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Abstract
Objective—Scleroderma (SSc) is characterized by a unique widespread vascular disease that can
lead to severe digital ischemia, pulmonary arterial hypertension (PAH) or other organ dysfunction.
Microthrombotic events and pro-coagulable factors such as anti-beta 2 glycoprotein 1 (B2GPI) or
anti-cardiolipin (aCL) antibodies may be implicated in the development of these manifestations.
This study investigated whether anti-B2GPI and aCL antibodies are correlated with macrovascular
disease including ischemic digital loss and PAH in SSc patients.

Methods—75 SSc patients with history of ischemic digital loss and 75 matched SSc controls
were evaluated. Anti-centromere (ACA), anti-B2GPI and aCL antibodies were tested and clinical
associations measured using conditional and simple logistic regression models.

Results—Anti-B2GPI, but not aCL, were significantly more frequent (p=0.01) in digital loss
patients, with IgA isotype showing the strongest association (OR 4.0). After adjusting for
demographics, disease type, smoking and ACA, anti-B2GPI were significantly associated with
active digital ischemia (OR 9.4), echocardiographic evidence for PAH (OR 4.8), and mortality
(OR 2.9). ACA positivity was associated with history of digital loss (OR 3.8), but not with PAH or
mortality. History of digital loss was strongly associated with increased mortality (OR 12.5).

Conclusion—Anti-B2GPI antibodies are significantly associated with macrovascular disease in
SSc and independently predict mortality. It is unclear whether they play a pathogenic role or
simply reveal the presence of underlying endothelial injury. The use of anti-B2GPI antibodies as a
biomarker of vascular disease in SSc should be further explored.
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Systemic sclerosis (SSc; scleroderma) is a multisystem disease characterized by immune
activation, tissue fibrosis and underlying vascular disease (1). These pathogenetic hallmarks
are closely associated and likely interact to ultimately determine the clinical phenotype
expressed in scleroderma patients. Microvascular disease is universally present and is
characterized by structural damage (obliterative vasculopathy) as well as functional
disturbances (secondary Raynaud’s phenomenon). A distinct subset of SSc patients presents
with episodes of progressive digital ischemia sometimes resulting in severe outcomes such
as digital gangrene and amputation. This clinical presentation is usually associated with
narrowing and occlusion of the ulnar (less frequently radial), palmar and digital arteries (2).
Medium and large-size arteries (macrovascular disease) can be affected in the lower
extremities as well (3–5). Pulmonary arterial hypertension (PAH) also develops with
evidence of a progressive vascular disease with luminal narrowing and intimal thickening of
medium-size pulmonary arteries. Other macrovascular manifestations such as coronary
artery disease and cerebral vascular ischemia are incompletely studied in SSc; nevertheless,
current data suggest that they are not more prevalent in SSc patients than in the general
population (3,6).

Angiographic and pathologic studies indicate that the vascular disease in SSc is
characterized by progressive obliteration of affected arteries with defective angiogenesis and
vasculogenesis resulting in extensive disease and inadequate collateral circulation.
Endothelial dysfunction, vascular smooth muscle cell activation and intimal hyperplasia
characterize the SSc vasculopathy (7). The occurrence of (micro) thrombotic events has also
been linked to the onset of SSc ischemic complications. Although autoantibodies directed
against the endothelial surface are detected in SSc and their presence is associated with
severe digital ischemia, no specific autoantigenic determinant has been consistently
characterized (8).

Anti-phospholipid antibodies (aPL) are immunoglobulins associated with recurrent
thrombo-embolic events in primary antiphospholipid syndrome (APS) and systemic lupus
erythematosus (SLE). They are directed against negatively charged phospholipid-binding
proteins mostly involved in blood coagulation. Clinical manifestations of APS were initially
linked with the presence of anti-cardiolipin antibodies (aCL) and lupus anticoagulant (9).
Subsequently, β2 glycoprotein I (B2GPI) has been identified as the major target antigen for
aCL or LAC. Anti-B2GPI antibodies (anti-B2GPI) are now included in the classification
criteria for APS (10). Although the causal association between anti-B2GPI antibodies and
thrombotic events has been demonstrated in APS and SLE, their significance in SSc and
their relationship with the severity of clinical manifestations has not been fully addressed.
The prevalence of anti-B2GPI in SSc ranges between 5% and 41% of patients (11–18). A
similar prevalence is reported in SSc for aCL (12 to 45%) (12–14,16–20). In none of these
reports was the presence of aPL associated with the clinical manifestations typically seen in
APS, such as recurrent arterial and venous thrombosis or pregnancy losses. Moreover, most
of these studies, partly due to the low prevalence of aPL in SSc, did not fully address or
could not find a correlation with any specific clinical manifestations. However, two studies
reported an association between overall aPL positivity or combined aCL/anti-B2GPI
positivity and PAH, digital ischemia or severe Raynaud’s phenomenon (11,18).
Interestingly, we encountered several scleroderma patients with recent episodes of critical
digital ischemia or digital loss who also tested positive for anti-B2GPI.

In the present study, we investigated whether SSc patients with a history of digital loss have
a higher prevalence of anti-B2GPI and whether the presence of these autoantibodies is
associated with other clinical features of vascular disease, including active digital ischemia
and pulmonary hypertension, as well as mortality.
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PATIENTS AND METHODS
Patients

Seventy five SSc patients with history of ischemic digital loss were identified in the Johns
Hopkins Scleroderma Center database and matched with 75 SSc controls by age, gender,
race and disease subtype. Subjects with traumatic or post-infectious digital loss were
excluded from the study. All the patients met the American College of Rheumatology
criteria for SSc, and were classified as having diffuse (dcSSC) or limited (lcSSc) systemic
sclerosis on the basis of the extent of their skin involvement (21,22). The study was
approved by the Johns Hopkins Institutional Review Board and written consent was
obtained from all participants.

Clinical phenotyping
Detailed demographic data including age, gender, ethnicity, education, smoking status and
clinical information about disease duration (calculated from the date of onset of first non-
Raynaud’s symptom), scleroderma subtype, specific organ involvement and autoantibody
status were obtained from each patient at the time of their visit. Ischemic digital loss was
defined as amputation of a portion or the entire finger or toe following an irreversible
ischemic event at any time in their disease course. Raynaud’s activity and presence of digital
ischemia was determined using a previously published severity score: 0-No Raynaud’s, 1-
Raynaud’s with/without vasodilator required, 2-Digital Pitting Scars, 3-Digital Tip
Ulcerations, 4-Digital Gangrene (23). Active digital ischemia was defined as a Raynaud’s
severity score ≥ 3. Skin involvement was scored according to the modified Rodnan skin
score (mRSS, range 0–51) (24). Internal organ involvement was assessed using previously
published criteria (23). Pulmonary involvement was determined by abnormal pulmonary
function tests (PFTs) including measures of the absolute as well as percent (%) of predicted
values for race, gender and age of the forced vital capacity (FVC) and single-breath carbon
monoxide diffusing capacity (DLCO) according to the American Thoracic Society
recommendations (25). For the purpose of this study, evidence for pulmonary arterial
hypertension (PAH) was considered present if the estimated right ventricular systolic
pressure (eRVSP) by Doppler echocardiography (ECHO) was ≥ 40 mmHg in two separate
tests and there was no overt clinical evidence of congestive heart failure, thrombo-embolic
disease or severe pulmonary interstitial fibrosis (FVC<50%). This assumption has been
supported and confirmed by other studies (26). In addition, although data from right heart
catheterization were limited in our dataset, 16 out of 18 SSc patients with a measured mean
pulmonary artery (PA) pressure >25 mmHg diagnostic of PAH, also showed an eRVSP >40
mmHg at the echocardiogram. Heart, gastrointestinal, renal or musculoskeletal involvement
was considered present when the relative Medsger severity score was ≥ 1 (23). Evidence of
sicca complex was determined by clinical criteria. Medical records of each patient were also
reviewed to identify previous manifestations of APS, including venous or arterial
thrombosis. Information about pregnancy morbidity, thrombocytopenia or livedo reticularis
were not consistently available and therefore omitted from the analysis.

ELISA assays
Serum samples were previously obtained during routine clinical patient visits at the Johns
Hopkins Scleroderma Center and stored at −80°C. Levels of anti-B2GPI and aCL antibodies
(IgM, IgA, IgG isotypes) were quantitated using commercially available enzyme-linked
immunosorbent assay (ELISA) kits (QUANTA Lite™ Mircowell ELISA, INOVA
Diagnostics Inc., San Diego, CA), following manufacturer’s instructions. Results were
converted into units using the standard calibrators provided. Samples with autoantibody
values more than 20 units were considered positive for all anti-B2GPI isotypes. This cut-off
value for the assays was previously established by the manufacturer after testing sera from
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healthy controls and using the 95th percentile of the obtained control values. The precision
and reproducibility for the IgA and IgM anti-B2GPI assays were assessed at 3 levels of
antibody activity (negative, low and high positive) using patients’ sera. The intra- and inter-
assay coefficients of variation (CV) were calculated after running each sample 5 times on 5
consecutive days. These data are summarized in Table 1. To further confirm the specificity
of the assays, sera from 20 healthy donors were tested for anti-B2GPI (IgA, IgM and IgG),
resulting negative as shown in Figure 1.

Statistical analysis
All variables were examined and transformed when a non-normal distribution was evident.
The dependence of digital loss (response variable) on the risk factors considered
(explanatory variables) was evaluated by a conditional logistic regression model. The
association between autoantibody (anti-B2GPI and aCL) status (dichotomous) and disease
characteristics or outcome was estimated using an unadjusted conditional logistic regression
for digital loss or adjusted logistic regression models for digital ischemia, eRVSP and
mortality. Age, disease duration, skin score, PFTs and eRVSP, together with Raynaud’s,
gastrointestinal and lung severity scores were treated as continuous variables. The other
sociodemographic or disease characteristics and the autoantibody status were included in the
models as dichotomous or categorical variables. Significance was tested using the regression
coefficients, and the association between risk factors and outcome was expressed as odds
ratio (OR) and the corresponding 95% confidence interval (95% CI) or as a p-value
(significant when less or equal to 0.05). Differences between anti-B2GPI isotype levels in
patients with or without digital loss were evaluated using the rank-sum test. Statistical
analyses were performed with Stata version 10 software (Stata Corporation, College Station,
TX).

RESULTS
Association between history of digital loss and disease characteristics of SSc

The sociodemographic and disease characteristics of SSc patients with digital loss and
matched controls (age, gender, race and disease subtype) are summarized on Table 2. There
was no statistically significant difference between the two groups in terms of disease
duration, presence of sicca symptoms, gastrointestinal and kidney involvement. In the digital
loss group the skin score, albeit overall low, was higher (p=0.012) and the lung severity
score was worse (p=0.003), corresponding also to a significantly lower DLCO (p=0.002)
and a trend for a higher eRVSP. In the digital loss group anti-centromere antibodies (ACA),
but not anti-SCL70, were more prevalent (p=0.003). Significant differences were detected in
the two groups in terms of Raynaud’s severity score (p<0.001), presence of active digital
ischemia (p<0.001), median survival from diagnosis (14.5 vs. 30.5 years; p<0.001) and
mortality (48% vs. 11%; p<0.001). The positive associations between history of digital loss
and disease characteristics of SSc are also reported in Table 2. Not surprisingly, past or
current smoking (OR 2.2, 95% CI 1.0–4.7; OR 2.8, 95% CI 1.1–7.2, respectively), more
severe Raynaud’s phenomenon (OR 3.4, 95% CI 2.0–5.8) and active digital ischemia (OR
6.00, 95% CI 2.5–14.2) were significantly associated with history of digital loss.
Importantly, we estimated that the odds of death are 12.5 times greater in the digital loss
group compared to controls (OR 12.5, 95% CI 3.0–52.8), and this was independent from the
disease duration. No significant history of arterial or venous thrombosis was identified by
chart review in both groups.

Anti-phospholipid (aPL) antibody profiles
The prevalence of anti-B2GPI and aCL antibodies and their isotypes in cases and controls is
shown in Table 3. Overall, anti-B2GPI (p=0.017) but not aCL (p=0.08) were significantly
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more frequent in patients with digital loss. In this group, anti-B2GPI were detected in 36%
of patients compared to 19% of controls. The IgM and IgA (p=0.016) anti-B2GPI isotypes
were individually more represented, while IgG was detected in only one patient. The
distribution and combination of the different isotypes did not differ between the two groups.
Interestingly, in the majority of anti-B2GPI positive SSc patients the IgM isotype was
present alone. The prevalence of the IgA isotype was increased among anti-B2GPI positive
African-American patients compared to Caucasian (50% vs. 40%), but the difference was
not statistically significant (p=0.63). The analytical values for anti-B2GPI and aCL
antibodies in study subjects and healthy controls are reported in Figure 1A. Positive
autoantibody isotypes displayed a moderate to high titer, but their mean levels did not differ
significantly between patients with or without digital loss. A small number of subjects had
serial serum samples available. We found that all the anti-B2GPI positive patients do remain
positive over time. In particular, the titers of the IgA anti-B2GPI seem to be more stable,
while the IgM exhibit a greater titer fluctuation (Figure 1B). In addition, the IgM do not
undergo isotype class switching. We observed only one seroconversion.

Association of aPL antibodies with SSc disease characteristics
Both cases and controls were utilized to assess the association between presence of aPL
antibodies and SSc disease characteristics. With the exception of older age in anti-B2GPI
positive subjects (55.1±15.9 vs. 52±11.7 years, p=0.008), sociodemographic variables and
general disease characteristics were similar in the two groups for both autoantibodies (data
not shown). Table 4 summarizes the associations of positive anti-B2GPI and aCL antibody
testing with digital loss (conditional logistic regression) and digital ischemia, eRVSP (≥ 40
mm/Hg) or mortality (logistic regression models). Anti-B2GPI exhibited a significant
association with digital loss (OR 2.4, 95% CI 1.1–5.3) and other features of macrovascular
disease as well as mortality in SSc patients. In particular, this association was maintained
after adjusting for age, gender, race, disease type, smoking, digital loss and anti-centromere
status, indicating that anti-B2GPI antibodies are independently associated with the presence
of active digital ischemia (OR 9.4, 95% CI 3.5–25.4), elevated eRVSP (OR 4.8, 95% CI
1.0–11.4) and mortality (OR 2.9, 95% CI 1.1–7.7). Positive trends but no statistically
significant associations were estimated according to aCL status. Using the adjusted logistic
regression model, data were also analyzed to identify other predictors of higher mortality
(beyond history digital loss or anti-B2GPI status). Comparing alive vs. deceased patients, a
significant association was found with current smoking status (OR 4.6, 95% CI 1.6–13.6,
p=0.005), active digital ischemia (OR 5.8, 95% CI 2.3–14.9; p<0.001) and skin score
(9.6±10.6 vs. 5.2±6.3 mRSS, p=0.005). Disease duration, anti-SCL70, anti-centromere,
elevated eRVSP and the other sociodemographic or disease characteristics were comparable
in the two groups.

Finally, the relationship between anti-B2GPI and anti-centromere antibodies (ACA) was
explored. Forty nine patients were positive for ACA only, while 29 subjects had both
antibodies simultaneously. As summarized in Table 5, the presence of anti-B2GPI carried,
independently from ACA status, a significant association with higher risk for active digital
ischemia, elevated eRVSP suggestive of PAH and mortality (OR 16.4, 95% CI 3.4–80.5,
p<0.001; OR 7.9, 2.6–24.4, p=0.002 and OR 2.9, 95%CI 1.1–10.1, p=0.004 respectively).

Discussion
This investigation addresses the association between presence of aPL and vascular disease in
a large well characterized cohort of SSc patients. Our study shows that anti-B2GPI
antibodies are more prevalent in SSc patients with digital loss and are significantly
associated with features of macrovascular disease including active digital ischemia and
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echocardiographic evidence of PAH. Also, we report for the first time that positivity to anti-
B2GPI is independently associated with higher mortality.

We found that patients with history of ischemic digital loss have, independently from
disease duration, a substantially increased risk of death (OR 12.5), together with worse lung
severity scores and a lower DLCO. Based on these associations, it is possible that
pulmonary vascular disease may be in part responsible for the worse outcome. In fact, at the
time of sample testing, the estimated right ventricular systolic pressure was overall higher in
digital loss patients. Smoking (current or past) was also more prevalent in the digital loss
group and may have contributed as well to a more severe vasculopathy.

We confirmed the known association between anti-centromere antibodies and vascular
disease in SSc, and in particular with severe digital ischemia and digital loss (27,28).
However, in accordance with previous studies, we found that anti-centromere status did not
independently predict higher mortality in SSc patients (29).

Anti-B2GPI antibodies were significantly more frequent in digital loss patients compared to
controls (36% vs. 19%, p=0.017). We detected almost exclusively IgM and IgA isotypes,
alone or in combination. Similarly to published data on patients with APS, the IgA isotype
was more prevalent in anti-B2GPI positive African-American subjects, although the
difference was not statistically significant (30). Unlike previous studies, all the anti-B2GPI
isotypes, including IgA, were measured in our SSc patients (11–18). In several subjects, IgA
resulted the only isotype present and at relatively high titers. The exclusion of measuring
IgA by other investigators may have been driven by some older literature suggesting that
screening for IgA anti-B2GPI is not helpful for the diagnosis of APS in SLE (31,32). This
issue remains slightly controversial, with more recent publications reporting a significant
association between IgA aPL and thrombosis (33,34). Importantly, anti-B2GPI antibodies
and in particular the IgA isotype have been associated with higher risk for other non
connective tissue disorders-related vascular conditions, including peripheral vascular disease
(PVD), cerebral ischemia and myocardial infarction (MI) (35–38). Franck et al. reported that
the IgA isotype of aCL and anti-B2GPI antibodies was associated with peripheral arterial
disease with an adjusted OR 12.1 (95% CI 5.8–30) (34). The same group and other authors
showed that IgA anti-B2GPI antibodies were significantly more frequent in patients with
ischemic stroke (36). Meroni et al. found that IgM and IgG anti-B2GPI antibodies (IgA not
tested) carry a higher risk for MI in young premenopausal women independently from
underlying atherosclerotic disease (37). Other investigators detected higher anti-B2GPI
levels in patients with acute coronary syndrome compared to controls (14.4% vs. 2%), with
particular significance for the IgA isotype (38). All these reports consistently linked
different clinical manifestations of larger vessel disease with the detection of higher levels of
anti-B2GPI, in particular of the IgA isotype. Our study extends these findings to vascular
manifestations associated with SSc and suggests that anti-B2GPI represents an independent
biomarker in SSc macrovascular disease.

Previous studies on the prevalence and significance of anti-B2GPI in SSc are limited (11–
18). None of these investigations found evidence of APS clinical features in anti-B2GPI
positive patients. Only two studies showed a significant association between aPL and SSc
vascular disease manifestations such as isolated PAH, peripheral ischemia, and digital
pitting (11,18).

While we found that aCL were more frequent in digital loss patients (24% vs. 13%), the
association did not reach statistical significance (p=0.08). Similarly, Herrick et al. found no
significant association between presence of IgM and IgG aCL (IgA were not studied) and
severe ischemia or amputation in SSc patients (28). Also, consistent with the majority of
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previous reports, we did not detect any association between aCL and clinical features of
APS or macrovascular disease in our cohort. In contrast, after correcting for confounders or
disease modifiers, we showed a strong, statistically significant association between anti-
B2GPI positivity and SSc manifestations of macrovascular disease such as digital loss,
active digital ischemia and echocardiographic evidence of PAH.

The independent association of anti-B2GPI positivity with mortality (OR 2.9, 95% CI 1.1–
7.7) is another important finding emerging from our study. We speculate that anti-B2GPI
antibodies identify SSc patients with persistent and widespread vascular disease. Our data
supports the possibility that the detection of these autoantibodies in patients with active
digital ischemia or PAH may indicate sustained and progressive endothelial/vascular
damage and predict a worse outcome. Prospective studies are underway to address this
initial observation.

How the immune response against B2GPI is generated, and what role these anti- B2GPI
antibodies play in SSc vascular manifestations, is no t known. B2GPI is an abundant plasma
protein which can be expressed on the surface of endothelial cells and has been found in the
intima of the arterial wall as well as within atherosclerotic plaques (39,40). The formation of
complexes with oxidized low-density lipoprotein (oxLDL) or anionic phospholipids has
been shown to modify and increase its immunogenicity, facilitating antigen presentation by
macrophages and dendritic cells (41). B2GPI-reactive T cells have been identified in the
peripheral blood and within atherosclerotic plaques, further confirming that this protein can
become immunogenic under certain circumstances (42,43). On the other hand, anti-B2GPI
antibodies are present also in younger SSc patients without overt evidence of
atherosclerosis, and can be found in association with acute vascular events, suggesting that
other mechanisms such as ongoing perturbation of endothelium homeostasis may be relevant
for their generation.

The dominant anti-IgM/IgA B2GPI response detected in SSc sera represents a clear
distinction from the anti-B2GPI specificities usually observed in patients with APS and
SLE, typically characterized by a substantial IgG isotype class switch (31). This was not
observed in the analysis conducted on serial serum samples from several IgM anti-B2GPI
positive patients. If confirmed, this interesting finding may suggest that the generation of
anti-B2GPI in SSc patients occurs through a T cell independent mechanism. A molecular
mimicry between microbial pathogens and B2GPI epitopes has also been identified by some
authors (44). Many of these agents (i.e. H. pylori, adenovirus, etc.) are involved in mucosal
infections and may trigger an immune response biased towards production of anti-B2GPI
IgA. The influence of transforming growth factor beta (TGF-β) should also be considered.
This cytokine exerts profibrotic effects in SSc and can promote IgA class switching and
plasma cell IgA secretion (45,46).

Anti-B2GPI antibodies can determine a pro-thrombotic status through many mechanisms,
for example by modifying the functional properties of thrombin and protein C (47,48). They
also have the ability to bind to negatively charged phospholipids on the surface of activated
or apoptotic cells, promoting pro-inflammatory responses (49). Whether anti-B2GPI
antibodies exert some pathogenic role in SSc patients by means of their anti-endothelial and
pro-coagulable properties, or are merely an epiphenomenon of the ongoing vascular
damage/dysfunction, still remains to be defined. Autoantibodies directed against other
proteins (i.e. annexin V) binding to negatively charged phospholipids and interfering with
the coagulation cascade have also been detected in SSc (50). However, their role in the
pathogenesis of SSc vascular manifestations has never been confirmed.
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Strengths of the present study include the relatively large number of patients, their excellent
clinical phenotyping, the use of commercial ELISA kits widely used in hospital clinical
laboratories and a careful statistical approach, allowing us to properly interrogate the clinical
significance of aCL and anti-B2GPI antibodies in SSc. There are some limitations. The case-
control and cross-sectional study design does not account for variation of serum levels of
aPL overtime. Lupus anticoagulant testing was not performed due to the limited availability
of plasma samples. Data regarding the use of platelet antiaggregants and anticoagulants are
not included in the study. Such therapies may have influenced the long term survival in our
patients.

In conclusion, our investigation showed a significant association between anti-B2GPI
antibodies and clinical features of severe vascular disease in SSc including active digital
ischemia, digital loss and echocardiographic evidence for PAH. An independent association
with higher mortality was also demonstrated. These findings indicate that anti-B2GPI should
be further investigated as a reproducible biomarker of vascular disease and a predictor of
clinical outcomes in SSc.
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Figure 1.
A, Serum levels of IgM, IgA and IgG anti-B2GPI antibodies in SSc patients with (n=75) or
without (n=75) digital loss and healthy controls (n=20). The horizontal bars indicate the
mean values. The dotted line shows the cut-off value. B, Relative variation of IgM and IgA
anti-B2GPI antibody titers from baseline (defined as 100%) over time (months). Each line
represents a study patient for whom serial serum samples were available (IgM n=16 and IgA
n =6).
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Table 1

Summary of IgA and IgM anti-B2GPI assay precision.

Samples Intra-assay
mean (SD), CV§

Inter-assay
mean, SD, CV§

Overall
mean, SD, CV§

Anti-B2GPI IgA

  negative 6.1 (0.2), 2.9 5.8 (0.2), 3 5.9 (0.5), 7.9

  lower + 29 (0.8), 2.7 31.8 (2.7), 8.4 31.8 (2.6), 8.1

  higher + 125 (1.4), 1.1 127 (3.3), 2.6 127 (4.9), 3.9

Anti-B2GPI IgM

  negative 3.5 (0.2), 6.3 3.9 (0.4), 10.2 3.8 (0.4), 11.6

  lower + 33.8 (1.1), 3.4 33 (2.7), 8.3 33 (2.9), 8.8

  higher + 216.3 (4.2), 1.9 214.9 (10), 4.7 214.9 (10.8), 5.1

§
Mean values ± SD are expressed in units; the coefficient of variation (CV) as percentage. Each sample (negative, low and high positive) for IgA

and IgM anti-B2GPI was run five times on five consecutive days.
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Table 2

Sociodemographic and disease characteristics of SSc patients according to history of digital loss*

Variable
Digital Loss

(n=75)
No Digital Loss

(n=75)
P§ OR (95% CI)§

Age, years (range 22–86) 52.5 ± 13.6 53.1 ± 12.5 NA

Female, % 76 87 NA

Race/Ethnicity, %

  White 71 75

  Black 24 23 NA

  Other 5 2

Smoking, %

  Never 37 60
0.023

  Past 35 24 2.2 (1.0, 4.7)

  Current 28 16 2.8 (1.1, 7.2)

SSc type, %

  Limited 83 85 NA

  Diffuse 17 15

Disease duration, years (range 0.1–36.6)† 10.4 ± 7.9 9.6 ± 7.6 0.536 1.0 (0.9–1.1)

Rodnan’s skin score, modified (0–51) 8.0 ± 8.7 5.3 ± 6.8 0.012 1.1 (1.0–1.2)

Gastrointestinal severity score (0–4) 1.1 ± 0.9 1.4 ± 0.9 0.084 0.7 (05–1.1)

Kidney involvement, % 12 11 0.796 1.1 (0.4–3.1)

Sicca complex, % 48 56 0.277 0.7 (0.3–1.4)

Lung severity score (0–4) 1.8 ± 1.6 1.2 ± 1.2 0.003 1.5 (1.1, 2.0)

Pulmonary function††

  FVC, % predicted 82.1 ± 19.2 86.1 ± 18.0 0.227 0.99 (0.97, 1.01)

  DLCO, % predicted 61.5 ± 17.6 71.9 ± 20.2 0.002 0.97 (0.96, 0.99)

Elevated eRVSP (>40 mmHg), % 43 32 0.168 1.6 (0.8, 3.2)

Raynaud’s Phenomenon severity score (0–4) 2.6 ± 0.8 1.5 ± 0.8 < 0.001 3.4 (2.0, 5.8)

Active digital ischemia, %

  (Raynaud’s Severity Score ε3) 55 15 < 0.001 6.0 (2.5, 14.2)

Mortality

  Deceased, % 48 11 < 0.001 12.5 (3.0, 52.8)

  Survival from SSc diagnosis (median, years)¶ 14.5 30.5 < 0.001

Autoantibodies, %

  Anti-SCL70 11 8 0.526 1.5 (0.4, 5.3)

  Anti-centromere 63 41 0.003 3.3 (1.4, 7.7)

*
Values are the mean ± SD unless indicated otherwise. The range is given with each variable group, where applicable. SSc = systemic sclerosis;

FVC = forced vital capacity; DLCO = diffusing capacity for carbon monoxide; eRVSP = estimated right ventricular systolic pressure.

§
Results are based on conditional logistic regression model for digital loss as a function of the sociodemographic or disease characteristics.

†
Time from first non-Raynaud’s symptom

††
Odds ratios of digital loss are per unit increase in the continuous predictor.

Arthritis Rheum. Author manuscript; available in PMC 2010 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Boin et al. Page 15

¶
Survival from diagnosis was calculated using Kaplan-Meier survival estimates.
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Table 3

Frequency and isotype distribution of anti-B2GPI and aCL antibodies in SSc patients with digital loss and
controls

Digital Loss

Anti-B2GPI Cases (n=75) Controls (n=75) P§

Any Positive, % (n) 36 (27) 19 (14) 0.017

IgM 27 (20) 15 (11) 0.08

IgA 17 (13) 5 (4) 0.016

IgG 1 (1) 0 (0) NA

Isotype distribution

IgM only 17 (13) 12 (9) 0.356

IgA only 9 (7) 3 (2) 0.086

IgG only 0 0 NA

IgM+IgA 7 (5) 3 (2) 0.246

IgM+IgA+IgG 1 (1) 0 NA

Anti-cardiolipin

Any positive % (n) 24 (18) 13 (10) 0.08

IgM 19 (14) 12 (9) 0.248

IgA 4 (3) 0 (0) NA

IgG 9 (7) 3 (2) 0.097

Isotype distribution

IgM only 13 (10) 11 (8) 0.615

IgA only 1(1) 0 NA

IgG only 4(3) 1(1) NA

IgM+IgA 0 0 NA

IgM+IgG 3 (2) 1 (1) NA

IgM+IgA+IgG 3 (2) 0 NA

§
P-values were calculated using a conditional logistic regression model
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Table 4

Associations of positive anti-B2GPI and aCL antibody testing with clinical features of macrovascular disease
and mortality in SSc patients

   Digital Loss Cases
(n=75)

Controls
(n=75)

OR (95% CI)§ OR (95%CI)¶

Anti-B2GPI

Any Positive % (n) 36 (27) 19 (14) 2.4 (1.1, 5.3)

IgM 27 (20) 15 (11) 2.0 (0.9, 4.5)

IgA 17 (13) 5 (4) 4.0 (1.1, 14.2)

IgG 1 (1) 0 (0) NA

Anti-cardiolipin

Any positive % (n) 24 (18) 13 (10) 2.1 (0.9, 5.3)

IgM 19 (14) 12 (9) 1.7 (0.7, 4.4)

IgA 4 (3) 0 (0) NA

IgG 9 (7) 3 (2) 6.0 (0.7, 49.8)

   Active Digital Ischemia Active
(n=52)

Inactive
(n=98)

Anti-B2GPI

Any Positive % (n) 50 (26) 15 (15) 5.5 (2.6, 12.0) 9.4 (3.5, 25.4)

IgM 38 (20) 11 (11) 4.9 (2.1, 11.4) 13.9 (4.4, 43.5)

IgA 23 (12) 5 (5) 5.6 (1.8, 16.9) 4.5 (1.4, 15.3)

IgG 0 (0) 1 (1) NA NA

Anti-cardiolipin

Any % (n) 21 (11) 17 (17) 1.3 (0.5, 3.0) 1.2 (0.5, 3.3)

IgM 19 (10) 13 (13) 1.6 (0.6, 3.8) 1.7 (0.6, 4.9)

IgA 6 (3) 0 (0) NA NA

IgG 6 (3) 6 (6) 0.9 (0.2, 3.9) 0.5 (0.1, 2.8)

   eRVSP >40mmHg
(n=56)

<40 mmHg
(n=94)

Anti-B2GPI

Any Positive % (n) 48 (27) 15 (14) 5.3 (2.5, 11.5) 4.8 (1.0, 11.4)

IgM 38 (21) 11 (10) 5.0 (2.2, 11.8) 5.4 (2.1, 14.4)

IgA 21 (12) 5 (5) 4.9 (1.6, 14.6) 4.6 (1.3, 15.7)

IgG 2 (1) 0 (0) NA NA

Anti-cardiolipin

Any Positive % (n) 27 (15) 14 (13) 2.3 (1.0, 5.2) 1.7 (0.7, 4.1)

IgM 21 (12) 12 (11) 2.1 (0.8, 5.0) 1.6 (0.6, 4.2)

IgA 5 (3) 0 (0) NA NA

IgG 13 (7) 2 (2) 6.6 (1.3, 32.9) 4.1 (0.7, 22.4)

   Status Dead
(n=39)

Alive
(n=98)

Anti-B2GPI

Any Positive % (n) 43 (17) 23 (23) 2.5 (1.1, 5.5) 2.9 (1.1, 7.7)
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   Digital Loss Cases
(n=75)

Controls
(n=75)

OR (95% CI)§ OR (95%CI)¶

IgM 30 (12) 18 (17) 2.0 (0.86, 4.7) 3.1 (1.1, 9.2)

IgA 23 (9) 7 (7) 3.9 (1.3, 10.9) 2.8 (0.8, 9.6)

IgG 0 (0) 1 (1) NA NA

Anti-cardiolipin

Any % (n) 25 (10) 14 (14) 2.0 (0.8, 5.0) 2.2 (0.8, 6.3)

IgM 23 (9) 11 (11) 2.3 (0.8, 6.0) 2.8 (0.9, 8.6)

IgA 8 (3) 0 (0) NA NA

IgG 8 (3) 5 (5) 1.5 (0.3, 6.5) 1.1 (0.2, 6.8)

§
Based on an unadjusted conditional logistic regression (for Digital Loss) or logistic regression models for Digital Ischemia, eRVSP and Mortality.

¶
Odds ratio with 95% confidence interval adjusted for age, gender, race, disease type, smoking and centromere status.
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