor increased risk of a clinical event.

The potential mechanisms of action of IgM anti-PC antibodies have been examined in the
mouse, and appear to involve the formation of complexes with apoptotic cell membranes,
which have immunomodulatory activity [5]. Such properties may be amplified by effector
functions of the IgM to enhance recruitment of mannose binding lectin and C1q, which
serve as “eat me” signals for AC phagocytosis, and which also enhance IgM mediated
suppression of inflammatory activity [5]. As IgM are predominantly intravascular
molecules, these properties may be especially relevant to the inhibition of atherogenesis, as
well as potentially global SLE activity, which is suggested here. The antigens, cardiolipin,
dsDNA and β2-GPI, can be present on apoptotic cells and could potentially mediate
equivalent homeostatic properties. However, IgM antibodies to CL and dsDNA instead had
a different clinical correlation, with renal protection. These protective properties are
currently unexplained.

The differential expression of these very distinct autoantibodies may provide important clues
to their roles in pathogenesis as well their cellular origins within the B-cell compartment.
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We speculate that IgM-NAbs to AC-membranes naturally arise in health and may be further
raised in autoimmune disease-predisposed individuals before overt clinical manifestations
are present, as suggested by patterns seen in lupus twins [11]. In mice, natural antibodies,
such as anti-PC, are predominantly produced by innate-like B-1 cells without the need for
foreign antigen stimulation, and these are commonly germline-encoded and autoreactive.
This repertoire has been suggested to be positively selected for self-reactivity and to have
important functions in tissue homeostasis (reviewed in [32]). Interestingly, in mice natural
antibodies may represent more than 80% of the circulating IgM [33] and in both human and
mice these predominantly recognize oxidation-specific epitopes [10] that could be present
on dying cells. Recent studies have reported that human IgM antibodies to PC
predominantly arise from CD43+ CD27+ B-1 cell analogs, which may also be the
predominant source of constitutively produced IgM and which can also respond to antigenic
challenge [34]. IgM antibodies to nuclear components such as dsDNA and chromatin are not
present in healthy individuals and only appear during early pathogenesis before overt organ
damage [35]. We speculate that in predisposed individuals and during early stages of
pathogenesis the differential expression of specific IgM NAbs may protect organs from
certain aspects of disease progression.

In conclusion, our survey of autoantibodies in SLE patients demonstrates that higher levels
of several types of IgM autoantibodies that recognize epitopes on dead and dying cells, such
as anti-PC, correlate with lower individual susceptibility or even protection from distinct
disease manifestations. The results of our studies may lead to the development of novel
prognostic test panels. Such an approach may enable better predictions of the likelihood for
the development of renal involvement, and accelerated cardiovascular disease, and thereby
improve our understanding of the potential benefits of therapeutic interventions in each
patient afflicted by SLE.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Correlations between anti-PC and anti-MDA autoantibody levels with the SLEDAI or
SLICC scores. Analyses were performed by Spearman's rank correlations, and significant
associations are indicated.
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Figure 2.
IgM-autoantibody levels and the presence or the absence of renal involvement or ASCVD
events. Healthy n=28, anti-PC, anti-MDA patients with renal disease n=27, patients without
renal disease n=93, patients with ASCVD event n=25, patients without ASCVD event n=95.
For anti-β2-GPI, -CL, and anti-dsDNA: patients with renal disease n=25, patients without
renal disease n=70, patients with ASCVD event n=23, patients without ASCVD n=78. In
some cases the amount of sample was not adequate for all tests. p-Values were determined
with two-sided Mann–Whitney non-parametric testing, with significant values indicated.
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Table 1

Characteristics of SLE patients.

Characteristic

Age, average 44 (25–79) years

SLEDAI, average 3.3 (0–31)

SLICC, average 3.1 (0–12)

Phys. estimate of disease activity, average 0.8 (0–3)

Number of patients (n = 120)

Gender

    Male 7 (5.8%)

    Female 113 (94%)

Ethnicity

    African-American 51 (43%)

    Asian 3 (2%)

    Caucasian 65 (54%)

    Other 1 (1%)

Clinical history

    CVA and/or MI 25 (20%)

    CVA 19 (16%)

    MI 7 (6%)

    DVT 19 (16%)

    Renal disease 27 (23%)

SLEDAI: SELENA revision of the SLE disease activity index.

SLICC: Systemic Lupus International Collaborating Clinics damage index.

CVA: cerebrovascular accident.

MI: myocardial infarction.

DVT: deep venous thrombosis.
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Table 3

Correlations between IgM antibody levels and complement factors.

IgM anti- C3 C4

r p r p

PC 0.031 0.7364 0.065 0.4851

MDA –0.24
0.0086

* –0.14 0.13

β2-GPI –0.22
0.015

* –0.31
0.0007

*

CL –0.27
0.0078

* –0.41
<0.0001

*

dsDNA –0.19 0.068 –0.23
0.025

*

r-Values and p-values are presented from Spearman (rank-based) analysis on logarithmic transformed data.

Some samples were insufficient for all tests. Some patients did not have laboratory values for C3 and C4 available. IgM anti-CL, anti-dsDNA:
n=93; all other: n = 118.

*
Statistical significant correlation.
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Table 4

Associations between IgM antibody levels and prevalence of renal disease or cardiovascular disease.

IgM anti- Renal disease ASCVD events

(≥ median) Odds ratio (95% CI) p-Values Odds ratio (95% CI) p-Values

PC 0.75 (0.32, 1.77) 0.51 0.24 (0.09, 0.65)
0.0053

*

MDA 0.41 (0.17, 1.01) 0.053 0.90 (0.37, 2.18) 0.82

β2-GPI 0.62 (0.26, 1.47) 0.27 0.49 (0.20, 1.21) 0.12

CL 0.37 (0.14, 0.98)
0.046

* 0.67 (0.23, 1.93) 0.45

dsDNA 0.37 (0.14, 0.98)
0.046

* 1.18 (0.41, 3.39) 0.75

Odds ratios and p-values presented Fisher's exact test analysis on autoantibody levels dichotomized on median values indicated for Table 2. Renal
disease confirmed by biopsy. Atherosclerotic cardiovascular disease (ASCVD) events: cerebrovascular accident or myocardial infarction.

The sizes of some samples were inadequate for all tests. IgM anti-CL, anti-dsDNA: n=95; all other: n = 120.

*
Statistically significant.
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