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In recent years, an increase in the rate of gastroschisis has been documented in several countries throughout the world. Based on accumulating evidence that a maternal immunologic response to a novel set of paternal antigens may be involved in risk for several adverse pregnancy outcomes, including preeclampsia, reduced birth weight, and preterm delivery, we tested the hypothesis that a pregnancy following a change in fathers (change in paternity) may be a risk factor for gastroschisis. Using a case-control design, we compared the prevalence of change in paternity with the index pregnancy in 102 mothers of isolated gastroschisis cases to the prevalence of change in paternity in 117 mothers of non-malformed infants and 78 mothers of infants with neural tube defects or oral clefts. In a multivariate analysis,



the adjusted odds of change in paternity in multigravid case mothers were 7.81 times higher (95% Confidence interval 2.80–21.88) relative to multigravid mothers of malformed and non-malformed controls combined, after adjustment for maternal age. These data suggest that maternal immune factors may play a role in the cause of gastroschisis. Further research is needed to corroborate these findings and to elucidate possible immunologic mechanisms involved in the pathogenesis of gastroschisis. ß 2006 Wiley-Liss, Inc.
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INTRODUCTION



Gastroschisis, a congenital defect of the abdominal wall that involves paraumbilical herniation of abdominal organs usually to the right of the umbilicus, is thought to be due to an intrauterine vascular accident [Hoyme et al., 1981]. There is a low risk of recurrence in isolated cases, suggesting that gastroschisis is not an entirely genetically determined disorder [Torfs and Curry, 1994]. Although studies prior to 1980 estimated the birth prevalence of this defect at 1–2 per 10,000 live born infants, data from recent years have documented increasing rates in several countries. The underlying cause of this secular trend is unknown [Roeper et al., 1987; Di Tanna et al., 2001]. However, with strong evidence of a global increase in incidence, there is speculation that some environmental factor(s) that have also increased in prevalence in recent years may be involved [Forrester and Merz, 2006].



Several case-control studies have identified maternal risk factors for gastroschisis, including very young maternal age, primigravidity or primiparity, lower socioeconomic status, lower maternal body mass index, use of vasoactive medications, maternal infection, smoking, alcohol and illicit drug use, disordered family life, and poor diet [Goldbaum et al., 1990; Werler et al., 1992a,b, 2002, 2003; Haddow et al., 1993; Torfs et al., 1994, 1996, 1998; Martinez-Frias et al., 1997; Lam et al., 1999; Siega-Riz et al., 2006]. Some of these risk factors, such as primiparity, young maternal age, lower socioeconomic status,
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and maternal infection, are also associated with preeclampsia, the cause of which is not well understood [Saftlas et al., 1990; Eskenazi et al., 1991; Sibai et al., 1995; Mittendorf et al., 1996]. Preeclampsia is thought by some, at least in part, to have an immunologic basis. The underlying hypothesis is that in normal pregnancy, the maternal immune response to foreign tissue represented by the fetal allograft is suppressed in order to prevent rejection of the embryo or fetus. However, in the preeclamptic pregnancy, this immunologic suppression with respect to presentation of paternal antigen is thought to be inadequate or inappropriate resulting in a graftversus-host-type response directed against normal trophoblast invasion and remodeling subsequently leading to endothelial cell dysfunction [Colbern et al., 1994; Taylor, 1997; Robillard et al., 1999]. In support of this theory, several studies have implicated risk factors for preeclampsia that are consistent with an immunologic response to the embryo/fetus influenced by maternal exposure to a novel set of paternal antigens and/or reduced length of time for development of maternal tolerance to those paternal antigens prior to the affected pregnancy. These factors include younger maternal age, primigravidity or primiparity, shorter length of sexual cohabitation with the father involved in the affected pregnancy, use of barrier methods of contraception prior to the affected pregnancy, artificial insemination with donor sperm, lack of oral sex, and change in paternity (new partner with the affected pregnancy in a multigravid woman) between the most recent previous pregnancy and the pregnancy affected with preeclampsia [Trupin et al., 1996; Dekker et al., 1998; Robillard et al., 1999; Tubbergen et al., 1999; Koelman et al., 2000; Li and Wi, 2000; Verwoerd et al., 2002; Saftlas et al., 2003]. In addition to preeclampsia, a number of other adverse pregnancy outcomes have been associated with change in paternity, including reduced placental weight, reduced birth weight [Warburton and Naylor, 1971], intrauterine growth restriction [Krulewitch et al., 1997; Kleijer et al., 2005] birth weight less than 2,500 g, and preterm delivery [Li, 1999; Vatten and Skjaerven, 2003], supporting the hypothesis that maternal lack of immune tolerance to new paternal antigen may present challenges to the developing embryo or fetus. The purpose of this study was to determine if change in paternity is also a risk factor for gastroschisis. If such an association is demonstrated, this would suggest that maternal immune function may play a role in the pathogenesis of gastroschisis, a pathway that has not previously been appreciated. Furthermore, if social or lifestyle factors contribute to the unexplained rise in incidence of gastroschisis, these findings can suggest possible prevention strategies.



MATERIALS AND METHODS Study Design and Subject Selection



We conducted a case-control study in Southern California through record review at prenatal diagnostic centers at the University of California San Diego, in La Jolla, California (UCSD) which serves as a referral site for residents of San Diego and Imperial Counties in California, and Kaiser Permanente facilities located throughout Southern California which serve members of the Kaiser health maintenance organization insurance plan in this region. Cases and two control groups were selected from women who obtained services at one of the participating sites between 1986 and 2003. Institutional Review Board approval was obtained from both institutions. Cases were defined as mothers who had been referred for prenatal diagnosis to one of the participating centers on the basis of an elevated serum alpha-fetoprotein level in mid-trimester, who subsequently received genetic counseling, and who were ultimately diagnosed as carrying a child with isolated gastroschisis. Non-malformed controls were defined as women who had been referred for prenatal diagnosis to one of the participating centers on the basis of an abnormal serum alpha-fetoprotein level in midtrimester, who subsequently received genetic counseling, and who were then determined to be carrying a non-malformed child. A second control group consisted of mothers of malformed fetuses selected from women who had been referred to one of the participating centers, who received genetic counseling, and who subsequently were diagnosed as carrying a fetus with an isolated neural tube defect or an isolated oral cleft. These specific defects were selected because, unlike gastroschisis, their pathogenesis is not thought to involve vascular disruption. All isolated gastroschisis cases that were identified over the study period were selected from the prenatal diagnosis center records and frequency-matched by institution and categorical year of ascertainment (within 5-year categories) to approximately equal numbers of non-malformed and malformed control subjects prior to collecting any information from medical record review. Because of the strong association between gastroschisis and young maternal age, we attempted to frequency match by maternal age category in the selection of controls; however, no individual matching was performed as this would have created some limitations in the ability to analyze the effect of age [Rothman and Greenland, 1998]. Data Collection



Medical records were reviewed for all qualifying cases and controls, and data from the genetic
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counseling interview regarding maternal age, race/ ethnicity, maternal and paternal occupation, marital status, previous pregnancy history, pedigree, and pregnancy exposures were abstracted, with the primary source of data being the genetic counseling interview that was conducted prior to the known result of any definitive prenatal diagnostic tests including level II ultrasound. Data from the medical records were also used to confirm classification of pregnancy outcome as isolated gastroschisis, nonmalformed control or malformed control. Change in paternity was defined as new father for the index pregnancy relative to the most recent pregnancy. Changes in paternity that had occurred previous to the index pregnancy were also identified and recorded in order to address the possibility that change in father with any pregnancy, not just the most recent one, was a risk factor. Statistical Analysis



Univariate analyses were performed to examine the frequency distributions of maternal characteristics (e.g., age, race/ethnicity, previous pregnancy history) and the risk factor of interest, change in paternity, across the case and control groups using chi-square or Fisher’s exact test. In multivariate analysis, using unconditional logistic regression, adjusted odds ratios and 95% confidence intervals (CI) for the risk of gastroschisis in association with change in paternity were computed using all multi-



gravid case mothers compared to multigravid control mothers of both malformed and non-malformed infants combined. Two-way interaction terms for change in paternity in combination with other significant predictors of gastroschisis were tested in the model. Confounding was assessed by testing whether variables modified the estimate of the odds ratio for the association between change in paternity and gastroschisis by > 10%. Statistical analyses were conducted using SPSS v. 14.0 for Windows (Carey, NC), with P < 0.05 used to judge significance.



RESULTS



After exclusion of 24 infants who did not meet the inclusion/exclusion criteria (17 in whom insufficient information was available to classify change in paternity, 5 infants with multiple malformations, and 2 case infants who were ultimately determined not to have gastroschisis), 102 cases, 117 nonmalformed controls and 78 malformed controls were available for analysis. Of these, 149 subjects were from UCSD and 148 subjects were obtained from Kaiser sites. One case infant, four non-malformed control infants, and one malformed control infant were members of twin pairs. The mean gestational age and standard deviation of the pregnancy at the time of the genetic counseling interview ranged from 18.1  3.0 to 18.6  3.7 weeks across the three groups. As shown in Table I, cases were more likely



TABLE I. Maternal Characteristics of Cases and Controls



Maternal age (years)b 29 Race/ethnicityc Non-hispanic white Non-hispanic black Hispanic Other Marital status—singled SES—lowere Primigravid Primiparous Previous spontaneous abortion (any) Previous termination (any) Alcohol (any 1st trimester) Tobacco (any 1st trimester) Vasoactive agents (any 1st trimester)f a



Gastroschisis cases (N ¼ 102)



Non-malformed controls (N ¼ 117)



Malformed controls (N ¼ 78)



n (%)



n (%)



n (%)



P-valuea



31 41 26 4



(30.4) (40.2) (25.5) (3.9)



18 (16.1) 39 (34.8) 36 (32.1) 19 (17.0)



6 (7.7) 19 (24.4) 22 (28.2) 31 (39.7)






32 3 52 14 45 54 51 71 17 17 11 16 21



(31.7) (3.0) (51.5) (13.9) (49.5) (56.8) (50.0) (69.6) (16.7) (16.7) (10.8) (15.7) (20.6)



40 (35.1) 10 (8.8) 53 (46.5) 11 (9.6) 37 (35.2) 55 (48.2) 43 (36.8) 64 (54.7) 27 (23.1) 22 (18.8) 13 (11.1) 14 (12.0) 15 (12.8)



36 (47.4) 7 (9.2) 24 (31.6) 9 (11.8) 18 (26.5) 31 (43.1) 27 (34.6) 40 (51.3) 21 (26.9) 21 (26.9) 8 (10.3) 6 (7.7) 10 (12.8)



0.076 0.010 0.192 0.061 0.023 0.237 0.210 0.982 0.265 0.214



Chi-square. Chi-square statistic ¼ 47.88 with six degrees of freedom; maternal age missing for five subjects (1.7%). Chi-square statistic ¼ 11.41 with six degrees of freedom. d Marital status missing for 33 subjects (11.1%). e Hollingshead category below the midpoint based on occupation of mother and father; occupation missing for 16 subjects (5.4%). f Vasoactive agents include decongestants, ibuprofen, aspirin, cocaine, or methamphetamine. b c
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TABLE II. Change in Paternity With Index Pregnancy Among Multigravid Women and Multiparous Women, and Change in Paternity Prior to Index Pregnancy in Multigravid Women



Change in paternity in index pregnancy among multiparous womenc Change in paternity in index pregnancy among multigravid womend Change in paternity prior to index pregnancy among multigravid womene



Gastroschisis cases n/N (%)



Non-malformed controls n/N (%)



Malformed controls n/N (%)



P-valuea



Odds ratio (95% CI)b



12/31 (38.7)



1/52 (1.9)



3/38 (7.9)






13.58 (3.95–46.73)



18/51 (35.3)



4/74 (5.4)



3/51 (5.9)






9.19 (3.54–23.88)



0/37 (0)



3/32 (9.4)



0.149



1.47 (0.14–15.10)



1/16 (6.3)



a



Chi-square or Fisher’s exact test. Crude odds ratio and 95% confidence interval for cases relative to both control groups combined. Change in fathers following most recent previous pregnancy only if that previous pregnancy ended in live birth. d Change in fathers following most recent previous pregnancy whether that previous pregnancy ended in live birth, spontaneous abortion or stillbirth, or elective termination. e Change in fathers following a previous pregnancy, but not most recent pregnancy, among multigravid women who have been pregnant at least three times. b c



to be younger, primiparous, and unmarried relative to the two comparison groups. In univariate analysis, as shown in Table II, change in paternity (i.e., new father) with the index pregnancy was significantly more common among multiparous case mothers than multiparous women in either comparison group (P < 0.001), and this was also true when the sample was expanded to include all multigravid women (P < 0.001). In other words, change in paternity was more commonly associated with mothers of gastroschisis infants whether the change in fathers occurred following an immediately previous live birth, spontaneous abortion, or pregnancy termination. To address the possibility that a change in fathers with any pregnancy, not just the most recent pregnancy, is associated with gastroschisis, we repeated the analysis considering only women with a gravidity of three or more, that is, who had the potential to have changed fathers not only with the index pregnancy, but also in at least one pregnancy previous to that. However, as shown in Table II, there was no significant association between change in paternity and gastroschisis, if that change in fathers occurred previous to the index case (P ¼ 0.149). In addition, as shown in Table III, the association with change in paternity in the index pregnancy and gastroschisis was noted across maternal age strata. In multivariate analysis, as shown in Table IV, after restricting the sample to multigravid women and



collapsing the two comparison groups, gastroschisis was associated with an adjusted prevalence odds ratio of 7.81 for change in paternity with the index pregnancy (95% CI 2.80–21.88) relative to control women, after adjustment for maternal age. Inclusion of other factors, including race/ethnicity, socioeconomic status, marital status, previous elective termination, alcohol, tobacco, or use of vasoactive substances did not modify the estimated risk of change in paternity by more than 10%. The interaction between younger maternal age and change in paternity was not statistically significant. Of note, although infant sex was not available for 28% of the study subjects, there was a differential relationship between gastroschisis and change in paternity by sex. Among mothers of male infants, the prevalence odds ratio for change in paternity was 2.61 (95% CI 0.57–12.03, P ¼ 0.206), while among mothers of female infants, the prevalence odds ratio was 36.75 (95% CI 4.24-318.75, P < 0.001, data not shown). DISCUSSION



Findings of this study are consistent with other studies with respect to the association between gastroschisis and young maternal age and primigravidity. Although Torfs et al. [1994] reported an association between gastroschisis and the fact that not all sibs of the index child were born to the same father, the novel finding of a higher frequency of



TABLE III. Change in Paternity With Index Pregnancy Among Multigravid Women Stratified by Maternal Age Group Maternal age strata (years) 29 a



Gastroschisis cases n/N (%)



Non-malformed controls n/N (%)



4/7 (57.1) 7/23 (30.4) 5/18 (27.8) 2/3 (66.7)



1/5 (20.0) 2/23 (8.7) 0/25 (0) 1/17 (5.9)



Malformed controls n/N (%) 0/2 (0) 2/7 (28.6) 1/18 (5.6) 0/24 (0)



Odds ratio (95% CI)a 8.00 (0.60–106.94) 2.84 (0.72–11.27) 16.15 (1.73–151.03) 80.00 (3.55–1801.65)



Crude odds ratio and 95% confidence interval for each age strata for cases relative to both control groups combined; Breslow-Day test for homogeneity, P ¼ 0.15.
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TABLE IV. Multivariate Analysis of Change in Paternity Among Multigravid Women Comparing Cases to Non-malformed and Malformed Controls Combined



Change in paternity in index pregnancyb No Yes Maternal age >29 25–29 20–24 


Gastroschisis cases (N ¼ 51)



Combined controls (N ¼ 121)



n (%)



n (%)



Adjusted odds ratio



95% CIa



P-value



33 (64.7) 18 (35.3)



114 (94.2) 7 (5.8)



Referent 7.81



2.80–21.88






3 (5.8) 18 (35.3) 23 (45.1) 7 (13.7)



41 (33.9) 43 (35.5) 30 (24.8) 7 (5.8)



Referent 9.29 9.43 6.10



1.73–49.94 2.45–36.23 1.59–23.48



0.009 0.001 0.009



a



Confidence interval. Missing value for maternal age for four subjects eliminated from the analysis.



b



change in paternity with the index pregnancy, to our knowledge, has not been reported previously. The association with change in paternity noted in the present study could simply be one factor representing a disordered family life along with the numerous adverse maternal, social, and demographic factors that have been linked previously to gastroschisis. However, it is important to note that we did not find that change in paternity in any previous pregnancy, other than the index pregnancy, was significantly associated with gastroschisis (P ¼ 0.149). Thus, the importance of timing of the change in paternity in proximity to the affected pregnancy provides support for a possible biological basis for the findings in this study. Furthermore, the finding of a possible interaction between female sex and change in paternity raises the possibility that there is a differential maternal immune response to a female fetus in a pregnancy with a different father which may be of importance in the pathogenesis of gastroschisis. Placed in the context of evolving data on the relationship between change in paternity and preeclampsia, intrauterine growth restriction, and preterm delivery, it has been suggested that change in paternity is really a surrogate measure for long interpregnancy interval, in that women who change partners on average have more elapsed time between the last pregnancy with a former partner and a first pregnancy with a new partner [Trogstad et al., 2001; Skjaerven et al., 2002]. However, adjustment for inter-pregnancy interval has not eliminated the effect of change in paternity in all studies [Mostello et al., 2002; Vatten and Skjaerven, 2003; Kleijer et al., 2005]. Inter-pregnancy interval as an alternative explanation has been challenged on two counts: (1) that these studies failed to account for pregnancy terminations or spontaneous abortions between pregnancies ending in live birth, which could have led to inaccurate estimation of the inter-pregnancy



interval and consequently of the risk associated with change in paternity [Saftlas et al., 2003]; and (2) that a long inter-pregnancy interval does not necessarily correlate positively with length of sexual cohabitation with the new partner. In the case of women who change partners, although inter-pregnancy interval may be longer, the length of sexual cohabitation with the new father prior to conception is likely to be shorter than the time to conception in women who do not change partners [Robillard et al., 1994, Dekker and Robillard, 2003]. However, data on the effect of length of cohabitation have been conflicting. Mahomed and Moodley [2000] found no association with duration of cohabitation and preeclampsia; whereas, Verwoerd et al. [2002] found that sexual cohabitation for longer than 6 months, accompanied by no use of barrier methods of contraception prior to the index pregnancy, was associated with reduced risk of preeclampsia. In this study of gastroschisis, we were unable to collect information on inter-pregnancy interval, length of cohabitation, or use of barrier methods of contraception; and to our knowledge no previously published study on gastroschisis has addressed these factors. Future studies should incorporate this information as well as information on the length of maternal ‘‘exposure’’ to the embryo or fetus (gestational age) in previous pregnancies including live births, terminations, or spontaneous abortions. Limitations of our study include the fact that the sample size was relatively small and may not have been representative of the population from which it was drawn due to variability in referral patterns to prenatal diagnostic centers. In addition, retrospective collection of risk factor information from a brief genetic counseling interview may have been incomplete, and the data were not initially collected for research purposes. Therefore, we did not have comprehensive information on specific exposures during pregnancy, or detailed information on dose or timing of exposure to specific vasoactive medica-
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tions. However, the potential for recall bias that is often of concern with retrospective studies was minimized in this study by the fact that both case and control mothers were referred for genetic counseling, and that information was collected from the mothers prior to any definitive diagnostic procedure, thus prior to the genetic counselor’s or the mother’s awareness of the ultimate diagnosis. A second limitation is that change in paternity may have been misclassified if some women declined to disclose paternity accurately. Previous studies have suggested that between 1 and 30% of pregnancies are fathered by someone other than the woman’s current spouse [Lucassen and Parker, 2001]. However, to the extent that women under-reported change in paternity, we have no reason to think that this misclassification would have been differential between the case and control groups. In other words, if women in the case and control groups were equally dishonest about the biological father in each of their pregnancies, the expectation is that this would tend to bias the estimate of the odds ratio for change in paternity toward the null. If the findings of this study are corroborated by other studies, and do in fact represent a causal relation, one wonders how they might be consistent with the upward trend in rates of gastroschisis in many parts of the world noted over the past two decades, and with the strong association of gastroschisis with young maternal age. In the US, the data from a large representative sample interviewed for the National Survey of Family Growth, demonstrate that between 1982 and 1995, among women who have ever been married or who have ever cohabited, the percentage with two or more sexual partners has increased by a factor of approximately two across all age strata, with the highest proportional increase among women in the youngest age group, that is, 15–24. Similarly, in the US between 1982 and 1995, the prevalence of condom use in never-married women has tripled. With respect to use of barrier methods of contraception by age group, in 1995, two to three times as many women in the age of 15– 19 years reported using condoms with their partner as a method of contraception compared to women over the age of 30 [Public Health Service, 1995]. These demographic trends, at least in the US, appear to parallel rising rates of gastroschisis especially among young women. Clearly, the risk for gastroschisis in any one pregnancy is more than an order of magnitude lower than the risk for preeclampsia, suggesting that if there is any commonality to the underlying mechanisms for these disorders, other factors such as gene– environment interaction must play a role. Candidate genes include the major histocompatibility complex (MHC) polymorphisms of which may be important in maternal–fetal interactions that lead to abnormal pregnancy outcomes [Haig, 1997]. Similarly, certain



polymorphisms of HLA-G genes which are involved in maternal immunosuppression during pregnancy and have been associated with repeated spontaneous abortion and reduced birth weight could be important [Carosella et al., 2001; Ober et al., 2003; Hviid, 2004; Tripathi et al., 2004]. In summary, our data support the hypothesis that change in paternity with the current pregnancy is associated with increased risk for gastroschisis. This calls for further exploration in other case-control settings, with additional information on related factors such as length of cohabitation and methods of contraception, as well as genetic susceptibility factors that may be contributing to individual risk and to secular trends over time. If this hypothesis is borne out in other settings, the contribution of the maternal immune response to other congenital anomalies with similar epidemiologic characteristics should be explored. REFERENCES Carosella ED, Moreau P, Aractingi S, Rouas-Freiss N. 2001. HLA-G: A shield against inflammatory aggression. Trends Immunol 22:553–555. Colbern GT, Chiang MH, Main EK. 1994. Expression of the nonclassic histocompatibility antigen HLA-G by preeclamptic placenta. Am J Obstet Gynecol 170:1244–1250. Dekker GA, Robillard P-Y. 2003. The birth interval hypothesis— Does it really indicate the end of the primipaternity hypothesis. J Reprod Immunol 59:245–251. Dekker GA, Robillard P-Y, Hulsey TC. 1998. Immune maladaptation in the etiology of preeclampsia: A review of corroborative epidemiologic studies. Obstet Gynecol Surv 53:377–382. Di Tanna GL, Rosano A, Mastroiacovo P. 2001. (Abstract). Time trends of gastroschisis in 29 registries of congenital anomalies worldwide. Reprod Toxicol 15:725. Eskenazi B, Fenseter L, Sidney S. 1991. A multivariate analysis of risk factors for preeclampsia. JAMA 266:237–241. Forrester MB, Merz RD. 2006. Comparison of trends in gastroschisis and prenatal illicit drug use rates. J Toxicol Environ Health A 69:1253–1259. Goldbaum G, Daling J, Milham S. 1990. Risk factors for gastroschisis. Teratology 42:397–403. Haddow JE, Palomaki GE, Holman MS. 1993. Young maternal age and smoking during pregnancy as risk factors for gastroschisis. Teratology 47:225–228. Haig D. 1997. Maternal-fetal interactions and MHC polymorphism. J Reprod Immunol 35:101–109. Hoyme HE, Higginbottom MC, Jones KL. 1981. The vascular pathogenesis of gastroschisis: Intrauterine interruption of the omphalomesenteric artery. J Pediatr 98:228–231. Hviid TVF. 2004. HLA-G genotype is associated with fetoplacental growth. Hum Immunol 65:586–593. Kleijer M, Dekker GA, Heard AR. 2005. Risk factors for intrauterine growth restriction in a socio-economically disadvantaged region. J Matern Fetal Neonatal Med 81:23–30. Koelman CA, Coumans AB, Nijman HW, Doxiadis II, Dekker GA, Claas FH. 2000. Correlation between oral sex and a low incidence of preeclampsia: A role for soluble HLA in seminal fluid? J Reprod Immunol 46:155–166. Krulewitch CJ, Herman AA, Yu KF, Johnson YR. 1997. Does changing paternity contribute to the risk of intrauterine growth retardation? Pediatr Perinat Epidemiol 11:41–47. Lam PK, Torfs CP, Brand RJ. 1999. A low prepregnancy body mass index is a risk factor for an offspring with gastroschsis. Epidemiology 10:717–721.
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