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Abstract
Objectives: This study focused on the prevalence and impact of antinuclear antibodies (ANA)
in antiphospholipid antibody (aPL)-positive patients without concomitant systemic

autoimmune rheumatic diseases (SARDs).

Methods: Data from aPL-positive patients with or without Revised Sapporo APS classification
criteria were retrieved from the APS ACTION Registry. Patients with concomitant SARDs were

excluded.

Results: 430 aPL-positive patients were included in the analysis, 56% ANA-positive and 44%
negative. ANA positivity was significantly associated with history of hematologic
manifestations (persistent autoimmune hemolytic anemia, thrombocytopenia, leukopenia
and/or lymphopenia) (16% of ANA-positive versus 7% of ANA-negative, p=0.006). Triple aPL-
positivity was more frequent in the ANA-positive subgroup (p=0.02), along with low baseline
C3 and C4 levels (p=0.05 and p=0.009, respectively), and higher frequency for extractable
nuclear antigens (ENA). Among aPL-positive patients with no APS classification, ANA-positive
patients showed a higher rate of arthritis (p=0.006). Among female patients who have
experienced at least one pregnancy, 113 were ANA-positive and 96 were ANA-negative; ANA-
negative patients had a higher number of pregnancies (p =0.018), and number of live births
(p =0.014). A wider proportion of ANA-positive patients were treated with
hydroxychloroquine (HCQ) (p <0.001).

Conclusion: When we analysed aPL-positive patients with no other SARDs, ANA status was
not associated with thrombosis or pregnancy morbidity. Interestingly, ANA-positive patients
showed higher rates of systemic autoimmune features, including hematologic manifestations,
multiple aPL positivity, lower complement levels, ENA positivity, and joint involvement, and
were more often treated with HCQ. Finally, aPL-positive subjects who were ANA-negative had

a higher rate of pregnancies and live births.

Key words: antinuclear antibodies, antiphospholipid antibodies, antiphospholipid syndrome,

phenotyping



Key messages:
e Aconsiderable proportion of antiphospholipid antibody (aPL) positive patients tested
positive for antinuclear antibody (ANA+).
e ANA+ patients showed a tendency toward a more systemic involvement including,
among others, hematologic manifestations, and joint involvement.

e These data support the use of different approaches in aPL-positive patients with ANA

positive test.

Introduction

Antiphospholipid syndrome (APS) is characterized by macrovascular (thrombotic events) and
microvascular involvement, obstetric complications, and hematologic manifestations such as
thrombocytopenia, in association with persistent antiphospholipid antibodies (aPL), including
anticardiolipin antibodies (aCL) 1gG/IgM, anti-B,-glycoprotein-I antibodies (aB2GPl) 1gG/IgM,

and lupus anticoagulant (LA) (1).

While some patients experience both vascular and pregnancy morbidity events, some present
with pure thrombotic or obstetric phenotypes. Emerging data suggest that thrombotic and

obstetric forms might constitute two distinct clinical entities (2,3). Antiphospholipid syndrome
can present either as an isolated disease, namely “primary APS” (PAPS), or in association with
other systemic autoimmune rheumatic diseases (SARDs), mainly systemic lupus

erythematosus (SLE) (4,5). Although APS and SLE are often associated, a significant proportion
(30-50%) of aPL-positive SLE patients do not develop the full APS phenotype during follow up
and, vice versa, PAPS patients less commonly evolve toward SLE during their life (6—10), even

if frequently found positive for SLE-related autoantibodies, such as anti-nuclear (ANA) and
anti-double stranded DNA (anti-dsDNA) antibodies (11). Indeed, these two conditions,
although linked, do not completely overlap in terms of pathogenic pathways and represent

two distinct entities, whose association further complicates the clinical management (12).

Two recent cluster analysis from Zuily et al. and Sciascia et al. have highlighted the
heterogeneity among aPL-positive subjects (13,14). A subgroup of patients was identified
with intermediate characteristics between PAPS and SLE, with a higher rate of systemic

autoimmune features, including ANA positivity, which was found in up to 97% of the patients,



along with cytopenia, especially thrombocytopenia, and a lower risk for developing
thrombotic events. Indeed, these findings might have important implications for the

treatment and the overall management of patients.

The Antiphospholipid Syndrome Alliance for Clinical Trials and International Networking (APS
ACTION) was created in 2010 specifically to conduct large-scale multi-center clinical studies
and trials in persistently aPL-positive patients. The goal of the APS ACTION Clinical Database
and Repository (“Registry”’) is to study the natural course of persistently aPL-positive patients
with or without other systemic autoimmune diseases over at least 10 years. In this study, we
asked whether aPL-positive patients, with positive ANA test, excluding those diagnosed with

SLE or other SARDs, have a different clinical and laboratory phenotype.

Methods
APS ACTION Registry:

The REDCap (Research Electronic Data Capture) (15,16), a global web-based platform, collects
information on patients’ demographics along with clinical and serologic data. Inclusion
criteria for registry entry are a) age between 18 and 75 years; and b) persistent (at least 12
weeks apart) aPL positivity within 12 months prior to screening based on the Revised Sapporo
APS Classification Criteria. Lupus anticoagulant test was considered positive in accordance
with International Society on Thrombosis and Hemostasis guidance (17). Patients have regular
follow up performed (every 12 £+3 months) with clinical data and blood collection. For this

study, only baseline data were used.

Cohort:

APS ACTION Registry patients with a diagnosis of SLE or other SARDs were excluded from the
analysis. Therefore, only PAPS, both thrombotic and/or obstetric, and aPL-positive patients
with no APS classification were included in the analysis and compared after separating the
cohort based on ANA status (5). ANA testing was performed by each Center, the result was
computed as a dichotomized variable and entered the registry at the time of the inclusion in

the registry.



We also analysed the following non-thrombotic/non-obstetric manifestations, as they are
consistently collected and reported in the APS ACTION Registry but formally not included in
the wupdated Sapporo classification criteria: aPL-related nephropathy, livedo
reticularis/racemosa, superficial vein thrombosis, heart valve disease, autoimmune hemolytic
anemia, autoimmune thrombocytopenia, transient ischemic attack, livedoid vasculopathy-
related skin ulcers, chorea, and cognitive impairment (19). We also retrieved data on
pregnancy outcomes, 1997 ACR SLE Classification Criteria, and on additional serological
features including extractable nuclear antigens (ENA) test results and complement 3 (C3) and
4 (C4) levels. For analysis, “hematologic involvement” was defined as persistent autoimmune

hemolytic anemia, thrombocytopenia, leukopenia, and/or lymphopenia.

Statistical Analysis:

Our primary analysis excluded those with positive anti-dsDNA and/or anti-Smith antibodies
(anti-Sm) antibodies, given the high specificity of these autoantibodies for SLE (18). For
secondary analysis, categorical variables are presented as number (%) and continuous
variables are presented as mean (S.D.). The significance of baseline differences was
determined by the chi-squared test, Fisher’s exact test or the unpaired t-test, as appropriate.
A two-sided P-value <0.05 was statistically significant. All statistical analyses were performed

using SPSS version 28.0 (IBM, Armonk, NY, USA).

Ethics:

This study was approved by Hospital for Special Surgery Institutional Review Board Study
#2014-252-CR9 2023 Review for 2014-252. All participants gave written informed consent to

participate in the study before taking part.

Results

A total of 477 persistently aPL-positive patients, with or without APS classification (5), were

identified; 47 were excluded based on the lack of ANA results. Thus, 430 patients were



included in the final analysis [mean age 52.2 years (S.D. £13), 71% females, and 351 (74%)
with APS classification]. A positive ANA test (ANA+) was reported in 240 (56%) patients,
whereas 190 (44%) were negative for ANA (ANA-) testing. The complete demographic, clinical,
and serological characteristics of the cohort at the time of registry entry are displayed in Table

1.

In the ANA+ subgroup, the majority were female (174, 72.5%), mean age 52.3 years (S.D. £13).
Among 191 patients with APS classification, 139 (73%) suffered from previous thrombosis; 23
(12%) manifested as pure obstetric phenotype (obstetric APS), and 29 patients (15%)
experienced both thromboses and pregnancy morbidity. In the ANA- subgroup, similarly the
majority were female (133, 70%), mean age 52.2 years (S.D. £13). Among 160 patients with

APS classification, 113 (71%) suffered from previous thrombosis; 22 (14%) manifested as pure
obstetric phenotype (obstetric APS), and 25 patients (16%) experienced both thromboses and

pregnancy morbidity.

The proportion of patients who experienced at least one arterial/venous thrombosis was
similar among the two subgroups (ANA+ vs. ANA- patients), as well as the number of
arterial/venous thrombotic events. Almost half of the patients (46%) experienced at least one
non-thrombotic/non-obstetric manifestation. No statistically significant difference was
observed in the overall rate of these manifestations between ANA+ and ANA- subgroups
(48.3% vs. 42%, respectively). However, ANA+ patients had a significantly higher rate of
hematological manifestations (persistent autoimmune hemolytic anemia, thrombocytopenia,

leukopenia and/or lymphopenia) (16.6% ANA+ vs. 7% ANA-, p =0.006).

In our cohort, no statistically significant difference was observed when aPL distribution was
computed separately for each autoantibody specificity. However, when considering the aPL
profile, ANA+ subjects presented a higher rate of triple aPL-positive testing when compared
to the ANA- subgroup (42% vs. 31% respectively, p =0.02). Conversely, single aPL positivity
was found in a higher proportion of ANA- subjects (38% ANA- vs. 27% ANA+, p =0.017). A
similar distribution of double aPL positivity was found among the two groups (26% ANA+ vs.

26% ANA-).

Among female patients who experienced at least one pregnancy, 113 were ANA+ and 96 were

ANA-. When comparing the two subgroups, we found a statistically significant difference in



the number of pregnancies per patient (mean 3.1 £1.65 vs. 2.26 £1.64 in the ANA- and ANA+
subgroups respectively, p =0.018), and number of live births (mean 1.69 1.1 vs. 1.35 0.9,
ANA- and ANA+ subgroups respectively, p =0.014). A similar proportion of patients among
both subgroups experienced at least one pregnancy morbidity event (68% ANA+ vs. 74% ANA-
), as well as a similar rate of unexplained fetal death beyond 10 weeks of gestation (32% ANA+
vs. 36% ANA-), premature births before 34 weeks of gestation (19% ANA+ vs. 17% ANA-),
unexplained miscarriages before the 10" week of gestation (35% ANA+ vs. 41% ANA-), and
three consecutive unexplained miscarriages before the 10t week of gestation (8% ANA+ vs.

11% ANA-).

Interestingly, additional differences were found among the two groups, including: a wider
proportion of ANA+ patients were reported to be treated with hydroxychloroquine (HCQ) (p
<0.001), presented higher percentage of hypocomplementemia, both for C3 and C4 fractions
(p=0.02 and p =0.03, respectively), higher positivity for ENA, such as anti-Ro (p <0.001). Based
on the absence, in the ANA- subgroup, of subjects who tested positive for anti-SSB/La and
anti-RNP antibodies, chi-squared test was not performed. However, we highlight that in the
ANA+ group we observed 5 patients who tested positive for anti-SSB/La antibodies, and 6

were positive for anti-RNP antibodies.

When performing a subgroup-analysis only in the PAPS group, the association with
hematologic manifestations and ANA positivity remained significant (16.7% ANA+ vs. 7.5%
ANA-, p =0.004), as well as the lower levels of C3 and C4 fractions. Similarly, we also observed

a higher use of HCQ for ANA+ patients (p <0.001).

Among aPL carriers, those with positive ANA had a higher rate of arthritis (p =0.006). They
also present with lower levels of C3 and C4 fractions and are more frequently exposed to HCQ

(p <0.001).

On the contrary, when focusing on pregnancy outcomes, ANA- patients had a higher number
of pregnancies and live births, (both aPL carriers and PAPS patients, (p =0.022 and p =0.016,

respectively).

When performing the secondary analysis without excluding those aPL-positive patients, both
aPL carriers and PAPS, who tested positive for anti-Sm and/or anti-dsDNA antibodies at the

time of the inclusion in the registry (total number 480), we observed that ANA tested positive



in 284 subjects [205 females, mean age at inclusion 52.2 years (S.D. £12)], whereas 196 were
found negative [133 females, mean age at inclusion 52 years (S.D. £13)]. When comparing
these two groups, compared to ANA- patients, ANA-positivity was associated with a higher
rate of hematological manifestations (hemolytic anemia, thrombocytopenia, and leukopenia)
(p <0.001), low complement levels, both C3 and C4 (p <0.001), a higher rate of anti-dsDNA
and anti-Sm positivity (p <0.001), along with anti-SSA/Ro (p <0.001), anti-SSB/La (p =0.041),
and anti-RNP (p =0.018). Moreover, a higher rate of double and triple aPL positivity (p =0.05),
and a trend for any previous arterial events and the higher number of arterial events, were

observed when focusing on the ANA- subjects (data not shown).

When exploring the presence of any difference in ANA+ vs. ANA- patients limiting the analysis
to subjects who did not have hypocomplementemia or any other autoantibodies present, we

failed to observe any statistically significant difference.

Discussion

In this study, we highlight that a sizeable proportion (56%) of aPL carriers and PAPS patients
is positive for ANA test in the absence of a concomitant SARDs. A positive ANA test was
associated with a higher rate of baseline hematologic manifestation, arthritis, multiple aPL

and ENA positivity, low complement levels, and HCQ use.

In line with a recent retrospective study by Ricard et al (20), our findings confirmed the
association between ANA and a high risk aPL profile, especially triple positivity. Interestingly,
in our cohort, this evidence was not paralleled by a higher rate of arterial events, as emerged
in previous studies (21,22). While it is well recognized that triple aPL-positive patients are
more likely to experience thromboembolic recurrences (23), the design of this study, which
relies solely on data gathered at the time of registry entry, might have prevented us from
observing the occurrence of first thrombotic event in aPL carriers as well as recurrences in

PAPS patients during the follow-up period.

We observed that patients with a positive ANA exert a tendency toward non-thrombotic/non-
obstetric aPL and systemic autoimmune disease manifestations, particularly cytopenia, low

complement levels, and ENA antibody positivity, as already observed in other studies



(21,24,25). Aside from their diagnostic value, this point might be crucial for prognostic and
therapeutic purposes (26). Of note, the occurrence of additional clinical features, such as joint
involvement, became relevant in our aPL-positive cohort only when focusing on individuals
without aPL-related manifestations. Over the years, whether aPL-positive patients with and
without additional clinical and serological features beyond thrombosis and pregnancy
complications, such as arthritis, livedo reticularis and cytopenia, might develop SLE during
their life, has been already investigated, with conflicting results (27-31). Indeed, the presence
of intermediate characteristics between connective tissue disease and APS, might justify the
higher proportion of ANA+ patients treated with HCQ, which is known for its
immunomodulatory properties and its optimal safety profile (32). Data have also suggested
that HCQ might be effective in delaying the progression toward SLE in ANA positive subjects
through the inhibition of early mediators such as B-cells activating factor and interferon
pathway (33). Our studies on the predictors of SARDs development in primary aPL/APS

patients, using prospective registry data, are ongoing.

A recent systematic review and metanalysis (34), performed to evaluate the significance of
ANA in female fertility, subfertility, and pregnancy complications, has reported that the
literature is inconclusive regarding the potential relationship between ANA and late
maternal/fetal complications, such as preterm births, stillbirths and
preeclampsia/hypertensive disorders, mainly due to the lack of large, well-designed,
comparable studies, as well as for the heterogeneity in ANA positivity cut-off values and
testing methodologies. Likewise, sufficient data regarding the relationship between ANA and
infertility are lacking. However, solid evidence seems to exist regarding the unfavourable
effect of ANA presence on in-vitro fertilization (IVF) procedures, in terms of implantation
failure, miscarriage after implantation, and overall low probability of IVF success (34). When
focusing on recurrent early pregnancy loss (RPL), the authors found a higher risk of RPL in
ANA+ compared to ANA- patients, when considering both definitions of RPL (> two and >
three pregnancy losses) (34). In our cohort, ANA- female patients presented a higher number
of pregnancies and live births when compared to the ANA+ subgroup. Interestingly, no
statistical difference has been observed when focusing on gestational complications, such as
stillbirths, premature births, pregnancy losses before the 10th week of gestation, and RPL.

Although limited, this observation might suggest a relationship between the presence of ANA
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and lower fertility rates, which should be addressed by appropriate studies. Moreover, the
larger use of HCQ in ANA+ group that has been observed in our cohort might have had a
favourable influence on pregnancy outcomes in these patients, as already reported by
numerous studies (35—37), consistently decreasing the risk of experiencing adverse events

during gestation.

This study has some limitations, such as the low number of aPL carriers included in the
analysis which hampered potential observations in this specific subgroup. Moreover, ANA
testing and consequently ANA status (positive or negative) have been performed locally,
reported by each center at the time of the enrolment in the APS ACTION Registry, and not
repeated in core laboratories. This aspect might imply a certain heterogeneity in laboratory
techniques and cut-off values. In addition, since the dense fine speckled 70kDa molecular
weight (DFS-70) antibody represents a type of ANA often found in healthy individuals and in
those patients who will not develop a SARD (38), the assessment of anti-DFS-70 antibody
status in our cohort, would have increased the specificity of our analysis. Finally, the lack of
follow-up data has limited our ability to observe the clinical course of our patients, and
therefore to assess the prognostic value of ANA. On the other hand, the APS ACTION Registry
collects the largest, well-characterized, international cohort of aPL positive patients with
prospective follow-up, therefore representing a unique resource in the future to better
understand the evolution of this disease. Therefore, this study has been developed using real
word data collected and entered by international centers with great experience in the field of

systemic autoimmune disorders and APS.

In conclusion, our large scale international multi-center registry analysis showed that ANA
was not associated with thrombosis or pregnancy morbidity in aPL-positive patients without
a concomitant SARDs; instead, it was associated with multiple aPL positivity, a higher rate of
systemic features, such as cytopenia, as well as low complement levels, ENA positivity, and
arthritis. Moreover, among female aPL-positive patients who experienced at least one
pregnancy, the absence of ANA was associated with a higher number of both pregnancies and

live births.
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Table 1. Demographic, Clinical, and Laboratory Characteristics of 430 Antiphospholipid

Antibody-positive Patients Based on Anti-nuclear Antibody Status.

ANA- ANA+ p-value
Total number of patients, n (%) 190 (44) 240 (56) -
Demographic features
Age, years, mean (1S.D.) 52.2 (¥13) 52.3 (¥13) 0.96
Sex, females, n (%) 133 (70) 174 (72.5) 0.56
Ethnicity, Caucasians, n (%) 123 (64.7) 162 (67.5) 0.54
APS classification*
PAPS*, n (%) 160 (84) 191 (79.6) 0.21
Thrombotic PAPS*, n (%) 113 (70.6) 139 (73) 0.74
Obstetric PAPS*, n (%) 22 (14) 23 (12) 0.50
Thrombotic and obstetric PAPS*, n (%) 25 (15.6) 29 (15) 0.73
No APS Classification *, n (%) 30 (16) 49 (20) 0.21
Serologic features
aCL positive (1gG/IgM), n (%) 122 (64) 173 (72) 0.08
aB2GPI positive (IgG/1gM), n (%) 101 (53) 145 (60) 0.13
LA positive, n (%) 129 (68) 181 (75) 0.08
Triple aPL positive, n (%) 60 (31) 103 (42) 0.02
Double aPL positive, n (%) 50 (26) 63 (26) 0.98
Single aPL positive, n (%) 72 (38) 64 (27) 0.017
Low C3 levels, n (%) 3(1.6) 16 (6.6) 0.02
Low C4 levels, n (%) 5(2.6) 19 (8) 0.03

16



ENA anti-SSA/Ro positive, n (%) 1(0.5) 17 (7) <0.001
ENA anti-SSB/La positive, n (%) 0(0) 5(2) n.a.
ENA anti-RNP positive, n (%) 0(0) 6 (2.5) n.a.
Traditional baseline cardiovascular risk factors

2/:’;eria| hypertension (on medication), n 62 (32) 65 (27) 021
Dyslipidemia (on medication), n (%) 53 (27.8) 53 (22) 0.16
Diabetes mellitus, n (%) 7 (3.6) 7 (2.9) 0.65
Smoking, n (%) 64 (33.6) 92 (38) 0.31
Additional APS-related clinical features

aPL nephropaty, n (%) 5(2.5) 6 (2.6) 0.93
Hematological manifestations, n (%) 14 (7) 40 (16.6) 0.006
Livedo reticularis/racemosa, n (%) 21 (11.5) 35 (14.5) 0.28
Superficial vein thrombosis, n (%) 10 (5) 13 (5) 0.94
Heart valve disease, n (%) 9(4.7) 18 (7.5) 0.24
Transient ischemic attack, n (%) 19 (10) 21 (8.7) 0.65
Livedoid vasculopathy skin ulcers, n (%) 10 (5) 10 (4) 0.59
Chorea, n (%) 2(1) 3(1) 0.84
Cognitive impairment, n (%) 5(2.6) 10 (4) 0.38
Additional SLE-related clinical features

Photosensitivity, n (%) 5(2.6) 10 (4) 0.38
Arthritis, n (%) 4(2) 13 (5) 0.08
Serositis, n (%) 1(0.5) 2 (0.8) 0.70

ANA means anti-nuclear antibodies; PAPS, primary antiphospholipid syndrome; aPL,

antiphospholipid antibodies; aCL, anti-cardiolipin antibodies; aB2GPI, anti-B2 glycoprotein |
antibodies; ENA, extractable nuclear antigens; n.a., not applicable. *Revised Sapporo APS
classification criteria (S Miyakis, et al. ] Thromb Haemost, 2006)



