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Abstract

:

Antiphospholipid antibodies (aPL) can induce fetal loss in experimental animal models. Human studies did find hypocomplementemia associated with pregnancy complications in patients with antiphospholipid syndrome (APS), but these results are not unanimously confirmed. To investigate if the detection of low C3/C4 could be considered a risk factor for adverse pregnancy outcomes (APO) in APS and aPL carriers’ pregnancies we performed a multicenter study including 503 pregnancies from 11 Italian and 1 Russian centers. Data in women with APS and asymptomatic carriers with persistently positive aPL and preconception complement levels were available for 260 pregnancies. In pregnancies with low preconception C3/C4, a significantly higher prevalence of pregnancy losses was observed (p = 0.008). A subgroup analysis focusing on triple aPL-positive patients found that preconception low C3 and/or C4 levels were associated with an increased rate of pregnancy loss (p = 0.05). Our findings confirm that decreased complement levels before pregnancy are associated with increased risk of APO. This has been seen only in women with triple aPL positivity, indeed single or double positivity does not show this trend. Complement levels are cheap and easy to be measured therefore they could represent a useful aid to identify patients at increased risk of pregnancy loss.
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1. Introduction


Antiphospholipid syndrome is a rare autoimmune disease characterized by thrombotic events involving the venous and arterial systems, including microcirculation, and/or pregnancy morbidities in the presence of confirmed positivity for aPL [1]. aPL are mainly directed against phospholipid-binding proteins and the main antigenic target for aPL is beta2glycoprotein I (B2GPI), a protein found on lipid layers in cellular membranes [2]. The complement system has attracted attention as a potential mediator of pathogenic mechanisms induced by aPL and its activation is regarded as a necessary event not only for thrombosis but also for obstetric complications [3,4]. The complement system comprises over 30 proteins that act in concert to protect the host against invading organisms. Its activation can be triggered via three different pathways: classical, alternative, and leptin. All the pathways converge on the C3 protein and cleave to generate fragments C3a and C3b. C3b attaches covalently to targets, followed by assembly of C5 convertase and the subsequent cleavage of C5 to C5a and C5b [5]. Since the mid-1990s, it has been investigated that activated complement fragments have the capacity to bind and activate inflammatory and endothelial cells in vivo, as well as to induce a prothrombotic phenotype. Several mechanisms have been proposed to account for aPL-induced activation of complement. In particular, anti-B2GPI antibodies-B2GPI complexes have been shown to activate the complement cascade.



In obstetric APS, evidence of complement role has been gained in animals treated with aPL fractions. Girardi et al. demonstrated that C5 deficiency or treatment of mice with anti-C5a monoclonal antibody protects against aPL-induced pregnancy loss and growth retardation [3]. Another group in the same year published that inhibition of the complement cascade in vivo using the C3 convertase inhibitor (Crry-Ig) prevents fetal loss and growth restriction [6]. Furthermore, mice deficient in C3, C4, C5, and factor B were not prone to develop aPL-induced fetal loss [7,8,9]. The progressive evidence of complement involvement in aPL-related pregnancy loss derived by animal models prompted several groups to investigate the significance of complement levels in human disease. B2GPI, the recognized main target of aPL, is widely represented on trophoblast and decidual surface [10]. Complement C3 and C4 serum levels were then assessed in several cohorts of pregnant patients with APS and/or aPL in order to relate complement consumption with APO. However, these studies have yielded inconsistent results, in fact, while some studies have come to find a correlation [11,12], other studies have not revealed a prognostic role for the complement in relation to pregnancy morbidity among aPL-positive women [13,14]. More recently, complement activation products were found to be increased during pregnancy in patients with aPL and APO by two different groups [15,16].



This multicenter retrospective study was conducted to further clarify the prognostic role of preconception serum C3 and C4 levels in a cohort of APS and/or aPL carrier pregnant women without any underlying autoimmune disease.




2. Materials and Methods


2.1. Study Cohort and Inclusion/Exclusion Criteria


Medical records of pregnant women with confirmed positivity for aPL antibodies attending twelve referral centers from January 2010 to December 2020 were retrospectively evaluated.



Exclusion criteria were the presence of an associated systemic autoimmune disease, diagnosed according to the international classification criteria, voluntary termination of pregnancy, fetal losses due to severe fetal malformations. Demographic and clinical data were collected in an anonymized ad hoc created database:




	-

	
criteria and non-criteria manifestations of APS [1];




	-

	
aPL profile and C3 and C4 levels at diagnosis and preconception (considered at least 6 months before pregnancy);




	-

	
therapy during the three trimesters of pregnancy;




	-

	
gestational outcome and maternal complications.










2.2. APO Definitions


For the purpose of this study, we considered as aPL-related APO: spontaneous abortions (<10 weeks of gestation), fetal loss (≥10 weeks of gestation), neonatal death (death of a formed fetus alive at birth in the first 28 days of life), preterm delivery before 37 weeks of gestation, preeclampsia, eclampsia, or HELLP syndrome (hemolysis, elevated liver enzymes, and low platelet). We excluded pregnancies with other recognized causes for adverse pregnancy outcomes (i.e., therapeutical abortion consequent to the finding of anatomical abnormalities).




2.3. Autoantibody Detection


aPL were tested by each participating center in a referral laboratory. Anticardiolipin antibodies (aCL) and antiB2GPI antibodies (aB2GPI) were detected by ELISA according to the current recommendations [17]. Lupus anticoagulant (LA) was detected by coagulation assay according to the guidelines of the International Society on Thrombosis and Hemostasis [18]. Complement C3 and C4 fractions were detected as in clinical practice.




2.4. Statistical Analysis


Categorical variables were reported as a proportion and/or percentage, whereas continuous variables as mean (±standard deviation) values. Fisher’s exact test or chi-squared test for categorical variables and Mann–Whitney test for continuous variables were applied as appropriate. All tests were performed using GraphPad Prism 9. Logistic regression was applied for multivariate analysis using Statview. p-values ≤ 0.05 were considered significant and odds ratio (OR) with 95% confidence interval (95% CI) was indicated.





3. Results


We collected data about 503 pregnancies in 383 patients. The patients were Caucasian (n = 342, 89.2%), African Americans (n = 21, 5.5%), Asian (n = 14, 3.7%), and Latin American (n = 6, 1.6%). In 333 patients (86.9%), a diagnosis of APS according to the classification criteria [1] had been formulated, while 50 (13.1%) were aPL carriers.



Most of the women (228, 68.5%) presented with obstetric morbidity only, while 105 patients (31.5%) had experienced thrombotic events, with or without pregnancy morbidity.



In this cohort, 260 singleton pregnancies in 197 patients with available preconception complement levels and gestational outcomes (52%), 76/143 aPL carriers (53%), and 184/360 (51%) APS pregnancies, were available. A total of 93 (36%) of all pregnancies had low levels of preconception C3 (51/93, 55%) or C4 (13/93, 14%) or both (29/93, 31%). A total of 167 (64%) pregnancies had normal complement levels.



3.1. Autoantibodies Profile


The results of the three aPL assays were available for all the patients. LA was detectable in 97 pregnancies (37.3%). aCL IgG were positive in 180 pregnancies (69.2%), and IgM in 77 (29.6%); anti-B2GPI IgG antibodies were positive in 110 pregnancies (42.3%) and IgM in 96 (36.9%). A triple aPL positivity was observed in 62 women (23.8%) while double in 55 (21.2%) and single in 143 (55%). Antinuclear antibodies (ANA) were persistently positive in 71 patients (27%), anti-dsDNA in 8 (8.6%), anti-extractable nuclear antigens (anti-ENA) in 9 (3.5%), and anti-thyroperoxidase antibody (anti-TPO) and/or anti-thyroglobulin antibody (anti-TG) in 24 (9.2%).




3.2. Pregnancy Outcome


Most pregnancies (224, 86.2%) culminated with a live birth, at a mean gestational age of 37.6 ± 3.4 weeks (range 25.6–41.5). As detailed in Table 1, pregnancy loss occurred in 36 gestations.



During follow-up APO were described in 94 APS and 21 aPL carriers’ pregnancies (51% and 29% respectively). Patients with APO showed significant lower complement levels than women with uncomplicated pregnancies (Figure 1).



Considering the 93 patients (71 APS and 22 aPL carriers) with low preconception C3 and/or C4 and comparing them to patients with normal complement level, a significantly higher prevalence of pregnancy losses was observed (p = 0.008) as well as a higher prevalence of preterm live birth from the 37th week of gestation and earlier (Table 2).



Furthermore, we performed subgroup analysis, considering separately patients with triple aPL positivity. It is worthwhile to underline that in these 62 patients decreased C3/C4 were extremely common (77.4%). In this group of high-risk patients, preconception low C3 and/or C4 levels were found to be associated with an increased rate of pregnancy loss (p = 0.05). On the other hand, among women with single or double aPL positivity, APO was not related to preconception complement levels (Table 2). Maternal complications (preeclampsia n = 14, deep vein thrombosis n = 3, and thrombocytopenia n = 6) were not statistically related with low preconception levels of C3 and/or C4.



In multivariate analysis, the only feature associated with complicated pregnancies was the preconception triple positivity for aPL, both in APS and aPL carrier group (p = 0.02, OR 2.421, CI 95% 1.112–5.273 and p = 0.03, OR 5.823, CI 95% 1.120–30.277, respectively). C3 and C4 preconception levels did not show any correlation, as well as maternal diagnosis.




3.3. Treatment


Most patients with APS were treated with low-dose-aspirin (LDA, n = 161; 87.5%) and/or low-molecular-weight heparin (LMWH; n = 158; 85.8%) during pregnancy. Immunomodulatory or immunosuppressive therapy was recorded in 40 pregnancies, with hydroxychloroquine (HCQ) administrated in 38 cases (20.6%) and low-dose corticosteroids (CS) in 8 (4.3%).



Pregnancies in aPL carriers were treated with LDA in 64 cases (84.2%) and LDA and/or LMWH in 28 (26.8%). In these patients, HCQ was administrated in 4 (5.2%) pregnancies and CS in 5 (6.5%).



Combination therapy with LDA and LMWH was more frequent in patients with triple aPL positivity compared to single/double positivity (82.2% vs. 59.7%, respectively, p = 0.001). Moreover, combination therapy was used more frequently in patients satisfying the criteria for primary APS compared to aPL carriers (53.6% vs. 33.8%, p = 0.005). In multivariate analysis patients with complicated pregnancies were more frequently treated with combination therapy, LDA+LMWH (p = 0.005, OR 2.200, CI 95% 1.273–3.800); however, it did not relate with low preconception C3/C4 levels.



Lastly, we found in patients with triple aPL positivity (with and without APS) and complement consumption that the administration of HCQ on top of combination therapy during pregnancy was significantly related with a better gestational outcome compared to patients that had received only LDA+LMWH (70% vs. 23% did not present any APO, p = 0.018). This observation could not be confirmed in patients with single or double aPL positivity.





4. Discussion


This multicenter study allowed us to identify preconception decreased C3 and C4 levels as a predictive marker for the occurrence of APO in aPL-positive patients with or without clinical manifestations. In a large sample of 260 pregnancies, a decrease in preconception levels of C3/C4 levels were found in 36% of the patients. Overall, women with APO showed significant lower preconception complement levels than those with successful pregnancies, without any difference between APS and aPL carriers. As shown in univariate analysis, low preconception complement levels, mainly C3, resulted as significant risk factor for prematurity and pregnancy loss. This finding is in agreement with previous studies showing an association between low C3/C4 levels and APO [14,16,19]. Partially consistent data were raised by Deguchi and coworkers, who observed that only hypertensive pregnancy complication of APS but not fetal loss are related to decreased C3/C4 levels [14]. Other authors described lower complement levels in APS pregnant women compared to the obstetrical general population but without any relationship with pregnancy loss [13].



Unfortunately, findings emerging in different studies are not always easily comparable: complement determinations were performed in different weeks of gestation and it is well known that pregnancy itself exerts an important influence on the complement components synthesis [20,21,22,23]. Heterogeneity refers even to clinical criteria for study inclusion, with some studies enrolling exclusively women with primary APS and others also women with systemic autoimmune rheumatic conditions. To note, in our study patients with concomitant autoimmune diseases, especially systemic lupus erythematosus, were excluded to avoid bias. ANA positivity was found in 27% of cases, but none of the patients had any additional sign or symptom of SLE or other systemic autoimmune diseases. Autoimmune thyroid disease was found in 9.2%, partially accounting for the high ANA positivity rate.



If animal models have clearly shown that activation of complement is required to produce aPL-mediated pregnancy loss and inflammation and complement deposition at trophoblast and placental level was described [10], histopathological data from human disease are not consistent. In fact, human placenta analysis does not unanimously show complement deposition, and inflammation (chorioamnionitisis or villitis) does not seem always associated with aPL-mediated pregnancy loss [24,25].



This work also addressed the differential prognostic role of complement levels in patients stratified upon the aPL profile (triple versus single/double aPL positivity). The profile of triple aPL positivity is well known to identify patients at high risk for pregnancy loss [26]. Consequently, in this setting the combination therapy during pregnancy is strongly supported not only in patients with obstetrical APS only (without previous thrombosis) but also in aPL carriers, at least when multiple risk factors are identified [11,27,28]. In our study, triple aPL positivity was recorded in 23.8% of the whole cohort, most of the triple aPL-positive patients displayed low C3/C4 levels (77%). Despite the bias related to a better treatment approach and despite the relatively low number of triple aPL-positive pregnancies, low preconception levels of C3 and/or C4 significantly relate to pregnancy loss (p = 0.05). In the group of patients with single/double positivity, the pregnancy outcome was not related to the complement levels before pregnancy.



We also could confirm, in multivariate analysis, the association between APO and triple aPL positivity. Such association held significance even if in most pregnancies (81%) combination therapy (LDA and LMWH) was instituted. This finding suggests that pregnancies in patients with triple aPL positivity, independently from maternal diagnosis and from conventional treatment, seems to be more often characterized by complications. Recently, women with high-risk aPL profiles were found to have a probability of pregnancy morbidity as high as 52% despite conventional treatment (EUREKA). Not surprisingly, in this particular high-risk subgroup, the addition of immunomodulatory therapy has been suggested in literature, ranging from HCQ [29,30] as well as low-dose corticosteroids or intravenous immunoglobulins [31,32]. In our cohort, the therapeutic choices were formulated by the attending physicians, based on the clinical and laboratory profile as well as the previous obstetrical history of each patient. In particular, previous pregnancy failures despite combination therapy and the presence of the so-called “non criteria manifestations”, which have been associated with possible poor gestational outcome [28], can support adding HCQ on top of conventional therapy. Of note, we observed that in triple aPL-positive patients with complement consumption, the addition of HCQ to the combination therapy is linked to a significantly reduced rate of APO. This positive effect on pregnancy complications was not observed in patients with normal complement levels. Positive effects of HCQ during pregnancy in APS patients were already described by other authors and suggested by EULAR recommendations that propose this additional treatment option [29,33].



We reported a low rate of maternal complications during pregnancy and/or puerperium. In particular, we reported three mothers with deep vein thrombosis. One patient with vascular APS suffered a deep vein thrombosis during the second trimester, while she was on LMWH at therapeutic dosage. Two women, one vascular and one obstetric APS, experienced venous thrombosis during puerperium in accordance with the well-known risk of postpartum thrombosis in the general obstetric population. In both cases, the patients were in prophylactic therapy with LMWH.



We also observed 14 pregnancies (5%) complicated by PE/HELLP syndrome, 6 of them were patients with a triple positivity for aPL (4 APS).



In the group of pregnancies with maternal complications, we did not find any statistical correlation with low preconception C3/C4 levels in contrast with what has been reported by other authors [34].



This study has several limitations: the retrospective design, which could have led to possible completeness and registration bias; the lack of a centralized laboratory, which could be considered not so relevant since only routine assays were included in the study; the multicenter nature, a possible source of heterogeneity.



However, the study also has several strengths: the inclusion of a large number of pregnancies in patients with aPL/APS, regularly followed throughout their gestational period; the useful application of simple and cheap laboratory tests, such as C3 and C4 levels that are routinely and widely performed; the inclusion of patients from twelve different centers, which testifies to the solid nature of the obtained results.



In conclusion, this study shows that low levels of C3 and C4 in aPL/APS patients are linked to a worse pregnancy outcome, even in patients with triple antibody positivity, which already carries a bad prognosis. Therefore, C3 and C4 complement assay, which are inexpensive and routinely available, could provide a valid tool to better stratify the risk of pregnancy morbidity in women carrying aPL. Given the high rate of unresponsiveness to treatment we still observe among aPL-positive women embarking on a pregnancy, it would be valuable to early identify women that could possibly benefit from a closer monitoring and a more aggressive therapeutic approach, such as the addition of HCQ to conventional treatment.







Author Contributions


Conceptualization and methodology, C.N., D.L., L.A., F.C. (Francesca Crisafulli), M.F. (Micaela Fredi), M.G.L., V.B., A.C., V.C., R.C., F.C. (Francesco Carubbi), C.B.C., P.C., F.C. (Fabrizio Conti), C.D.C., T.D.R., M.F. (Maria Favaro), M.G., A.I., J.K., A.M., P.L.M., M.M., M.P., R.P., P.R.-Q., G.D.S., C.T., M.T., S.T., D.Z., F.F. and A.T.; formal analysis, C.N. and D.L.; data curation, C.N. and D.L.; writing—original draft preparation, C.N. and D.L.; writing—review and editing, C.N., A.T. and L.A.; supervision, A.T. and L.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Local Ethics Committee of Spedali Civili of Brescia.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data will be available upon reasonable request.




Acknowledgments


This work was made possible thanks to the active collaboration realized within the Study Group of Gender Medicine of the Italian Society of Rheumatology (SIR).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Miyakis, S.; Lockshin, M.D.; Atsumi, T.; Branch, D.W.; Brey, R.L.; Cervera, R.; Derksen, R.H.W.M.; De Groot, P.G.; Koike, T.; Meroni, P.L.; et al. International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS). J. Thromb. Haemost. 2006, 4, 295–306. [Google Scholar] [CrossRef]

	



Meroni, P.L.; Borghi, M.O.; Raschi, E.; Tedesco, F. Pathogenesis of antiphospholipid syndrome: Understanding the antibodies. Nat. Rev. Rheumatol. 2011, 7, 330–339. [Google Scholar] [CrossRef] [PubMed]

	



Girardi, G.; Berman, J.; Redecha, P.; Spruce, L.; Thurman, J.M.; Kraus, D.; Salmon, J.E. Complement C5a receptors and neutrophils mediate fetal injury in the antiphospholipid syndrome. J. Clin. Investig. 2003, 112, 1644–1654. [Google Scholar] [CrossRef] [PubMed]

	



Pierangeli, S.S.; Girardi, G.; Vega-Ostertag, M.; Liu, X.; Espinola, R.G.; Salmon, J. Requirement of activation of complement C3 and C5 for antiphospholipid antibody-mediated thrombophilia. Arthritis Rheum. 2005, 52, 2120–2124. [Google Scholar] [CrossRef] [PubMed]

	



Ricklin, D.; Hajishengallis, G.; Yang, K.; Lambris, J.D. Complement: A key system for immune surveillance and homeostasis. Nat. Immunol. 2010, 11, 785–797. [Google Scholar] [CrossRef]

	



Holers, V.M.; Girardi, G.; Mo, L.; Guthridge, J.M.; Molina, H.; Pierangeli, S.S.; Salmon, J.E. Complement C3 activation is required for anti-phospholipid antibody-induced fetal loss. J. Exp. Med. 2002, 195, 211–220. [Google Scholar] [CrossRef] [PubMed]

	



Berman, J.; Girardi, G.; Salmon, J.E. TNF-α Is a Critical Effector and a Target for Therapy in Antiphospholipid Antibody-Induced Pregnancy Loss. J. Immunol. 2005, 174, 485–490. [Google Scholar] [CrossRef]

	



Chighizola, C.B.; Andreoli, L.; Gerosa, M.; Tincani, A.; Ruffatti, A.; Meroni, P.L. The treatment of anti-phospholipid syndrome: A comprehensive clinical approach. J. Autoimmun. 2018, 90, 1–27. [Google Scholar] [CrossRef]

	



Thurman, J.M.; Kraus, D.M.; Girardi, G.; Hourcade, D.; Kang, H.J.; Royer, P.A.; Mitchell, L.M.; Giclas, P.C.; Salmon, J.; Gilkeson, G.; et al. A novel inhibitor of the alternative complement pathway prevents antiphospholipid antibody-induced pregnancy loss in mice. Mol. Immunol. 2005, 42, 87–97. [Google Scholar] [CrossRef]

	



Cohen, D.; Buurma, A.; Goemaere, N.N.; Girardi, G.; Le Cessie, S.; Scherjon, S.; Bloemenkamp, K.W.M.; De Heer, E.; A Bruijn, J.; Bajema, I.M. Classical complement activation as a footprint for murine and human antiphospholipid antibody-induced fetal loss. J. Pathol. 2011, 225, 502–511. [Google Scholar] [CrossRef]

	



De Carolis, S.; Botta, A.; Santucci, S.; Salvi, S.; Moresi, S.; Di Pasquo, E.; Del Sordo, G.; Martino, C. Complementemia and obstetric outcome in pregnancy with antiphospholipid syndrome. Lupus 2012, 21, 776–778. [Google Scholar] [CrossRef]

	



Ruffatti, A.; Tonello, M.; Visentin, M.S.; Bontadi, A.; Hoxha, A.; De Carolis, S.; Botta, A.; Salvi, S.; Nuzzo, M.; Rovere-Querini, P.; et al. Risk factors for pregnancy failure in patients with anti-phospholipid syndrome treated with conventional therapies: A multicentre, case-control study. Rheumatology 2011, 50, 1684–1689. [Google Scholar] [CrossRef] [PubMed]

	



Reggia, R.; Ziglioli, T.; Andreoli, L.; Bellisai, F.; Iuliano, A.; Gerosa, M.; Ramoni, V.; Tani, C.; Brucato, A.; Galeazzi, M.; et al. Primary anti-phospholipid syndrome: Any role for serum complement levels in predicting pregnancy complications? Rheumatology 2012, 51, 2186–2190. [Google Scholar] [CrossRef] [PubMed]

	



Deguchi, M.; Yamada, H.; Sugiura-Ogasawara, M.; Morikawa, M.; Fujita, D.; Miki, A.; Makino, S.; Murashima, A. Factors associated with adverse pregnancy outcomes in women with antiphospholipid syndrome: A multicenter study. J. Reprod. Immunol. 2017, 122, 21–27. [Google Scholar] [CrossRef]

	



Kim, M.Y.; Guerra, M.M.; Kaplowitz, E.; A Laskin, C.; Petri, M.; Branch, D.W.; Lockshin, M.D.; Sammaritano, L.R.; Merrill, J.T.; Porter, T.F.; et al. Complement activation predicts adverse pregnancy outcome in patients with systemic lupus erythematosus and/or antiphospholipid antibodies. Ann. Rheum. Dis. 2018, 77, 549–555. [Google Scholar] [CrossRef]

	



Tabacco, S.; Giannini, A.; Garufi, C.; Botta, A.; Salvi, S.; Del Sordo, G.; Panici, P.B.; Lanzone, A.; De Carolis, S. Complementemia in pregnancies with antiphospholipid syndrome. Lupus 2019, 28, 1503–1509. [Google Scholar] [CrossRef] [PubMed]

	



Bertolaccini, M.L.; Amengual, O.; Andreoli, L.; Atsumi, T.; Chighizola, C.B.; Forastiero, R.; de Groot, P.; Lakos, G.; Lambert, M.; Meroni, P.L.; et al. 14th International Congress on Antiphospholipid Antibodies Task Force. Report on antiphospholipid syndrome laboratory diagnostics and trends. Autoimmun. Rev. 2014, 13, 917–930. [Google Scholar] [CrossRef] [PubMed]

	



Brandt, J.T.; Triplett, D.A.; Alving, B.; Scharrer, I. Criteria for the diagnosis of lupus anticoagulants: An update. On behalf of the subcommittee on lupus anticoagulant/antiphospholipid antibody of the scientific and standardization committee of the ISTH. Thromb. Haemost. 1995, 74, 1185–1190. [Google Scholar] [CrossRef] [PubMed]

	



Fredi, M.; Andreoli, L.; Aggogeri, E.; Bettiga, E.; Lazzaroni, M.G.; Le Guern, V.; Lojacono, A.; Morel, N.; Piette, J.C.; Zatti, S.; et al. Risk Factors for Adverse Maternal and Fetal Outcomes in Women With Confirmed aPL Positivity: Results From a Multicenter Study of 283 Pregnancies. Front. Immunol. 2018, 9. [Google Scholar] [CrossRef] [PubMed]

	



Girardi, G.; Lingo, J.J.; Fleming, S.D.; Regal, J.F. Essential Role of Complement in Pregnancy: From Implantation to Parturition and Beyond. Front. Immunol. 2020, 11, 1681. [Google Scholar] [CrossRef]

	



Girardi, G.; Prohászka, Z.; Bulla, R.; Tedesco, F.; Scherjon, S. Complement activation in animal and human pregnancies as a model for immunological recognition. Mol. Immunol. 2011, 48, 1621–1630. [Google Scholar] [CrossRef] [PubMed]

	



Girardi, G. Complement activation, a threat to pregnancy. Semin. Immunopathol. 2017, 40, 103–111. [Google Scholar] [CrossRef]

	



Ebulla, R.; Ebossi, F.; Etedesco, F. The Complement System at the Embryo Implantation Site: Friend or Foe? Front. Immunol. 2012, 3, 55. [Google Scholar] [CrossRef]

	



Matrai, C.E.; Rand, J.H.; Baergen, R.N. Absence of Distinct Immunohistochemical Distribution of Annexin A5, C3b, C4d, and C5b-9 in Placentas from Patients With Antiphospholipid Antibodies, Preeclampsia, and Systemic Lupus Erythematosus. Pediatr. Dev. Pathol. 2019, 22, 431–439. [Google Scholar] [CrossRef]

	



Shamonki, J.M.; Salmon, J.E.; Hyjek, E.; Baergen, R.N. Excessive complement activation is associated with placental injury in patients with antiphospholipid antibodies. Am. J. Obstet. Gynecol. 2007, 196, 167.e1–167.e5. [Google Scholar] [CrossRef]

	



Pengo, V.; Ruffatti, A.; Tonello, M.; Cuffaro, S.; Banzato, A.; Bison, E.; Denas, G.; Jose, S.P. Antiphospholipid syndrome: Antibodies to Domain 1 of β2-glycoprotein 1 correctly classify patients at risk. J. Thromb. Haemost. 2015, 13, 782–787. [Google Scholar] [CrossRef] [PubMed]

	



Tektonidou, M.G.; Andreoli, L.; Limper, M.; Tincani, A.; Ward, M.M. Management of thrombotic and obstetric antiphospholipid syndrome: A systematic literature review informing the EULAR recommendations for the management of antiphospholipid syndrome in adults. RMD Open 2019, 5, e000924. [Google Scholar] [CrossRef] [PubMed]

	



Lazzaroni, M.-G.; Fredi, M.; Andreoli, L.; Chighizola, C.B.; Del Ross, T.; Gerosa, M.; Kuzenko, A.; Raimondo, M.-G.; Lojacono, A.; Ramazzotto, F.; et al. Triple Antiphospholipid (aPL) Antibodies Positivity Is Associated With Pregnancy Complications in aPL Carriers: A Multicenter Study on 62 Pregnancies. Front. Immunol. 2019, 10, 1948. [Google Scholar] [CrossRef]

	



Mekinian, A.; Lazzaroni, M.G.; Kuzenko, A.; Alijotas-Reig, J.; Ruffatti, A.; Levy, P.; Canti, V.; Bremme, K.; Bezanahary, H.; Bertero, T.; et al. The efficacy of hydroxychloroquine for obstetrical outcome in anti-phospholipid syndrome: Data from a European multicenter retrospective study. Autoimmun. Rev. 2015, 14, 498–502. [Google Scholar] [CrossRef] [PubMed]

	



Sciascia, S.; Branch, D.W.; Levy, R.A.; Middeldorp, S.; Pavord, S.; Roccatello, D.; Ruiz-Irastorza, G.; Tincani, A.; Khamashta, M.; Schreiber, K.; et al. The efficacy of hydroxychloroquine in altering pregnancy outcome in women with antiphospholipid antibodies. Thromb. Haemost. 2016, 115, 285–290. [Google Scholar] [CrossRef]

	



Tektonidou, M.G.; Andreoli, L.; Limper, M.; Amoura, Z.; Cervera, R.; Costedoat-Chalumeau, N.; Cuadrado, M.J.; Dörner, T.; Ferrer-Oliveras, R.; Hambly, K.; et al. EULAR recommendations for the management of antiphospholipid syndrome in adults. Ann. Rheum. Dis. 2019, 78, 1296–1304. [Google Scholar] [CrossRef] [PubMed]

	



Ruffatti, A.; Tonello, M.; Favaro, M.; Del Ross, T.; Calligaro, A.; Ruffatti, A.T.; Gervasi, M.T.; Hoxha, A. The efficacy and safety of second-line treatments of refractory and/or high risk pregnant antiphospholipid syndrome patients. A systematic literature review analyzing 313 pregnancies. Semin. Arthritis Rheum. 2021, 51, 28–35. [Google Scholar] [CrossRef] [PubMed]

	



Bertolaccini, M.L.; Contento, G.; Lennen, R.; Sanna, G.; Blower, P.J.; Ma, M.T.; Sunassee, K.; Girardi, G. Complement inhibition by hydroxychloroquine prevents placental and fetal brain abnormalities in antiphospholipid syndrome. J. Autoimmun. 2016, 75, 30–38. [Google Scholar] [CrossRef]

	



Chighizola, C.B.; Lonati, P.A.; Trespidi, L.; Meroni, P.L.; Tedesco, F. The Complement System in the Pathophysiology of Pregnancy and in Systemic Autoimmune Rheumatic Diseases during Pregnancy. Front. Immunol. 2020, 11. [Google Scholar] [CrossRef]








[image: Biomedicines 09 00671 g001 550] 





Figure 1. Preconception complement level in complicated vs. not complicated pregnancies. 
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Table 1. Outcome and APO of the study cohort.
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	Gestational Outcome and Maternal Complications
	260 Pregnancies

(N, %)





	Spontaneous abortion
	27 (10.4%)



	Fetal death
	7 (2.7%)



	Live births
	224 (86.2%)



	Neonatal death
	2 (0.8%)



	Preterm deliveries < 37 weeks
	77 (29.6%)



	SGA a
	3 (1.2)



	Intrauterine growth restriction
	5 (1.9)



	Preeclampsia/HELLP syndrome b
	14 (3.9)



	Thrombocytopenia
	6 (2.3)



	DVT c
	3 (1.1)



	Gestational diabetes
	6 (2.3)



	PROM d
	9 (3.5)



	Hemolytic anemia
	1 (0.4)







a SGA: small for gestational age was defined as a birth weight in the <10th percentile for gestational age. b HELLP syndrome: concomitant presence of severe thrombocytopenia (platelets ≤ 50,000/μL), evidence of hepatic dysfunction (liver enzymes ≥70 IU/l), and evidence suggestive of hemolysis (total serum lactate dehydrogenase ≥600 IU/l). c DVT: deep vein thrombosis. d PROM: preterm premature rupture of membranes was defined as rupture of the membranes before 37 weeks of gestation.
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Table 2. Relationship between gestational outcome, maternal pregnancy complications and preconception complement levels.






Table 2. Relationship between gestational outcome, maternal pregnancy complications and preconception complement levels.





	

	
All

Pregnancies (n = 260)

	
Triple

aPL Positivity (n = 62)

	
Single or Double

aPL Positivity (n = 198)




	
Gestational

Outcome

	
Low C3/C4 (n = 93)

	
Normal C3/C4 (n = 167)

	
p

	
OR (CI 95%)

	
Low C3/C4 (n = 48)

	
Normal C3/C4 (n = 14)

	
p

	
OR (CI 95%)

	
Low C3/C4 (n = 45)

	
Normal C3/C4 (n = 153)

	
p

	
OR (CI 95%)






	
Term live birth (≥37 w)

	
39 (42%)

	
121 (72%)

	
<0.0001

	
0.367 (0.205–0.655)

	
13 (27%)

	
7 (50%)

	
ns

	
-

	
26 (58%)

	
114 (75%)

	
ns

	
-




	
Preterm live birth (<37 w)

	
34 (37%)

	
30 (18%)

	
<0.0001

	
2.390 (1.337–4.274)

	
23 (48%)

	
7 (50%)

	
ns

	
-

	
11 (24%)

	
23 (15%)

	
ns

	
-




	
Pregnancy losses (abortion, fetal death, and neonatal death)

	
20 (21%)

	
16 (10%)

	
0.008

	
2.586 (1.266–5.282)

	
12 (25%)

	
0 (0%)

	
0.05

	
-

	
8 (18%)

	
16 (10%)

	
ns

	
-
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