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Abstract 

 

Background 
Carrier status of a structural balanced chromosome abnormality is associated with 
recurrent miscarriage. There is, at present, no evidence of the impact of the sequence 
of preceding pregnancies on the probability of carrier status. The aim of our study was 

therefore to examine whether the history of consecutive versus non-consecutive 
miscarriages in couples with two or more miscarriages has any impact on the 
probability of carrying a chromosome abnormality.  
 

Methods 
A nested case–control study was performed in six centres for clinical genetics in the 
Netherlands. Couples referred for chromosome analysis after two or more 
miscarriages were included: 279 couples with a carrier of a structural chromosomal 
abnormality and 428 non-carrier couples who served as controls. Univariable and 
multivariable logistic regression analyses, corrected for known risk factors for carrier 
status, were performed. The main outcome measure was the probability of carrier 

status. 
 

Results 
Two hundred and fifty-six of 279 (92%) carrier couples and 381 of 428 (89%) non-
carrier couples had experienced consecutive miscarriages (P = 0.21). A history of two 
or three consecutive miscarriages did not alter the probability of carrier status when 
compared with two [odds ratio (OR) 0.90, 95% confidence interval (CI) 0.48–1.7] or 
three (OR 0.71, 95% CI 0.39–1.3) non-consecutive miscarriages. 
 

Conclusions 
The sequence of preceding pregnancies is not a risk factor for carrier status. Therefore, 
couples with miscarriages interspersed with healthy child(ren) should be managed the 
same as couples with consecutive miscarriages regarding chromosome diagnosis. 
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Introduction 

 
Good clinical practice starts with a clear definition of the clinical problem. Currently, no 

consensus exists on the definition of recurrent miscarriage (1,2). Several national and 
international guidelines have been published on this topic, but their definitions vary 
with regard to the number of preceding miscarriages as well as the sequence of 
previous pregnancies (3-5). To date, the American College of Obstetrics and 
Gynaecology (ACOG) defines recurrent miscarriage as two or more consecutive 
miscarriages and the European Society of Human Reproduction and Embryology 
(ESHRE) defines recurrent miscarriage as three or more consecutive miscarriages (3;5). 
In contrast to these guidelines, the definitions from the Royal College of Obstetricians 

and Gynaecologists (RCOG), ‘three or more miscarriages’, and the Dutch Society of 
Obstetrics and Gynaecology (NVOG), ‘two or more miscarriages’, do not contain the 
word consecutive (4;6). As a result of this discrepancy, it is unclear in daily clinical 
practice which couples should be diagnosed with recurrent miscarriage and when to 
start the diagnostic work-up.  

In all guidelines, it is advised to include at least karyotyping of the couple at 
high risk of a structural chromosome abnormality in the diagnostic work-up, as carrier 
status of a structural chromosome abnormality is strongly associated with recurrent 

miscarriage (7-9). The addition of the word consecutive suggests an essential role for 
the sequence of preceding miscarriages, but the relation between this sequence and 
the risk of carrier status is still unknown.  

To examine these relations, we investigated the influence of consecutive versus 
non-consecutive preceding miscarriages on the probability of carrier status in couples 
with a history of two or more, not necessarily consecutive, miscarriages. 
 

Material and Methods 
 
A nested case–control study was performed in six centres for Clinical Genetics in the 
Netherlands between January 1992 and January 2001, with follow-up until 2003. From 
a cohort previously described to identify independent risk factors for carrier status, all 
couples referred for chromosome analysis after recurrent miscarriage during this 

period were identified (9;10). Only couples with a history of two or more clinically 
proven miscarriages that occurred at a gestational age up to 20 weeks were included. 
Couples in which one of the partners was found to be a carrier of a structural 
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chromosome abnormality were marked as cases. Two control couples were randomly 
selected for each carrier couple, by including the couples tested immediately before 
and after the carrier couples. The sequence of preceding miscarriages could be 
consecutive or non-consecutive. Consecutive was defined as at least two preceding 
miscarriages in a row, not interspersed with any other pregnancy.  

Data on obstetric history were obtained from medical records of the 

department of clinical genetics and medical records of the referring physician, and 
from questionnaires filled out by both partners. The main outcome measure was the 
probability of carrier status. 
 

Statistical analysis 
First, we determined the association between the sequence of preceding pregnancies 
and parental chromosomal abnormalities by univariable logistic regression analysis. 
Secondly, we performed multivariable logistic regression analysis. In the multivariable 
analysis, we included the four risk factors identified previously: maternal age at the 
time of the second miscarriage, number of preceding miscarriages, history of two or 
more miscarriages in a brother or sister and history of two or more miscarriages in the 
parents of either partner (9). Subgroup analyses were performed on patients with at 

least three preceding consecutive and non-consecutive miscarriages.  
 

Results 

 

Between 1 January 1992 and 1 January 2001, 11 971 couples had been referred to the 
participating centres for chromosome analysis after two or more miscarriages. A total 
of 1148 couples were invited to participate in the study: all 382 carrier couples and 766 
non-carrier couples. After the invitation, 707 couples were included in the study, 279 
carrier couples and 428 non-carrier couples. Baseline characteristics of carriers and 
non-carriers are summarized in Table I. In carrier couples, the mean maternal age was 
significantly lower and the mean number of miscarriages was significantly higher than 
in non-carrier couples (P = 0.016 and 0.004). There were 256 of 279 (92%) carrier 
couples and 381 of 428 (89%) non-carrier couples who had experienced consecutive 

miscarriages (P = 0.21). 
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Table I. Baseline characteristics at the time of chromosome analysis, for patients with 
two or more miscarriages 

 Carriers 
(n = 279) 

Non –carriers 
(n = 428) 

P-value 

Maternal age in years at the time of chromosome 
analysis 

31.8 (4.3) 32.7 (5.0) 0.012a 

Maternal age in years at second miscarriage 30.5 (4.2) 31.6 (4.9) 0.002a 

Number of preceding miscarriages before 
chromosome analysis 

3.0 (1.2) 2.8 (1.1) 0.004a 

Number of preceding live births, median (min–
max) 

0.0 (0–6) 1.0 (0–5) 0.029b 

Consecutive miscarriages, number (%) 256 (92) 381 (89) 0.21c 

Values are means (SD) unless indicated otherwise. a Student's t-test. b Non-parametric 
test. c 2 test. 

 
At the time of chromosome analysis, 386 of 707 (55%) couples had a history of at least 
three miscarriages (Table II). The percentage of these couples with at least three 
consecutive miscarriages was the same in carriers (78%) and non-carriers (78%) (p= 

0.98).  
 

Table II. Baseline characteristics at the time of chromosome analysis, for patients with 
three or more miscarriages 

 Carriers 
(n = 170) 

Non-carriers  
(n = 216) 

P-value 

Maternal age in years at the time of chromosome 
analysis 

31.7 (4.3) 32.6 (5.3) 0.07a 

Maternal age in years at second miscarriage 29.9 (4.2) 30.8 (5.1) 0.06a 

Number of preceding miscarriages before 
chromosome analysis 

3.7 (1.2) 3.5 (1.0) 0.20a 

Number of preceding live births, median (min–
max) 

1.0 (0–6) 1.0 (0–5) 0.14b 

Consecutive miscarriages, number (%) 132 (78) 168 (78) 0.98c 

Values are means (SD) unless indicated otherwise. a Student's t-test. b Non-parametric 
test. c 2 test. 
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Univariable regression analysis showed no significant difference in carrier status 
between couples with at least two consecutive and couples with at least two non-
consecutive miscarriages [odds ratio (OR) 1.4, 95% confidence interval (CI) 0.83–2.4]. 
After multivariable logistic regression analysis, corrected for known risk factors, a 
history of at least two consecutive miscarriages (OR 0.90, 95% CI 0.48–1.7) was not 
retained as an independent risk factor influencing the probability of carrier status. In 

women with at least three miscarriages, univariable regression analysis showed no 
difference in carrier status between couples with at least three consecutive and 
couples with at least three non-consecutive miscarriages (OR 0.99, 95% CI 0.60–1.6). A 
history of three consecutive miscarriages also turned out not to be an independent risk 
factor for carrier status after multivariable logistic regression analysis (OR 0.71, 95% CI 
0.39–1.3). 
 

Discussion 

 
The results of this study show that a history of consecutive versus non-consecutive 
miscarriages in couples with two or more miscarriages is not a risk factor for carrier 
status of a structural chromosome abnormality.  

Thus, by offering karyotyping only to couples with consecutive miscarriages as is 

current practice, couples with non-consecutive miscarriages who are also potentially at 
high risk for carrying a structural chromosome abnormality are incorrectly excluded 
from a relevant diagnostic test and appropriate counselling.  

Possible limitations of this data collection have been described by Franssen et 
al. A recall bias cannot be ruled out completely, i.e. carrier couples might be more 
aware of their family history and personal obstetric history (9). Other causes of 
recurrent miscarriage are possibly not documented completely in our database. 
Although we registered other identified causes, antiphospholipid antibody screening 

was not performed by all physicians at that time.  
Carrier couples are likely to experience more future miscarriages than non-

carrier couples and they have an increased risk of viable unbalanced offspring, but the 
long-term chances of a healthy child are similar for carrier couples and non-carrier 
couples (10). Preimplantation genetic diagnosis (PGD) might be a possibility in carrier 
couples, with the rationale that relatively more live births will be achieved and that the 
number of miscarriages will be reduced. However, chances of pregnancy are relatively 
low and no outcomes are known of RCTs which determine the effectiveness of PGD in 
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couples with recurrent miscarriage (11;12). Therefore, we recommend that PGD 
should so far not be the standard care in carrier couples. 

By adopting the selective screening strategy for parental chromosome analysis 
in the guidelines, ESHRE has made an important step towards more efficiency in 
chromosome testing (5;9). Our results show that the sequence of preceding 
miscarriages does not influence the risk of carrier status and should thus not play a 

role in management.  
It is difficult to identify the origin of the word consecutive in the definition of 

recurrent miscarriage. Most likely, it dates from a study on miscarriage sequences 
published in 1938, which has been cited frequently (13). In recent publications on the 
topic of recurrent miscarriage, the majority of authors include the word consecutive in 
their definition (2;14-18). With regard to carrier status, the sequence of pregnancies 
seems to be a matter of chance. We cannot find any arguments why to offer 
karyotyping in a woman with, for example, a healthy child followed by three 
consecutive miscarriages and withhold the same diagnostics in a woman with a history 

of one miscarriage followed by the birth of a healthy child and then two more 
miscarriages. The role of consecutive versus non-consecutive miscarriages in couples 
with other underlying causes, e.g. antiphospholipid antibody syndrome, remains a 
topic for future research, as does the reproductive outcome in relation to the 
sequence of preceding pregnancies.  

Apart from the issue of miscarriages being consecutive or not, there are several 
more issues to be considered regarding the definition of recurrent miscarriage, such as 
the number of preceding miscarriages and the upper gestational age. For the upper 

gestational age, it has been stated that consensus is urgently needed (8). The same 
could be stated for the lower gestational age, since it is unclear whether biochemical 
pregnancies should be included in the definition. An appropriate diagnosis is important 
and is the basis for an evidence-based diagnostics, treatment and future research. If 
the definition requires at least three miscarriages, couples with a history of two 
miscarriages might well be harmed if denied proper diagnosis (2).  

According to our opinion, good clinical practice in recurrent miscarriage moves 
from employing a fixed definition towards risk assessment in an individual patient, 

applying evidence-based risk factors to assess chances of underlying abnormalities and 
adverse future pregnancy outcome. The definition should indicate when to consider 
diagnostic work-up and should therefore be broad.  
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In conclusion, we did not find any influence of consecutive versus non-consecutive 
miscarriages on the probability of carrier status. Therefore, couples with miscarriages 
interspersed with healthy child(ren) should be managed in the same way as couples 
with consecutive miscarriages and according to the ESHRE guidelines. Future research 
should focus on the relationship between other underlying risk factors and the 
sequence of pregnancies, to further specify the definition of recurrent miscarriage.  
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