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Abstract

Annexin A5 is an anticoagulant protein, abundantly present on placental 

villi. Four common haplotypes (h1-h4) in the anxa5 gene have been de-

scribed. The haplotype h3 is associated with recurrent miscarriage in mul-

tiple studies, potentially via reduced Annexin A5 protein levels. However, 

various studies show inconsistent results.

In the present study we investigated the association of the anxa5 haplo-

types h1-h4 with recurrent miscarriage in Dutch women in a case control 

study. Next, in a post-hoc analysis of the alife study, we assessed whether 

carriers of these haplotypes benefit from antithrombotic therapy in a sub-

sequent pregnancy.

dna samples of 233 women with recurrent miscarriage, who participated 

in the alife study and of 1819 population controls were included. Four snps 

(rs62319820, rs113588187, rs1050606 and rs1131239) were used to construct 

the four haplotypes. The associations with recurrent miscarriage and live 

birth during were analyzed using logistic regression models.

Haplotypes h2-h4 were not associated with recurrent miscarriage if com-

pared to haplotype h1 (or 1.01, 95% ci 0.81 – 1.26 for h2, or 1.14, 95% ci 0.83 

– 1.56 for h3 and or 1.17, 95% ci 0.82 – 1.68 for h4) . Carriers of haplotypes h2 

and h4 appeared to have an increased chance of live birth during the alife 

study, when adjusted for prognostic variables (or 1.79, 95% ci 1.11 – 2.87 

and or 1.55, 95% ci 0.78 – 3.09 respectively). Women who were homozygous 

for the h1 haplotype appeared to benefit from treatment with lmwh plus 

asa, whereas h1h2, h1h3 and h1h4 carriers did not.

In conclusion, anxa5 haplotypes are not associated with recurrent miscar-

riage in the Dutch population. Whether women with certain anxa5 hap-

lotypes may benefit from antithrombotic treatment requires confirmation 

in other cohorts.

Introduction

Annexin A5 is a protein with anticoagulant properties. It binds to negative-

ly charged phospholipids, where it forms a crystallized shield, thus block-

ing the surface from phospholipid-dependent coagulation.1 Annexin A5 is 

abundantly present on vascular endothelial cells2 as well as on the apical 

membrane of trophoblast cells in the placenta.3 Disruption of this Annex-

in A5 shield by antiphospholipid antibodies exposes these thrombogenic 
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weeks’ gestation in the absence of abnormal parental karyotype, lupus an-

ticoagulant or anti-cardiolipin igg and igm antibodies, uterine anomalies 

and an abnormal fasting level of homocysteine. Controls were individuals 

who had been included in the Nijmegen Biomedical Study (nbs), of which 

details were reported previously.21 Briefly, the nbs is a population-based 

survey conducted by the Department for Health Evidence and the Depart-

ment of Laboratory Medicine of the Radboud university medical center. 

21,756 age- and sex-stratified randomly selected inhabitants of the mu-

nicipality of Nijmegen in the eastern part of the Netherlands, received an 

invitation to fill out a postal questionnaire on lifestyle and medical history, 

and to donate blood samples. The response to the questionnaire was 43% 

(n = 9350). 69% (n = 6468) of the responders donated blood samples. In 2007, 

1980 samples were used as controls for genome-wide association studies 

for prostate and breast cancer, of which 1819 passed genome-wide quality 

control criteria. These were used for the present case control study.22

Written informed consent was obtained from all alife and nbs partici-

pants. Ethical approval was obtained for the alife study, the nbs study and 

the present study.

Genetic analysis

Genomic dna was isolated from peripheral blood cells. In samples of alife 

participants TaqMan primers with fam or vic as fluorophores (Applied Bio-

systems, usa) were used for genotyping.

For controls, genotype data (Illumina HumanHapcnv370-Duo BeadChip) 

were available for those 1980 nbs participants that were selected to serve 

as controls in gwas.22 A total of 1819 samples passed quality control [sam-

ple yield ≥96% (after exclusion of intensity-only markers (n = 23,573)), Cau-

casian ancestry ≥90% (based on Structure analysis), snp yield ≥96%]. Ge-

nome-wide snp data were available for these 1819 nbs participants. snp 

quality control [minor allele frequency (maf) ≥1%, and Hardy-Weinberg 

equilibrium (hwe) p-value >10-6] resulted in availability of 323,414 snps. 

Density was increased by imputation, which was performed with 1000ge-

nomes phase1 integrated version 3 as a reference sample using impute v2 

software.

In the anxa5 promoter region four common haplotypes (h1, h2, h3 and h4) 

are present.17-19 We used four snps (rs62319820, rs113588187, rs1050606 and 

rs1131239, figure i) to construct these four haplotypes based on previously 

published linkage disequilibrium patterns.17-19

phospholipids, and thereby induces hypercoagulability.1/4/5 This concept is 

supported by the fact that Annexin A5 on placental villi is reduced in wom-

en with a history of pregnancy loss and antiphospholipid antibodies.6

Women with a history of recurrent miscarriage without antiphospholipid 

antibodies also have lower plasma levels of Annexin A5 compared to con-

trols.7 Genetic variants in the anxa5 gene that presumably lead to lower 

levels of Annexin A5 have been proposed as a risk factor for recurrent mis-

carriage.8 Several studies have shown a higher prevalence of a haplotype 

consisting of 4 single nucleotide polymorphisms (snps) in the anxa5 pro-

moter region (m2 haplotype) in women with recurrent miscarriage com-

pared to controls.8-13 Other studies, however, found no difference.14-16

Recently four common haplotypes (h1-h4) in the anxa5 promoter were de-

fined, which are extensions of the m classification in the previously men-

tioned studies.17-19 In the present study we investigated the association of 

the anxa5 haplotypes h1-h4 with recurrent miscarriage in Dutch women. 

Next, we assessed whether carriers of these haplotypes benefit from an-

tithrombotic therapy in a subsequent pregnancy.

Methods

Study design

To evaluate whether anxa5 haplotypes are associated with recurrent mis-

carriage, we performed a case control study, in which we compared the 

prevalence of the various haplotypes in women with recurrent miscarriage 

and in a Dutch control population. To assess whether these haplotypes af-

fect the chance of a subsequent live birth or the efficacy of antithrombotic 

therapy we performed a post-hoc exploratory analysis of the alife trial.20 

The alife study was a randomized controlled trial that investigated the 

effect of either low-molecular-weight heparin (lmwh) plus acetylsalicylic 

acid (asa), asa alone or placebo on live birth.

Study population

For the case control study we compared women with recurrent miscarriage 

who had participated in the alife study (isrctn 58496168)20 to population 

controls. The main inclusion criterium for the alife study was unexplained 

recurrent miscarriage, defined as two or more miscarriages prior to 20 
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dominant model), or a specific combination of haplotypes. The effect of 

intervention was evaluated with logistic regression modelling. Differences 

in live birth rates between interventions were expressed as or with 95% 

cis for lmwh plus asa and asa alone, with the placebo group as reference.

Statistical analyses were performed using the R statistical package version 

3.1.1 (r Foundation for Statistical Computing, Vienna, Austria). Two-sided 

probability values of <0.05 were considered statistically significant.

Results

dna samples of 235 of 364 (65%) alife study participants were available. 

In two cases, pcr was unsuccessful for all four snps. Of the remaining 233 

women, 32 did not become pregnant during the trial. Characteristics of the 

233 alife participants with pcr results are summarized in table i.

table i - Characteristics of the study population – women with recurrent miscarriage.

a: bmi data were available for 77 (lmwh plus asa), 71 (asa alone) and 76 (placebo) women. b: A full

inherited thrombophilia screen was available for 70 (lmwh plus asa), 68 (asa alone) and 66 (pla-

cebo) women. c: 4 women were included early in the alife study because of 1 miscarriage <20 

weeks’ gestation and 1 intra-uterine foetal death. Thereafter, the study protocol was amended, 

limiting the inclusion criteria to 2 miscarriages before 20 weeks’ gestation.

figure i - Haplotype snps and haplotypes.

Statistical analyses

Haplotype frequencies and association with recurrent miscarriage (in the 

case control study) or live birth (in the post-hoc analyses of the alife study) 

were estimated using the ‘haplo.stats’ package.23 Risk alleles were defined 

as alleles different from those that constitute the most common haplo-

type. Hardy-Weinberg equilibrium for each snp was tested using the c2 test.

In the case control study, the association between snps and haplotypes 

and recurrent miscarriage was analyzed using logistic regression models. 

For the haplotypes, we assumed an additive effect. Individual snp analyses 

were corrected for the number of independent tests, with a Bonferroni cor-

rected p-value of 0.05/4, based on 4 snps. The effect on recurrent miscar-

riage was expressed using odds ratios (ors) with 95% confidence intervals 

(ci) relative to the reference category (i.e. the most common haplotype, h1).

In the post-hoc analyses of the alife study, the association between haplo-

types and live birth was analyzed using logistic regression models. Multi-

variable models were used to evaluate the interaction between haplotypes 

and trial intervention, corrected for the number of previous miscarriages 

(two versus three or more), previous live birth (yes versus no), age (<36 

versus ≥36 years), inherited thrombophilia (yes versus no), intervention 

(lmwh plus asa, or asa alone versus placebo). The fit of models with and 

without the haplotype × trial intervention interaction were compared us-

ing a likelihood ratio test statistic (lrts). Finally, subgroups were made of 

individuals carrying at least one h1, h2, h3 or h4 haplotype (analyzed in a 
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table ii - anxa5 promoter region haplotypes and association with recurrent miscarriage.

Bold alleles indicate risk alleles, haplotypes are compared to haplotype h1; nbs, Nijmegen Bio-

medical Study, or, odds ratio; ci, confidence interval.

anxa5 haplotypes and snps and chance of live birth

Results of exploratory subgroup analyses for intervention are summarized 

in table iii. A trend towards a beneficial effect in h3 haplotype carriers was 

observed for both lmwh plus asa and asa alone (or 2.16, 95% ci 0.51 – 9.25 

and or 2.03 95% ci 0.44 – 9.32 respectively) when analyzed in a dominant 

model (table iii-a). These results did not materially change when only 

women who became pregnant were considered (or 2.59, 95% ci 0.49 – 13.69 

and or 1.52 95% ci 0.31 – 7.49 respectively). This benefit was not evident in 

women carrying combinations of h1 and h3 alleles (h1h3, or 0.85, 95% ci 

1.10 – 7.49, table iii-b). Other h3 subgroups (h2h3, h3h3 or h3h4) were too 

small to differentiate between effects of antithrombotic therapy for haplo-

type allele combinations (table iii-b).

Women carrying the homozygous h1h1 combination (table iii-b) ap-

peared to benefit from lmwh plus asa. In carriers of at least one h1 

copy we observed a trend towards a beneficial effect of treatment with 

lmwh plus asa (or 1.55 95% ci 0.71 – 3.40 in all women (table iii-a) 

and or 2.31, 95% ci 0.94 – 5.66 in women who became pregnant). We ob-

served no interaction between haplotypes and intervention (p lrts = 0.22).

anxa5 haplotypes and snps and association
with recurrent miscarriage

Genotyping success rates for the four snps were 98% (rs62319820), 99% 

(rs113588187), 99% (snp rs1050606) and 99% (rs1131239) in women with re-

current miscarriage. All snps were in Hardy-Weinberg equilibrium in nbs 

controls (table si). Haplotype analysis revealed that only the previously 

described four common haplotypes (h1-h4) were present with a frequency 

>1% (table ii).

The frequencies of the haplotypes were similar amongst women with re-

current miscarriage and controls, as shown in table ii. The h3 haplotype, 

which is an elongation of the m2 haplotype, was not associated with recur-

rent miscarriage (or 1.14, 95% ci 0.83 – 1.56).

Results of the individual snp analyses are summarized in table si. Women 

who were homozygous tt for snp1 (g.-390 c>t) had an increased probabil-

ity of recurrent miscarriage (or 4.45 95% ci 1.48 – 13.41).

table si - anxa5 promoter polymorphisms, allele frequencies and association with recur-

rent miscarriage.

Genotypes were available for all nbs controls and for 230 (snp1) and 232 (snp5, snp6 and snp7)

cases. All snps were in Hardy-Weinberg equilibrium for nbs controls. *p = 0.008 compared to cc 

alleles. p = 0.032 after Bonferroni correction for multiple testing. Reported 95% cis are crude, i.e. 

not corrected for multiple testing. snp, single nucleotide polymorphism, or, odds ratio; ci, confi-

dence interval. Bold and underlined alleles indicate risk alleles.
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Haplotype h2 was associated with a higher chance of live birth in the alife 

trial (or 1.79, 95% ci 1.11 – 2.87) compared to the reference haplotype (h1) 

when corrected for the number of previous miscarriages, previous live 

birth, age, presence of inherited thrombophilia and trial intervention. 

A similar effect was observed for haplotype h4, but this did not reach sta-

tistical significance (or 1.55 95% ci 0.78 – 3.09) (table sii). This did not ma-

terially differ when women who did not become pregnant during the trial 

were excluded (or 1.72 95% ci 1.01 – 2.90 and or 1.82, 95% ci 0.79 – 4.18 

respectively). None of the individual snps were associated with live birth 

during the alife study when analyzed individually (data not shown).

table sii - anxa5 haplotypes and the chance of live birth in women with recurrent mis-

carriage when treated with antithrombotic agents: data from post-hoc analyses in the alife 

study.

ⱡ corrected for: number of previous miscarriages (two versus three or more) previous live birth

(yes versus no), age (<36 versus ≥36 years), inherited thrombophilia (yes versus no) and trial 

intervention (lmwh plus asa or asa alone versus placebo).

table iii - Odds ratio for live birth in women with recurrent miscarriage stratified for in-

tervention and anxa5 haplotypes.

Analyses are corrected for: number of previous miscarriages (two versus three or more) previous

live birth (yes versus no), age (<36 versus ≥36 years), inherited thrombophilia (yes versus no). 

iii-a. Odds ratios for live birth are analyzed in a dominant model: efficacy of treatment for carri-

ers of at least one copy of the haplotype (h1, h2, h3 or h4) was analyzed. iii-b. Odds ratios for live 

birth per combination of haplotype alleles: efficacy of treatment for carriers of haplotype allele 

combinations was analyzed. or, odds ratio; 95% ci, 95% confidence interval; lmwh, low-molecu-

lar-weight heparin; asa, acetylsalicylic acid; n.a., not applicable (numbers too small).

anxa5 variants and recurrent miscarriageChapter 10

257256



The present study has some limitations. Although the large number of cas-

es and controls provided substantial power to investigate the association 

between haplotypes and recurrent miscarriage, the study was insufficient-

ly powered to evaluate the efficacy of intervention in alife per haplotype. 

dna data were only available from a subset of all women who participated 

in the alife study, but missingness was completely at random. As the alife 

study population was clearly defined according to inclusion criteria, the 

present study provides valuable data on women with recurrent miscar-

riage.

In conclusion, we did not observe an association between anxa5 haplo-

types with recurrent miscarriage. In our post-hoc analyses, women with 

the h3 haplotype, or two copies of the h1 haplotype, appeared to have 

an increased probability of live birth when treated with lmwh plus asa. 

These findings need to be confirmed to explore whether haplotypes can 

be used to identify women with recurrent miscarriage who benefit from 

antithrombotic therapy in a subsequent pregnancy.
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Discussion

In the present study, we did not observe an association between anxa5 hap-

lotypes and recurrent miscarriage. To our knowledge, nine previous stud-

ies reported on the association between anxa5 polymorphisms, located in 

the promoter region, and recurrent miscarriage.8-16 Eight of these studies 

evaluated the role of the m2 haplotype.8-14/16 The m2 haplotype consists of 

four snps (snp2 through snp5), which, as shown in previously described 

linkage disequilibrium patterns,18/19 constitute haplotype h3, together with 

snp1, snp6 and snp7 (figure i). Six studies reported an increased probability 

of recurrent miscarriage in m2 carriers, with ors ranging from 1.5 to 3.1.8-13 

The seventh and eighth study did not confirm an increased probability 

of recurrent miscarriage for m2 carriers.14/16 Lastly, the ninth study, which 

only investigated the role of snp5 (which is one of the four snps that make 

up the m2 haplotype and the snp indicative for h3) also showed no associa-

tion with recurrent miscarriage (or 0.84 95% ci 0.47 – 1.52).15 Results of the 

present study, indicating no increased probability of recurrent miscarriage 

in women carrying the h3 haplotype, are in line with these latter three 

studies.

How can these differences between study results be explained? Study pop-

ulations varied regarding inclusion criteria (mainly the number and tim-

ing of miscarriages and comorbidity), but also regarding geographical re-

gion, and therefore likely in ethnicity. Furthermore, four of the six studies 

that reported an association with the m2 haplotype used the same control 

group from the PopGen biobank in Kiel, Germany.

Although no association between anxa5 haplotypes and recurrent miscar-

riage was observed, haplotypes h2 and h4 appear to increase the probabil-

ity of live birth in a subsequent pregnancy, when compared to haplotype 

h1. A trend towards a beneficial effect of lmwh plus asa and asa alone in 

women carrying the h3 haplotype was observed. Furthermore, amongst 

h1 carriers, women with h1h1 haplotypes appear to benefit from lmwh 

plus asa, whereas women who carry one h1 copy and one copy of either 

h2,h3 or h4, do not seem to benefit from this treatment. It was anticipated 

that these subgroup analyses were underpowered, analyzed post-hoc, and 

therefore results should be interpreted with caution.

anxa5 variants and recurrent miscarriageChapter 10

259258



18. Hiddink L, Dallinga-Thie GM, Hovingh GK, de Visser MC, Peer PG, Stalenhoef AF et al. Annex- 

 in A5 haplotypes in familial hypercholesterolemia: Lack of association with carotid inti- 

 ma-media thickness and cardiovascular disease risk. Atherosclerosis 2014; 238(2):195-200. 

19. de Jong PG, Hiddink L, Meijers JC, Kiemeney LA, van Heerde WL, Middeldorp S. No associa- 

 tion between Annexin A5 genetic variants and deep venous thrombosis. Br J Haematol 2014. 

20. Kaandorp SP, Goddijn M, van der Post JA, Hutten BA, Verhoeve HR, Hamulyak K et al. As- 

 pirin plus heparin or aspirin alone in women with recurrent miscarriage. N Engl J Med 2010; 

 362(17):1586-1596.

21. Hoogendoorn EH, Hermus AR, de VF, Ross HA, Verbeek AL, Kiemeney LA et al. Thyroid func- 

 tion and prevalence of anti-thyroperoxidase antibodies in a population with borderline suf- 

 ficient iodine intake: influences of age and sex. Clin Chem 2006; 52(1):104-111.

22. Kiemeney LA, Thorlacius S, Sulem P, Geller F, Aben KK, Stacey SN et al. Sequence variant on 

 8q24 confers susceptibility to urinary bladder cancer. Nat Genet 2008; 40(11):1307-1312.

23. Haplo.stats: statistical analysis of Haplotypes with Traits and Covariates when Linkage 

 Phase is Ambiguous. R package version 1.6.8. http://CRAN.R-project.org/package = haplo. 

 stats: 2013.

1. Rand JH, Wu XX, Quinn AS, Chen PP, McCrae KR, Bovill EG et al. Human monoclonal an- 

 tiphospholipid antibodies disrupt the Annexin A5 anticoagulant crystal shield on phospho- 

 lipid bilayers: evidence from atomic force microscopy and functional assay. Am J Pathol 

 2003; 163(3):1193-1200.

2. Flaherty MJ, West S, Heimark RL, Fujikawa K, Tait JF. Placental anticoagulant protein-I: 

 measurement in extracellular fluids and cells of the hemostatic system. J Lab Clin Med 1990; 

 115(2):174-181.

3. Krikun G, Lockwood CJ, Wu XX, Zhou XD, Guller S, Calandri C et al. The expression of the 

 placental anticoagulant protein, Annexin V, by villous trophoblasts: immunolocalization and 

 in vitro regulation. Placenta 1994; 15(6):601-612.

4. Rand JH, Wu XX, Lapinski R, van Heerde WL, Reutelingsperger CP, Chen PP et al. Detection of 

 antibody-mediated reduction of Annexin A5 anticoagulant activity in plasmas of patients 

 with the antiphospholipid syndrome. Blood 2004; 104(9):2783-2790.

5. de Laat B, Wu XX, van Lummel M, Derksen RH, de Groot PG, Rand JH. Correlation between 

 antiphospholipid antibodies that recognize domain I of beta2-glycoprotein I and a reduction 

 in the anticoagulant activity of Annexin A5. Blood 2007; 109(4):1490-1494.

6. Rand JH, Wu XX, Guller S, Gil J, Guha A, Scher J et al. Reduction of Annexin-V (placental anti- 

 coagulant protein-I) on placental villi of women with antiphospholipid antibodies and re- 

 current spontaneous abortion. Am J Obstet Gynecol 1994; 171(6):1566-1572.

7. Rand JH, Arslan AA, Wu XX, Wein R, Mulholland J, Shah M et al. Reduction of circulating 

 Annexin A5 levels and resistance to Annexin A5 anticoagulant activity in women with recur- 

 rent spontaneous pregnancy losses. Am J Obstet Gynecol 2006; 194(1):182-188.

8. Bogdanova N, Horst J, Chlystun M, Croucher PJ, Nebel A, Bohring A et al. A common hap- 

 lotype of the Annexin A5 (ANXA5) gene promoter is associated with recurrent pregnancy 

 loss. Hum Mol Genet 2007; 16(5):573-578.

9. Rogenhofer N, Engels L, Bogdanova N, Tuttelmann F, Markoff A, Thaler C. Paternal and ma- 

 ternal carriage of the Annexin A5 M2 haplotype are equal risk factors for recurrent pregnan- 

 cy loss: a pilot study. Fertil Steril 2012; 98(2):383-388.

10. Rogenhofer N, Engels L, Bogdanova N, Tuttelmann F, Thaler CJ, Markoff A. Independent as- 

 sociation of the M2/ANXA5 haplotype with recurrent pregnancy loss (RPL) in PCOS patients. 

 Metabolism 2013.

11. Miyamura H, Nishizawa H, Ota S, Suzuki M, Inagaki A, Egusa H et al. Polymorphisms in the 

 Annexin A5 gene promoter in Japanese women with recurrent pregnancy loss. Mol Hum 

 Reprod 2011; 17(7):447-452.

12. Tiscia G, Colaizzo D, Chinni E, Pisanelli D, Scianname N, Favuzzi G et al. Haplotype M2 in the 

 Annexin A5 (ANXA5) gene and the occurrence of obstetric complications. Thromb Haemost 

 2009; 102(2):309-313.

13. Tuttelmann F, Ivanov P, Dietzel C, Sofroniou A, Tsvyatkovska TM, Komsa-Penkova RS et al. 

 Further insights into the role of the Annexin A5 M2 haplotype as recurrent pregnancy loss 

 factor, assessing timing of miscarriage and partner risk. Fertil Steril 2013; 100(5):1321-1325. 

14. Thean Hock T, Bogdanova N, Kai CA, Kathirgamanathan S, Bin AR, Mohd YN et al. M2/ANXA5 

 haplotype as a predisposition factor in Malay women and couples experiencing recurrent 

 spontaneous abortion: a pilot study. Reprod Biomed Online 2015.

15. Cao Y, Zhang Z, Xu J, Yuan W, Wang J, Huang X et al. The association of idiopathic recurrent 

 pregnancy loss with polymorphisms in hemostasis-related genes. Gene 2013; 530(2):248- 

 252.

16. Hayashi Y, Sasaki H, Suzuki S, Nishiyama T, Kitaori T, Mizutani E et al. Genotyping analyses 

 for polymorphisms of ANXA5 gene in patients with recurrent pregnancy loss. Fertil Steril 

 2013; 100(4):1018-1024.

17. Hiddink L, de Visser MC, van Heerde WL. Polymorphisms in the Annexin A5 gene influence 

 circulating Annexin A5 levels in healthy controls. Thromb Res 2012; 129(6):815-817.

References 10References 10

261260


