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Objective 
To investigate the relationship between the number and sequence of preceding 
miscarriages and antiphospholipid syndrome (APS). 
Design 
Retrospective cohort study. 
Setting 
Recurrent miscarriage (RM) clinic. 
Patient(s) 
Women who attended the RM clinic from 1988 to 2006. 
Intervention(s) 
None. 
Main Outcome Measure(s) 
Number, type, and sequence of previous pregnancies were compared between 
women with APS and women with unexplained RM. 
Result(s) 
A total of 1,719 patients were included; 312 (18%) had APS, and 1,407 (82%) 
had unexplained RM. The mean maternal age (32.6 years) did not differ 
between women with and without APS. The median number of miscarriages 
was three in both groups. A total of 865 women (50%) had a history of at least 
one live birth, with no difference between the two groups. In both groups, 97% 
of the women had a history of consecutive miscarriages. 
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Conclusion(s) 
The number of preceding miscarriage, type and sequence of previous 
pregnancies, and maternal age were not associated with APS in women with 
RM. There is no increased diagnostic yield for APS after three miscarriages 
rather than after two miscarriages and no increased diagnostic yield for APS 
after consecutive miscarriages rather than after nonconsecutive miscarriages. 
Therefore, APS testing should be considered for all women with two or more 
miscarriages. 

Of all couples trying to conceive, 2%–4% are confronted with recurrent miscarriage 
(RM) 1 and 2. RM is characterized by a heterogeneous population, and in more than 
50% of the couples with RM the cause of their miscarriages remains unexplained 2, 3 
and 4. Risk factors for RM include maternal age, parental structural chromosomal 
abnormality, anatomic and hormonal abnormalities, and thrombophilia 5, 6, 7 and 8. 
It is known that too many diagnostic tests are performed in couples with RM, and 
there is a lively debate whether diagnostic tests should be performed in all women 
with RM or if a more efficient approach to test only in subgroups at high risk for an 
underlying abnormality should be applied (7). 
Antiphospholipid syndrome (APS) is an acquired thrombophilia and an established 
cause of RM 9, 10, 11 and 12. It is internationally defined as the presence of 
thrombosis, pregnancy loss, or maternal morbidity and persistent circulating 
antiphospholipid antibodies (APLAs) in plasma 13 and 14. The incidence of APS in 
women with RM is reported to be ∼15% (15). The overall prognosis of a successful 
pregnancy in women with RM and APLAs is good, and is possibly improved when 
treated with heparin and aspirin 10, 16 and 17. It is recommended that testing for 
lupus anticoagulants and anticardiolipin antibodies should occur in women with a 
history of two to three or more early pregnancy losses before 10 weeks, or one or 
more unexplained deaths at ≥10 weeks of a morphologically normal fetus 8, 18, 19 
and 20. RM is internationally defined as two to three or more miscarriages, 
sometimes defined to be consecutive. 
Many articles focus on therapeutic options for patients with APS and RM, and 
relatively little effort has been put into improving the diagnostic accuracy in APS and 
RM (21). Jaslow et al. (22) showed that women with two consecutive miscarriages 
are at the same risk for APS as women with three or more consecutive miscarriages. 
At present, it is unknown whether the diagnostic yield of testing for APS can be 
increased by clinical determinants derived from the extensive obstetric history. 
Current debates about starting diagnostics after two or three miscarriages or taking 
into account maternal age have not been resolved for APS. 
The aim of the present study was to investigate the relationship between 
characteristics of preceding miscarriages and maternal age in couples with RM and a 
diagnosis of APS to define a risk profile to determine the efficacy of testing for APS. 

MATERIALS AND METHODS 
A cohort study was performed including all women with two or more miscarriages 
who attended the RM clinic of Liverpool Women's Hospital, Liverpool, U.K., from 
1988 to 2006. All women were prospectively included in the database from 1988. 
The present study was defined retrospectively, and analyses were performed 
retrospectively. Miscarriage was defined as a pregnancy loss at <24 weeks of 
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gestation. Miscarriage was preferably clinically proven by an early ultrasound, but at 
least with a positive pregnancy test (National Guideline Clearinghouse). All data 
entries were verified by a second independent local investigator to ensure accuracy 
of data entry in the database. Data were collected prospectively for research 
purposes. Our research question was developed afterwards, so the design is 
considered to be a retrospective cohort study. An extra random data validity check, 
i.e., a random selection of medical files, was checked for consistency with the 
database when the present study was performed in 2010 by two external researchers 
(E.v.d.B. and D.C.). Data on preceding pregnancies were collected: number of 
previous pregnancies, type of pregnancy, and the sequence. Miscarriages were 
considered to be consecutive when not interspersed with a successful pregnancy. 
All patients underwent a systematic diagnostic work-up including testing for APS, 
screening for thrombophilia (APLAs and acquired activated protein C resistance), 
chromosome abnormalities (in both partners), thyroid dysfunction, diabetes mellitus, 
bacterial vaginosis, and uterine abnormalities. Exclusion criteria were established 
causes for RM other than APS: a parental chromosomal abnormality, major 
(congenital) uterine abnormalities, endocrine disorders at the time of previous 
miscarriages (including diabetes mellitus and thyroid dysfunction), pregnancy losses 
due to documented fetal malformation or autoimmune disorders (e.g., systemic lupus 
erythematosus and thrombophilia). Patients with an incomplete dataset or missing 
test results were also excluded. 
The diagnostic criteria for APLAs have been applied in previously reported studies 
from the same center 9, 17, 23, 24, 25 and 26. Lupus anticoagulant was confirmed by 
the dilute Russell's viper venom time (DRVVT) with a neutralization procedure 
using frozen thawed platelets. The upper limit of the normal range for anticardiolipin 
antibodies and DRVVT was determined from the log-transformed mean plus 2 
standard deviations of results in 50 healthy nonpregnant adults. Women were 
qualified as anticardiolipin antibody positive if they met the following criteria: IgM 
anticardiolipin antibodies ≥ 6 U/mL, IgG anticardiolipin antibodies ≥11 U/mL, 
and/or DRVVT ≥1.10 with a neutralization procedure using frozen-thawed platelets. 
All of the samples were analyzed in the same laboratory according to a standardized 
protocol. APLAs were considered to be present if a test was positive on two 
occasions ≥6 weeks apart. Those women were diagnosed as APS positive. 
Characteristics of women with proven APS according to the Sapporo criteria were 
compared with women with unexplained RM 13 and 14. The main outcome measure 
was the presence of APLAs. Independent variables were maternal age at the time of 
presentation, number of preceding miscarriages, first-trimester and second-trimester 
miscarriages, the presence and number of preceding live births at >24 weeks 
gestational age, and the sequence (consecutive vs. nonconsecutive) of miscarriages. 
The study was approved by the Institutional Review Board of the Liverpool 
Women's Hospital. 

STATISTICAL ANALYSIS 
Univariable and multivariable binary logistic regression analyses were performed to 
calculate differences between the two groups, women with RM and APS and women 
with unexplained RM. Subgroup analyses were performed on patients with at least 
three preceding consecutive and nonconsecutive miscarriages. We used SPSS 
software (version 16.0) to perform the analyses. 
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RESULTS 
During the study period, 2,055 couples were analyzed for RM. After applying the 
exclusion criteria, 336 were excluded from further analyses: 69 patients did not meet 
the criteria for RM, and in 267 patients one or more other causes for their RM were 
found. Among the excluded patients were 78 patients with APS combined with 
another risk factor established for RM. Those patients were excluded to avoid 
confounders in our analysis. Inherited thrombophilia was diagnosed in 30 patients. 
Of those, three patients (10%) were also positive for antiphospholipid antibodies. 
The presence of inherited thrombophilia proved to not to be associated with APS 
compared with unexplained RM (odds ratio [OR] 0.87, 95% confidence interval [CI] 
0.87–10). 
Data from 1,719 patients fulfilled the inclusion criteria for analysis (Fig. 1). Of those 
patients, 312 (18%) had APS and 1,407 (82%) had unexplained RM. The mean 
maternal age at the time of presentation was 32.6 years (SD 5.8). The median number 
of preceding miscarriages was three (range 2–14); 527 patients (31%) had a history 
of two miscarriages, and 1,192 (69%) had experienced three or more miscarriages. 
Of the included patients, 1,363 (79%) experienced only first-trimester miscarriages, 
51 (3%) only second-trimester miscarriages, and 305 (18%) both. Before their first 
visit, one-half of the patients, 865 (50%), had at least one live birth after 24 weeks of 
gestation. The mean number of preceding live births was 0.71 (SD 0.91). 

[FIGURE 1] 
Differences between patients with APLAs and patients with unexplained RM are 
presented in Table 1. Maternal age at the time of presentation (OR 1.00, 95% CI 
0.98–1.02) and the obstetric history did not differ between the two groups. The 
number of preceding miscarriages and live births was equally distributed among 
patients with APS and with unexplained RM (OR 1.02, 95% CI 0.94–1.10; and OR 
1.06, 95% CI 0.92–1.21; respectively). 

[TABLE 1]  
The sequence of preceding pregnancies was known in 1,526 patients (89%): 265 
APS-positive patients and 1,261 patients with unexplained RM. The majority of 
patients had experienced consecutive miscarriages (97% and 98%, respectively). 
This was not different between patients with and without APS (OR 0.73, 95% CI 
0.33–1.62; Table 1). In those patients with a history of at least three miscarriages (n 
= 1,192), the sequence of preceding pregnancies was recorded in 918 (77%). The 
prevalence of consecutive miscarriages was similar in patients with three 
miscarriages and APS to that in patients with three or more unexplained miscarriages 
(OR 0.84, 95% CI 0.50–1.44; Table 2). The prevalence of APS in the group of 
women to 2 or more miscarriages was 17.4% (265/1,526). The prevalence of APS in 
the group of women with three or more miscarriages was 17.3% (159/918). The 
incidence of APS did not differ among ages. Multivariable logistic regression 
analyses, including all independent variable on maternal and obstetric history, 
showed no significant differences between women with and without APS for any of 
the variables. 

[TABLE 2]  
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DISCUSSION 
In this large cohort study we showed that patients with RM and APS did not differ 
for clinical obstetric parameters compared with patients with unexplained RM. 
Maternal age at the time of presentation and number, type, and sequence of 
preceding pregnancies were not found to be independent variables for the presence of 
APLAs in patients with RM. 
Identification of patients with APS is important, because several studies have 
suggested the benefit of anticoagulant treatment in patients with RM and APS. 
Future live birth rates can possibly be increased from 40% to 70% when treatment 
during the next pregnancy is initiated 9, 11, 12, 17, 18, 27, 28 and 29. Because the 
results of published trials so far are conflicting, further research on the therapeutic 
pathway for patients with RM and APS is still urgently needed. 
When studying RM and APS, the first hurdle is the correct definition of these clinical 
conditions. International definitions of recurrent miscarriage vary in their number 
(two vs. three or more) of miscarriages and in the outcome and sequence 
(consecutive vs. nonconsecutive) of preceding pregnancies 8, 19, 30 and 31. 
Regarding the number of preceding miscarriages necessary to meet the criteria of 
RM, this has previously been addressed in studies regarding carrier status of 
chromosomal abnormalities in these couples (7). The number of preceding 
miscarriages proved to be an independent risk factor for a parental chromosome 
abnormality: The chance of a parental chromosome abnormality was higher after 
three miscarriages compared with two miscarriages. Our results indicate that the 
number of miscarriages (two vs. three) is not an independent risk factor for APS. 
One-third of the included patients had a history of two miscarriages, and their risk for 
APS was similar to those patients with a history of three or more miscarriages. 
Jaslow et al. (22) also confirmed that the incidence of abnormal results for evidence-
based and investigative diagnostic tests did not differ among women with different 
numbers of pregnancy losses. Our results for APS are in line with that study: Couples 
with two miscarriages as well as three or more miscarriages have an increased risk 
for underlying pathology. Another study also reported that prior pregnancy loss and 
maternal age did not predict for APS (32). 
The sequence of preceding pregnancies, i.e., whether the miscarriages were 
consecutive or nonconsecutive, is a more uncultivated field of research. This aspect 
of the definition of RM in guidelines seems to be more instinctively driven than 
evidence based. This topic has previously been studied in relation to chromosomal 
abnormalities, where no effect of sequence could be found (20). In our patients, the 
sequence of preceding pregnancies was also not associated with the risk of having 
APS. We would therefore recommend offering testing for APLAs to patients with 
nonconsecutive miscarriages, to allow further examination of the relevance of 
sequence in underlying pathology. The type of pregnancy loss history, e.g., loss of 
fetal heart activity, is often described to be associated with APS. Older publications 
showed prolonged pregnancy duration and later loss of fetal heart activity in APS 
compared with non-APS patients (33). Although the presence or absence of a fetal 
heart beat was not documented in our database, there was no difference in first- or 
second-trimester losses between APS and non-APS patients. 
The strength of the present study is the large number of women with RM and APS, 
which provided us with the ability to investigate many aspects of the obstetric history 
and to perform subgroup analyses on women with two or three or more miscarriages. 
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The latter is important because of the ongoing debate on the international definition 
of RM. The evidence from this cohort study (level IIb) can be included in criteria 
which have been consensus based (14). With these data at hand, the criteria for APS 
screening could be changed into “two or more (not necessarily consecutive) first-
trimester miscarriages.” All measurements were performed in the same laboratory; 
thus it is a homogeneous cohort despite the long time span of data collection. 
Some limitations should be considered when interpreting the results of this study. 
First, the cut-off point for positive anticardiolipin antibodies is lower than stated in 
the most updated criteria 14 and 34. Patients from this cohort were screened 
according to the Sapporo criteria (13). Nevertheless, therapeutic success, i.e., higher 
live birth rates, has been reported in even lower cut-off values (2). Further trials 
should define subgroup analyses on patients with high antibody levels to be able to 
refine the definition of APS in RM. The more recent anti–β2-glycoprotein antibodies 
could not be included, because no measurement was performed in our patients. These 
antibodies are not yet incorporated in RM diagnostic work-up, because their 
relationship to RM is so far not clear but might be an additional important factor in 
future research on this topic. The long study period makes the set of data prone to 
incompleteness, which limits the analysis owing to missing data, but we were still 
able to collect a large cohort. Data were collected prospectively, all data entries were 
double-checked, and a random validity check was performed before analysis. We 
therefore considered the quality of the data to be ensured and the results widely 
applicable. 
An individualized risk estimation for APS in couples with RM and other preceding 
adverse pregnancy outcomes, such as prematurity, small for gestational age, 
preeclampsia, and placental insufficiency, could be of additional value (32). These 
data were, however, not available in the database. 
In conclusion, neither the number of miscarriages and the sequence of pregnancies 
nor maternal age differed with the presence of APS in couples with RM. Therefore, 
these clinical parameters prove that it is justifiable to offer testing for APS to all 
patients with a history of two or more, consecutive or nonconsecutive, miscarriages. 
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TABLES AND FIGURES 

[TABLE 1]  

Characteristics of obstetric history in women with antiphospholipid syndrome 
(APS) and unexplained recurrent miscarriage (RM). 

Independent variable Women with 
APS (n = 301) 

Women with 
unexplained RM (n = 

1,407) 

Odds ratio 
(95% CI)a 

Maternal age (y) at 
time of presentation 32.5 (5.3) 32.6 (5.9) 1.00 (0.98–

1.02) 
No. of preceding 
miscarriages 3.3 (1.6) 3.3 (1.6) 1.02 (0.94–

1.10) 
No. of first-trimester 
pregnancy losses 2.98 (1.7) 3.0 (1.6) 1.02 (0.94–

1.10) 
No. of second-
trimester losses 0.29 (0.6) 0.29 (0.7) 1.01 (0.84–

1.22) 
No. of preceding live 
births 0.68 (0.9) 0.72 (0.9) 1.06 (0.92–

1.21) 
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Independent variable Women with 
APS (n = 301) 

Women with 
unexplained RM (n = 

1,407) 

Odds ratio 
(95% CI)a 

≥1 preceding live birth 
(>24 wk), n (%) 167 (53.5) 698 (49.6) 1.17 (0.91–

1.50) 

Note: Values are mean (SD) unless ontherwise indicated. 

a 
Univariable logistic regression analysis. 
 
 

[TABLE 2]  

Sequence of preceding miscarriages in women with antiphospholipid 
syndrome (APS) and unexplained recurrent miscarriage (RM). 

Sequence of pregnancies Women with 
APS, n (%) 

Women with 
unexplained RM, n 

(%) 

Odds ratio 
(95% CI)a 

Women with history of ≥2 
consecutive miscarriages (n 
= 1,526) 

257/265 (97) 1,233/1,261 (98) 0.73 (0.33–
1.62) 

Women with history of ≥3 
consecutive miscarriages (n 
= 918) 

140/159 (88) 681/759 (90) 0.84 (0.50–
1.44) 

a 
Univariable logistic regression analysis. 
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