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Abstract

This prospective study aimed to evaluate pregnancy outcome and complications in women

with recurrent pregnancy loss (RPL) and protein S (PS) deficiency, who received low dose

aspirin (LDA) or LDA plus heparin (LDA/H) therapies. Clinical characteristics, pregnancy

outcome, and complications of 38 women with two or more RPL and <60% of plasma free PS

antigen were compared among three groups: antiphospholipid antibody (aPL)-negative

women who received LDA (group A), aPL-negative women who received LDA/H (group B),

and aPL-positive women who received LDA/H (group C). Gestational weeks (GW) at

delivery in group C (median 32GW) were earlier than 40GW in group A and 38.5GW in

group B (p<0.05). The birth weight in group C (median 1794g) was less than 2855¢g in group

B (p<0.05). The incidences of fetal growth restriction (37.5%), pregnancy-induced

hypertension (37.5%), and preterm delivery (62.5%) in group C were higher than those (4.5%,

0%, and 4.5%, respectively) in group B (p<0.05). Women with RPL, PS deficiency, and

positive aPL had high risks for adverse pregnancy outcome and complications, even when

they received LDA/H therapy. Among women with RPL, PS, and negative aPL, there was no

difference in these risks between LDA alone and LDA/H therapies.



Introduction

Protein S (PS) is a vitamin K-dependent glycoprotein that is present in platelets and

is synthesized within the liver and endothelial cells. PS is part of the natural anticoagulant

system by acting as a cofactor to activated Protein C (PC) in the proteolytic inactivation of

procoagulant factors Va and VIlla. In addition, PS has direct activated PC-independent

anticoagulant activity by inhibiting formation of prothrombin and proteinase complexes. PS

forms a complex with the compliment regulatory protein, C4b-binding protein.

Approximately 60% of the total plasma PS circulates bound to C4b-binding protein, while the

remaining 40% circulates as free PS. Only free PS has anticoagulant function.

PS deficiency causes failure of the coagulation and hemostasis system, and is

associated with venous thromboembolism and prenatal complications of pregnancy involving

miscarriage, fetal death, fetal growth restriction FGR, abruptio placenta, and

pregnancy-induced hypertension [1-5]. PS deficiency is classified into two types, which

include primary (inherited) PS deficiency and secondary PS deficiency in which plasma PS

levels physiologically decrease because of hormonal factors, such as estrogen [6].

Low-dose aspirin (LDA) alone or LDA plus heparin (LDA/H) can be used for the

treatment of PS deficiency-complicated pregnancies [7]. However, whether LDA or LDA/H

therapy is effective for pregnancies in women with a history of recurrent pregnancy loss

(RPL) and PS deficiency is still unclear [7, 8]. This cohort study aimed to evaluate the



outcome and complications of pregnancy in women with RPL and PS deficiency under LDA

or LDA/H therapy in relation to the presence or absence of antiphospholipid antibody (aPL).

Material and methods

This prospective cohort study was approved by the institutional ethical boards of

Kobe University Hospital. Informed consent was obtained from all of the patients. Between

June 2009 and March 2014, women who had a history of two or more RPLs and visited the

infertility clinic of the university hospital were enrolled. All RPL women underwent

measurement of chromosomal karyotypes. We also measured thyroid, liver, and kidney

function, as well as hemostatic coagulation factors, including d-dimer, factor XII, protein C,

protein S, lupus anticoagulant (LA), anticardiolipin antibody (aCL), and B2-glycoprotein

I-dependent anticardiolipin antibody (aB2GPI) prior to pregnancy and/or early in pregnancy.

Women who carried a chromosomal abnormality of the couple were excluded from the study.

Plasma levels of free PS antigen were measured by latex agglutination tests using

the LIA test free PS II (reference range, 71-113%; Roche Diagnostics Japan, Tokyo). PS

deficiency was defined as <60% of plasma free PS antigen early in pregnancy. RPL women

with PS deficiency received either LDA (aspirin 81 mg/day until 27 gestational weeks [GW])

alone or LDA/H (unfractionated heparin 5000—10,000 units/day until 36 GW) therapy. They

were informed about adverse effects of unfractionated heparin therapy including the bleeding



and osteoporosis, and also informed about scanty evidence of the efficacy for repeated early

pregnancy losses. Then, they selected to receive LDA or LDA/H therapy with informed

consent. If RPL women with PS deficiency had a positive test for aPL, they were

recommended to receive LDA/H (aspirin 81 mg/day until 27 GW; heparin 10,000—15,000

units/day until delivery) therapy.

According to the criteria of antiphospholipid syndrome [9], positive tests for aCL,

aP2GP1, and LA were defined as follows: an IgG and/or IgM isotype of aCL is present in

serum or plasma with a medium to high titer (>40 index or > the 99th percentile), as measured

by a standardized ELISA; IgG of aB2GP1 is present in serum or plasma with a titer > the 99th

percentile, as measured by a standardized ELISA; and LA is present in plasma, as detected

according to the guidelines of the International Society on Thrombosis and Hemostasis

(Scientific Subcommittee on LAs/phospholipid-dependent antibodies).

The patients were divided into three groups as follows: aPL-negative women who

received LDA alone (group A), aPL-negative women who received LDA/H (group B), and

aPL-positive women who received LDA/H therapy (group C). Clinical characteristics, and

outcome and complications of pregnancy were compared among these three groups.

Statistical analysis was performed by JMP 11(JMP, Tokyko, Japan). Differences

between groups were analyzed using the Student’s t test or Welch’s test for independent

samples where variables had a normal distribution, or the Wilcoxon criterion if distribution of



data was not normal. A p value < 0.05 was considered statistically significant.

Results

During the study period, 259 consecutive women with RPL were enrolled. Forty-five

(17.4%) women had PS deficiency early in pregnancy. Forty of the 45 women completed their

pregnancies, in which two pregnancies of aPL-negative women with LDA/H therapy ended in

miscarriages with abnormal chromosomal karyotypes of fetuses. These two pregnancies were

excluded from the study analyses. The other 38 singleton pregnancies, including eight

pregnancies in group A, 22 in group B, and eight in group C, resulted in live births beyond 22

GW and were analyzed in this study. One pregnancy in group B and four in group C were

complicated by systemic lupus erythematosus. In group B, 15 women received 10,000

units/day of unfractionated heparin and 7 received 5000 units/day depending on their pregnant

histories. In group C, 3 women received 15,000 units/day of unfractionated heparin and 5

received 10,000 units/day depending on positive aPL tests or pregnant histories including

stillbirth.

The clinical characteristics of the 38 women with RPL and PS deficiency are shown

in Table I. The body weight at delivery or number of previous live birth in group C was

significantly higher than that in group B (p<0.05). The frequency of primary RPL in group B

(90.9%) was significantly higher than that in group A (62.5%, p<0.05) and in group C (50%,



p<0.01). There were no significant differences in maternal age at pregnancy, body mass index,

numbers of previous gestation and previous pregnancy loss, GW at blood sampling, or plasma

levels of free PS antigen among the three groups.

The outcome and complications of pregnancy are shown in Table II. GW at delivery

in group C (median, 32; range, 2640 GW) was significantly earlier than that in group A (40;

34-41 GW, p<0.05) and in group B (38.5; 3441 GW, p<0.05). Birth weight in group C

(1794; 750-3384 g) was significantly less than that in group B (2855; 1716-3890 g, p<0.05).

The incidence of complications of pregnancy, including fetal growth restriction (37.5%),

pregnancy-induced hypertension (37.5%), and preterm delivery (62.5%) in group C was

higher than that in group B (4.5%, 0%, and 4.5%, respectively, p<0.05). There was no

significant difference in GW at delivery, birth weight, or the incidence of complications of

pregnancy between groups A and B. No women experienced thromboembolism during their

pregnancies.

Discussion

In the Japanese population, thrombophilia, such as gene mutations of factor V Leiden

and prothrombin G20210A, is almost absent [10-12]. However, the incidence of PS

deficiency in Japan is approximately 2.0% [11, 13], which is higher than that in the European

population (0.03-0.13%) [14]. The point mutation of PS Lys155Glu, which is named PS



Tokushima, is found at a high frequency of 1 in 55 Japanese people [13]. A recent multicenter

study of the Ministry of Health, Labour and Welfare of Japan (H20-Kodomo-Ippan-002)

demonstrated that PS deficiency is a risk factor of RPL in Japanese women, accounting for

7.8% of etiologies. In the present study, we found a relatively high frequency of PS deficiency

(17.4%) in RPL women. This is because patients who have a history of autoimmune disease,

thromboembolism, and severe complications of pregnancy are often referred to university

hospitals.

In Europe and the United States, PS deficiency is a risk factor of RPL, especially

for late pregnancy loss [15, 16]. PS deficiency may induce thrombosis in decidual vessels and

impair placentation through hypercoagulability and inflammation, causing an adverse

outcome and complications in pregnancy [1]. Recent studies have reported the efficacy of

anticoagulant therapy during pregnancy in RPL women with PS deficiency [8, 17, 18]. The

authors from these studies recommended the use of heparin therapy rather than no therapy or

LDA alone. However, the number of subjects in these studies was relatively small. Therefore,

standard medication during pregnancy in RPL women with PS deficiency has still not been

established.

In the present study, among aPL-negative women, there was no significant

difference in the outcome or complications of pregnancy between women with LDA alone

(group A) and women with LDA/H (group B). Heparin therapy might not be necessary for



pregnancies of RPL women with PS deficiency who have a negative test for aPL or no history

of thromboembolism. However, aPL-positive women with LDA/H (group C) had earlier GW

at delivery and a smaller birth weight than aPL-negative women with LDA/H (group B). The

incidence of fetal growth restriction, pregnancy-induced hypertension, and preterm delivery in

group C was higher than that in group B. Women with RPL, PS deficiency, and a positive test

for aPL had a high risk of complications in pregnancy, even when they received LDA/H

therapy. Careful managements are necessary during pregnancies of these women.

However, the present study enrolled a relatively small number of subjects and

included several limitations. Genetic analyses were not performed in all of the women with

PS deficiency; and PS deficiency was diagnosed from plasma levels early in pregnancy. The

selection of RPL women receiving LDA or LDA/H therapy was not randomized. Instead of

low-molecular-weight heparins, unfractionated heparin was administered to patients because

only the latter is covered by Japanese health insurance. Half of the women in group C had

systemic lupus erythematosus of which disease activity might affect the outcome of

pregnancy. Further studies are necessary to confirm the conclusions of the present study.

Acknowledgements



10

This work was supported in part by a Grant-in-Aid from the Japan Society for the

Promotion of Science (No. 26462489) and the Ministry of Health, Labour and Welfare of

Japan (No. H25-Jisedai-Ippan-005).

Declaration of Interest Statement

The authors declare no conflicts of interest.



11

References

l.

Salafia CM, Minior VK, Pezzullo JC, Popek EJ, Rosenkrantz TS, Vintzileos AM.

Intrauterine growth restriction in infants of less than thirty-two weeks' gestation:

associated placental pathologic features. Am J Obstet Gynecol 1995; 173:1049-1057.

Kupferminc MJ, Eldor A, Steinman N, Many A, Bar-Am A, Jaffa A, Fait G, Lessing JB.

Increased frequency of genetic thrombophilia in women with complications of pregnancy.

N Engl J Med 1999; 340:9-13.

Paidas MJ, Ku DH, Lee MJ, Manish S, Thurston A, Lockwood CJ, Arkel YS. Protein Z,

protein S levels are lower in patients with thrombophilia and subsequent pregnancy

complications. J] Thromb Haemost 2005; 3:497-501.

Hojo S, Tsukimori K, Kinukawa N, Hattori S, Kang D, Hamasaki N, Wake N. Decreased

maternal protein s activity is associated with fetal growth restriction. Thromb Res 2008;

123:55-59.

Ebina Y, Ieko M, Naito S, Kobashi G, Deguchi M, Minakami H, Atsumi T, Yamada H.

Low levels of plasma protein S, protein C and coagulation factor XII during early

pregnancy and adverse pregnancy outcome. Thromb Haemost 2015; 114:65-69.

Comp PC, Thurnau GR, Welsh J, Esmon CT. Functional and immunologic protein S

levels are decreased during pregnancy. Blood 1986; 68:881-885.

De Jong PG, Kaandorp S, Di Nisio M, Goddijn M, Middeldorp S. Aspirin and/or heparin



10.

11.

12.

13.

12

for women with unexplained recurrent miscarriage with or without inherited

thrombophilia. Cochrane Database Syst Rev 2014; 7:Cd004734.

De Jong PG, Goddijn M, Middeldorp S. Antithrombotic therapy for pregnancy loss. Hum

Reprod Update 2013; 19:656-673.

Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, Derksen RH, PG

DEG, Koike T, Meroni PL, Rober G, Shoenfeld Y, Tincani A, Vlachoyiannopoulos PG,

Krilis SA. International consensus statement on an update of the classification criteria for

definite antiphospholipid syndrome (APS). J Thromb Haemost 2006; 4:295-306.

Gregg JP, Yamane AJ, Grody WW. Prevalence of the factor V-leiden mutation in four

distinct American ethnic populations. Am J Med Genet 1997; 73:334-336.

Miyata T, Kimura R, Kokubo Y, Sakata T. Genetic risk factors for deep vein thrombosis

among Japanese: Importance of protein S KI196E mutation. Int J Hematol 2006;

83:217-223.

Rosendaal FR, Reitsma PH. Genetics of venous thrombosis. J Thromb Haemost 2009;

7:301-304.

Kimura R, Honda S, Kawasaki T, Tsuji H, Madoiwa S, Sakata Y, Kojima T, Murata M,

Nishigami K, Chiku M, Hayashi T, Kokubo Y, Okayama A, Yomoike H, Ikeda Y, Miyata

T. Protein S-K196E mutation as a genetic risk factor for deep vein thrombosis in

Japanese patients. Blood 2006; 107:1737-1738.



14.

15.

16.

17.

18.

13

Dykes AC, Walker ID, Mcmahon AD, Islam SI, Tait RC. A study of protein s antigen

levels in 3788 healthy volunteers: Influence of age, sex and hormone use, and estimate

for prevalence of deficiency state. Br J Haematol 2001; 113:636-641.

Rey E, Kahn SR, David M, Shrier I. Thrombophilic disorders and fetal loss: a

meta-analysis. Lancet 2003; 361:901-908.

Kujovich JL. Thrombophilia and pregnancy complications. Am J Obstet Gynecol 2004;

191:412-424.

Gris JC, Mercier E, Quere I, Lavigne-Lissalde G, Cochery-Nouvellon E, Hoffet M

Ripart-Neveu S, Tailland ML, Dauzat M, Mares P. Low-molecular-weight heparin versus

low-dose aspirin in women with one fetal loss and a constitutional thrombophilic

disorder. Blood 2004; 103:3695-3699.

Khalafallah AA, Ibraheem, AR, Teo QY, Albarzan AM, Parameswaran R, Hooper E,

Pavlov T, Dennis AE, Hannan T. Review of management and outcomes in women with

thrombophilia risk during pregnancy at a single institution. ISRN obstetrics and

gynecology 2014;2014:381826.



Table 1. Clinical characteristics of 38 women with recurrent pregnancy loss and protein

S deficiency
Group A Group B Group C
P value
n=8 n=22 n=8

Age (years old) 37.5 (29-40) 36 (26-42) 32 (29-40) N.S.
Body weight at delivery (kg) 57 (48-84) 58 (51-68) 63 (57-70) <0.05 ¢
Body mass index at delivery (kg/m?) 22.9(19.6-35.0) 22.9(19.7-26.1)  23.1(21.7-27.0) N.S.
Number of previous gestation 3(2-4) 3(2-12) 3(2-5) N.S.
Number of previous live-birth 0(0-1) 0(0-1)®° 05(0-2) ¢ <0.05 ¢
Number of previous pregnancy loss before 22 weeks 2 (0-3) 2 (2-12) 2 (2-5) N.S.
Number of previous pregnancy loss at or beyond 22 weeks 0 (0-2) 0 (0-1) 0(0-1) N.S.
Primary recurrent pregnancy loss (%) 62,52 90.9° 50°¢ <0.05*" <0.01°¢
Gestational weeks at blood sampling 7 (5-11) 10 (5-12) 8 (4-14) N.S.
Plasma level of free protein S antigen (%) 41.5 (35-57) 47 (27-59) 51.5 (37-59) N.S.

Data are expressed as the median (range) or percentage. N.S., not significant.



Table Il. The pregnancy outcome and complications

Group A Group B Group C
P value
n=8 n=22 n=8
Gestational week at delivery 40 (34-41)* 38.5 (34-41)° 32 (26-40)° <0.05°¢ <0.052%

Birth weight (g)

Pregnancy complications (%)
Fetal growth restriction
Pregnancy induced hypertension

Preterm delivery

2,916 (2,250-3,314)®

25

2,855 (1,716-3,890) °

45°
Ob

45°

1,794 (750-3,384)°

375°
375°

62.5°

<0.05°¢ 0.0612¢

<0.05 ¢
<0.01°¢

<0.01°¢

Data are expressed as the median (range) or percentage.
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