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                 ORIGINAL ARTICLE Prenatal genetic counseling and consanguinity Angela Posch, Stephanie Springer, Martin Langer, Wibke Blaicher, Berthold Streubel and Maximilian Schmid* Department of Obstetrics and Feto-maternal Medicine, Medical University of Vienna, Austria *Correspondence to: Maximilian Schmid. E-mail: [email protected] Objectives To evaluate the prevalence of consanguineous patients at a Western European prenatal genetic counseling clinic and to describe demographic as well as health-related characteristics of this patient group. Method Retrospective analysis of 1964 primary consultations at the Prenatal Genetic Counseling Outpatient Clinic at the Medical University of Vienna General Hospital in Austria. Characteristics of consanguineous patients were compared with those of a control group of not-related unions. Results A total of 8.9% (174/1964) of all patients lived in a consanguineous union, meaning they were related as second cousin or closer [78.7% (137/174)ﬁrst cousin, 14.4% (25/174) second cousin, 6.3% (11/174)ﬁrst cousin once removed or 0.6% (1/174) uncle/niece]. Consanguineous patients were signiﬁcantly younger (26.6 5.4 vs 30.4 6.5,p<0.01) and of non-Austrian background [92.5% (161/174) vs 32.8% (57/174),p<0.01] than not-related controls. Forty-six per cent (80/174) were referred during an ongoing pregnancy. The main counseling issue was family history of consanguinity (ICD Z84.3) in 31.6% (55/174) of cases. Conclusions Estimations of the prevalence of consanguinity among the general population in Western Europe likely highly underestimate the evaluated prevalence among patients referred for prenatal genetic counseling. Counseling strategies need to take into consideration that consanguineous patients are more likely to be young and have an immigrant background. © 2012 John Wiley & Sons, Ltd. Funding sources: None Conﬂicts of interest: None declared INTRODUCTION Consanguineous marriage is customary in many societies but leads to an increased birth prevalence of infants with severe recessive disorders. Consanguinity is most commonly deﬁned as mating among persons biologically related as second cousin or closer. 1At present, about 20% of world populations live in communities with a preference for consanguineous marriage. 2 While consanguineous marriages occur in most populations, in some, they are rigorously avoided, whereas in others, they are positively preferred. Therefore prevalence rates of consanguinity vary signiﬁcantly depending on religion, culture and geography.
 Consanguineous marriage is rare in most European countries.
 Estimations carried out in 2001 placed Austria and other Western European countries into the group with a low prevalence of consanguinity of less than 1%. 1The highest prevalence rates are found in Northern Africa and the Near and Middle East, where 20% to 50% of marriages are consanguineous. 3More recently, migrant groups from highly consanguineous regions settling down in Western Europe lead to communities with a highly elevated prevalence of consanguinity within those countries. 1,4 Darr and Modell 5for instance found a 55% prevalence of consanguineous couples among the Pakistani subpopulation in the UK, a country with a general prevalenceof 1% to 4%. 3This trend poses a signiﬁcant challenge to prenatal genetic counseling and other healthcare services in countries with a historically low prevalence of consanguinity.
 Prenatal genetic counseling deals with questions about genetic risk factors for the progeny. Patients are usually referred because of a family history of genetic disease or a suspected risk factor for genetic disease. A consultation typically includes inquiries concerning the medical condition of the index patient and further investigations such as DNA-based testing or chromosomal analysis. Ideally, the risk of recurrence can be identiﬁed, and prenatal diagnostic measures are offered. 6 Prenatal genetic counseling seems to be particularly important for consanguineous couples.
 There is extensive epidemiologic evidence that identiﬁes consanguinity as risk factor for various adverse health outcomes in offspring. Mating among relatives is associated with higher occurrence of autosomal recessive diseases in progeny. 7,8 An about tenfold increase of risk for autosomal recessive diseases in progenies of consanguineous unions compared with random mating was identiﬁed in a prospective study 9in the UK. A Norwegian study 10 amongﬁrst-cousin Pakistani identiﬁed a relative risk for birth defects twofold compared with the general population. Even though prenatal genetic counseling is of Prenatal Diagnosis2012,32, 1133–1138 © 2012 John Wiley & Sons, Ltd. DOI: 10.1002/pd.3971 utmost importance for consanguineous couples due to the low prevalence in the general population, the level of concern and awareness among patients and referring physicians seems low in Western Europe, and data are scarce. 11 In the present study, we evaluated the prevalence of consanguineous couples at a prenatal genetic counseling outpatient clinic in Western Europe and assessed demographic and health-related characteristics of this patient group.
 METHODS Subjects Approval for this study was obtained by the institutional review board of the Medical University of Vienna (Reference EK Nr.
 927/2010). Clinical data were collected retrospectively from ﬁles of the Prenatal Genetic Counseling Outpatient Clinic at the Medical University of Vienna General Hospital, Department of Obstetrics and Feto-maternal Medicine. Two thousand four hundred nineteen patients referred to our clinic for prenatal genetic counseling between 1 January 1999 and 31 December 2009 were evaluated. After the exclusion of repeat visits, 1964 primary visits remained, and a total of 174 patient ﬁles involving consanguinity were identiﬁed and included.
 Consanguineous unions were deﬁned as mating among persons biologically related as second cousin or closer.
 Progeny of consanguineous unions who, at the time of initial referral, did not live in a consanguineous relationship were not included. A control group of 174 not-related unions including the patient of the consecutive consultation following a consultation with a consanguineous patient/couple was selected, and patient characteristics were compared. All included cases were women. Information on partner’s age was available in 21.8% (38/174) of cases and 27.0% (47/174) of non-related controls.
 Statistical analysis We used the statistical software SPSS 18.0.3 for Windows (SPSS Inc., Chicago, IL) for statistical analysis. Metric data such as age or gestational week were described using means standard deviations. Nominal data were presented using percentages. For the comparison of characteristics from consanguineous and not-related unions, Mann–WhitneyU-test was used for metric and chi-square test for nominal data.
 pvalues≤0.05 were considered to indicate signiﬁcant results. RESULTS A total of 8.9% (174/1964) of all patients of the Prenatal Genetic Counseling Outpatient Clinic of the Medical University of Vienna General Hospital were living in consanguineous unions, deﬁned as a relationship between people related as second cousin or closer. The exact number of primary consultations and the prevalence of consanguineous patients between January 1999 and December 2009 are shown in Table 1.
 A total of 78.7% (137/174) of consanguineous patients were related asﬁrst cousin (coefﬁcient of inbreeding = 0.0625), 14.4% (25/174) as second cousin, 6.3% (11/174) asﬁrst cousinonce removed and 0.6% (1/174) as uncle/niece. Consanguineous patients were signiﬁcantly younger (26.6 5.4 vs 30.4 6.5, p<0.01) and had signiﬁcantly more often a non-Austrian background [92.5% (161/174) vs 32.8% (57/174),p<0.01] than not-related controls. Forty-six per cent (80/174) of the consanguineous patients sought genetic counseling during an ongoing pregnancy with a mean gestational age of 13.9 4.8 weeks at time of referral. Analysis of the reason for referral showed that 39.7% (69/174) of patients sought prenatal genetic counseling because they had a previous child with congenital malformation or genetic disease. Patient characteristics of consanguineous consultants and not-related controls are shown in Tables 2 and 3.
 The main counseling issues were family history of consanguinity (ICD Z84.3) in 31.6% (55/174), congenital malformations, deformations and chromosomal abnormalities (ICD Q00–Q99) in 23.6% (41/174) and pregnancy with abortive outcome (ICD O00–O08) in 10.3% (18/174) of all cases.
 Counseling issues are given in Tables 4 and 5. DISCUSSION We sought to investigate the prevalence and characteristics of consanguineous patients among patients referred for genetic counseling. Our data suggest that data derived from the general population highly underestimate the prevalence of consanguineous patients among patients referred for prenatal genetic counseling. Furthermore, adequate counseling and public health strategies need to take into account that consanguineous patients are signiﬁcantly younger and of immigrant background than not-related controls.
 Comparable studies evaluating the prevalence of consan- guineous couples among patients referred for prenatal genetic counseling have been performed in Iran as well as in Australia where prevalences of consanguineous couples among the general population of 36.8% 12and<1% 3have been reported.
 Although these countries present completely different initial situations, the increase in percentages of consanguineous couples among the patients of prenatal genetic counseling Table 1Prevalence of consanguineous patients between 1999 and 2009 [N(%)] Year Primary consultations Consanguineous 1999 79 9 (11.4) 2000 118 17 (14.4) 2001 140 13 (9.3) 2002 149 15 (10.1) 2003 169 19 (11.2) 2004 130 12 (9.2) 2005 167 8 (4.8) 2006 212 25 (11.8) 2007 254 17 (6.7) 2008 271 15 (5.5) 2009 275 24 (8.7) Total 1964 174 (8.9) N, number. Poschet al. 1134 Prenatal Diagnosis2012,32, 1133–1138© 2012 John Wiley & Sons, Ltd. compared with the general population was shown to be approximately twofold in both countries. Fathzadehet al. 13 reported a prevalence of consanguinity among patients referred for prenatal genetic counseling of 85% in Iran, whereas Portet al. 7reported a prevalence of 1.5% to 2% in Australia. No analogous studies have been conducted inWestern Europe so far. We report a nearly tenfold increase compared with the estimates for the prevalence in the general population of<1% in Austria. 1We did not investigate the reasons for this remarkable increase in percentages in our study. The higher rate of immigrants in Vienna, where our data were collected, in comparison with the rest of Austria 14 may Table 2Patient characteristics [N(%) aor mean (SD) b] Characteristics Consanguineous Not relatedp-value Included patients 174 a 174 a Age primary consultant (years) 26.6 (5.4) b 30.4 (6.5) b <0.01 Age partner (years) 32.0 (5.9) b 32.3 (6.4) b 0.8 Ethnical background Austrian13 (7.5) a 117 (67.2) a <0.01 Others161 (92.5) a 57 (32.8) a Ongoing pregnancy 80 (46.0) a 65 (37.4) a 0.1 Gestational age (weeks) 13.9 (4.8) b 13.1 (5.0) b 0.3 Parity No children 87 (50.0) a 86 (49.4) a 0.9 ≥1 healthy children 55 (31.6) a 50 (28.7) a 0.6 ≥1 children with congenital malformation or genetic disease 61 (35.1) a 56 (32.2) a 0.6 Previous pregnancy loss None123 (70.7) a 114 (65.5) a 0.3 ≥1 terminations of pregnancy 18 (10.3) a 16 (9.2) a 0.7 ≥1 miscarriages 41 (23.6) a 53 (30.5) a 0.1 N, number; SD, standard deviation. Table 3Reasons for referral [N(%)] Reason for referral Consanguineous Not relatedp-value Previous child with congenital malformation or genetic disease 69 (39.7) 76 (43.7) 0.4 No history of congenital malformation or genetic disease 105 (60.3) 98 (56.3) Preconceptional 60 (34.5) 58 (33.3) Ongoing pregnancy 45 (25.9) 40 (23.0) N, number.
 Table 4Counseling issues [N(%)] Counseling issueICD-10 Consanguineous Not related Included patients—174 174 Family history of consanguinityZ84.3 55 (31.6) 0 (0.0) Congenital malformations, deformations and chromosomal abnormalities Q00–Q99 41 (23.6) 63 (36.2) Pregnancy with abortive outcome O00–O08 18 (10.3) 21 (12.1) Diseases of the nervous systemG00–G99 15 (8.6) 28 (16.1) Endocrine, nutritional and metabolic diseases E20–E90 12 (6.9) 37 (21.3) Diseases of the blood and blood-forming organs and certain disorders involving the immune mechanism D50–D89 9 (5.2) 10 (5.7) Mental and behavioral disordersF00–F99 8 (4.6) 6 (3.4) Disorders of the eye and adnexa and disorders of the ear and mastoid process H00–H95 8 (4.6) 4 (2.3) Other disorders originating in the perinatal period P90–P96 6 (3.4) 1 (0.6) Other<1%—2 (1.1) 4 (2.3) N, number.
 Prenatal genetic counseling and consanguinity 1135 Prenatal Diagnosis2012,32, 1133–1138© 2012 John Wiley & Sons, Ltd. Table 5Leading counseling issues within referral subgroups [N(%)] Referral subgroupLeading counseling issue Consanguineous Not related Previous child with congenital malformation or genetic diseaseCongenital malformations, deformations and chromosomal abnormalitiesQ00–Q99 31 (44.9) Congenital malformations, deformations and chromosomal abnormalitiesQ00–Q99 38 (50.0) Diseases of the nervous system G00–G99 13 (18.8) Endocrine, nutritional and metabolic diseasesE20–E90 13 (17.1) Endocrine, nutritional and metabolic diseasesE20–E90 7 (10.1) Diseases of the nervous system G00–G99 11 (14.5) Other—18 (26.1) Other—14 (18.4) Preconceptional Family history of consanguinity Z84.3 31 (51.7) Congenital malformations, deformations and chromosomal abnormalitiesQ00–Q99 16 (27.6) Pregnancy with abortive outcome O00–O08 17 (28.3) Pregnancy with abortive outcome O00–O08 14 (24.1) Diseases of the blood and blood- forming organs and certain disorders involving the immune mechanismD50–D89 3 (5.0) Endocrine, nutritional and metabolic diseasesE20–E90 14 (24.1) Other—9 (15.0) Other—14 (24.1) Ongoing pregnancy Family history of consanguinity Z84.3 24 (53.3) Endocrine, nutritional and metabolic diseasesE20–E90 10 (25.0) Congenital malformations, deformations and chromosomal abnormalitiesQ00–Q99 8 (17.8) Congenital malformations, deformations and chromosomal abnormalitiesQ00–Q99 9 (22.5) Endocrine, nutritional and metabolic diseasesE20–E90 4 (8.9) Diseases of the nervous system G00–G99 9 (22.5) Other—9 (20.0) Other—12 (30.0) N, number. Poschet al. 1136 Prenatal Diagnosis2012,32, 1133–1138© 2012 John Wiley & Sons, Ltd. have contributed to these results. Moreover, one could speculate that the awareness among referring doctors is higher than in other countries studied. This is emphasized by our result that 31.6% of patients sought genetic counseling on the ground of consanguinity alone. Nevertheless, a pregnancy rate of 46.0% among the group of consanguineous patients shows that there is a need for further awareness building to ensure referral before conception. Late referral for prenatal genetic counseling can often be traced back to an unawareness and lacking alertness about a potential risk factor before pregnancy in primary healthcare providers. 11 Not surprisingly, we found that compared with a control group of non-consanguineous patients, most consanguineous patients had an immigration background and were on average younger. This reﬂects the known preference for consan- guineous marriage in immigrant communities from Turkey and the Middle East. It is also well known that women with an immigration background tend to have children earlier, which could explain the younger average age in our study group. Interestingly, there was no difference in prevalence of children with congenital malformation or genetic disease between cases and controls. However, considering that the control group also represents a high-risk population referred for genetic counseling, this might simply emphasize the fact that patients living in consanguineous unions need to be considered as a high-risk group.
 Our study has several limitations. Because of the retrospective nature of our evaluation, we cannot completely rule out that we might have missed some patients who have not been clearly identiﬁed as being consanguineous in theirﬁles. Also, because of the retrospective design, information on partner’s characteristics, such as age, was available in only a minority of patients. These inaccuracies can only be avoided by conducting a prospective study. Furthermore, we only evaluated a single center, which makes it hard to rule out a selection bias. As in other countries, in Austria genetic counseling is restricted to speciﬁc genetic counseling centers usually afﬁliated with tertiary hospitals. Patients that might beneﬁt from prenatal genetic counseling are usually identiﬁed by their general practitioner or obstetricians–gynecologist and referred to the next appropriate center. Being part of the Department of Obstetrics and Feto- maternal Medicine, our clinic is the only genetic counseling clinic at Vienna’s largest tertiary referral hospital that is explicitly aimed at questions about genetic risk factors for the progeny and possibilities of invasive prenatal genetic testing. However, there are other genetic counseling clinics at our institution and other hospitals, and thus, our sample is far from ideal. Ideally, we would have pooled data from various centers around the country or even within Europe. However, by evaluating 11 years ofgenetic counseling at one of Europe’s biggest hospitals with 2419 consultations in total, we believe that we have analyzed a representative sample and largely outweighed the disadvantages of retrospective analysis.
 To further evaluate the importance of consanguinity in Western Europe, we propose prospective multicenter studies that allow for analysis of characteristics of consanguineous patients compared with the general public. We believe that this would be an important step towards developing adequate counseling and public health strategies aimed at limiting the genetic burden associated with consanguinity. It is evident that there are numerous issues, includingﬁnancial, ethical, cultural, legal and health-related factors, that pose limitations for the implementation of preventative strategies. Financial constraints often limit access to appropriate counseling as counseling centers often cannot keep up with the ever increasing demand and signiﬁcant waiting times apply. Discouragement appears inappropriate and incompatible with the ethical principles of genetic counseling, especially non-directiveness. Legal prohi- bition of all consanguineous unions is inept and ineffective because the practice of consanguinity is a fact of the cultural and social life in many communities. Like many others, we believe that the focus should be on health education, good accessibility to genetic counseling and prenatal diagnosis. 15 CONCLUSION Estimations of the prevalence of consanguinity among the general population in Western Europe likely highly underestimate the prevalence among patients referred for prenatal genetic counseling. Adequate genetic counseling and public health strategies need to take into consideration that consanguineous patients are more likely to be young and have an immigrant background.
 WHAT’S ALREADY KNOWN ABOUT THIS TOPIC?
 Consanguinity poses a signiﬁcant challenge for prenatal genetic counseling.
 Frequency of consanguineous couples shows considerable cultural and regional differences.
 WHAT DOES THIS STUDY ADD?
 Estimations of the prevalence ofconsanguinity among the general population in Western European countries likely highly underestimate the prevalence among patients referred for prenatal genetic counseling.
 Adequate counseling strategies need to take into consideration that consanguineous patients are more likely to be young and have an immigrant background. REFERENCES1. Bittles A. Consanguinity and its relevance to clinical genetics. Clin Genet 2001;60:89–98.
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