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Abstract

:

This retrospective cohort study evaluated pregnancy outcomes and similarities between pairs of nulliparous sisters with a singleton fetus who delivered between 2013 and 2020. The “Sister-1 group” was defined as the sibling who delivered first, while the “Sister-2 group” included the siblings who gave birth after Sister-1. Obstetrical complications and delivery outcomes were compared. The relative risk for recurrence of a complication in Sister-2 was calculated. The study included 743 sister pairs. There were no between-group differences in maternal BMI, gestational age at delivery, gravidity, smoking, or epidural rates. The Sister-2 group was older than the Sister-1 group (26.4 ± 5 vs. 25.8 ± 4.7 years, respectively, p = 0.05). Higher birthweights and more large-for-gestational-age infants characterized the Sister-2 group compared with the Sister-1 group (3241 ± 485 g vs. 3148 ± 536 g, p < 0.001 and 7.7% vs. 4.8%, p = 0.025, respectively). There were no between-group differences in the rate of small-for-gestational-age, gestational diabetes, hypertensive disorders, pre-term births, vacuum extraction, or cesarean deliveries. Logistic regression analysis found that if Sister-1 underwent vacuum extraction, her sibling had an increased risk for vacuum delivery (adjusted RR 3.03, 95% CI 1.4–6.7; p = 0.003) compared with those whose sibling (Sister-1) did not. There was a three-fold risk of vacuum extraction delivery between sisters. This finding could be related to biological inheritance, environmental factors, and/or psychological issues that may affect similarities between siblings’ delivery outcomes.
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1. Introduction


Complex interactions between genetic and environmental factors may affect pregnancy complications and labor patterns. Several studies have investigated familial pregnancy patterns, specifically, similarities between pregnancy complications that mothers and daughters might share. An excess occurrence in mothers and their daughters has been observed in pre-eclampsia [1], prolonged pregnancy [2,3], pre-term birth [4], labor dystocia [5,6], and vaginal-birth failure [7], as well as correlations between birthweight [8] and long duration of labor [9].



Significant differences in the management of pregnancy and childbirth between women of different generations may affect the results in mothers and daughters. Like mothers and daughters, sisters also share a 50% similarity in their genetic load. They also tend to share similar socio-demographic backgrounds and environmental influences.



Data regarding similarities and differences between sisters in labor patterns, as well as in the mode of delivery, are sparse. A study conducted by Tollanes et al. found that a younger sister whose older sister had her first child by cesarean delivery (CD) had a higher chance of having a CD as well [7]. It was also found that the rates of labor dystocia are similar among sisters [5,6]. Others observed a correlation between pre-pregnancy BMI and weight gain during pregnancy among sisters and a weak correlation in the birth weights of babies born to sisters [10]. It was also found that the risk for pre-term birth was higher if the first sister had a pre-term delivery [11].



The current study aimed to broaden the knowledge regarding pregnancy complications and birth patterns among sisters. We explored this correlation using linked birth data between sisters recorded in the birth registry of a large tertiary medical center in Israel. This enabled us to compare genetically related women who were close in age and who received similar care under similar conditions and medical guidelines during their pregnancies and deliveries.




2. Materials and Methods


This population-based retrospective cohort study used data retrieved from the electronic healthcare records of patients who delivered at Meir Medical Center, Kfar Saba, Israel between 2013 and 2020.



Data were collected from the electronic medical records and included information on maternal demographics and medical, obstetric, and prenatal history, as well as information about pregnancy complications, labor, and delivery. Data regarding early neonatal outcomes were also collected.



We identified sisters by pairing women with the same maiden name, parental names, and maternal and paternal origins. In the case of pairs of sisters with the same paternal names and same maternal and paternal origins but different family names, we contacted them directly by telephone and asked if they were indeed sisters. If more than two sisters were identified, we paired the sister who gave birth first with the other sister (Sister-1 was compared with Sister-2 and Sister-1 was compared with Sister-3). For the purpose of the study, the sister who had her first pregnancy earlier, regardless of age, was defined as “Sister-1”, while the sister who gave birth second was defined as “Sister-2”.



2.1. Ethics


The Institutional Review Board approved the study protocol and the Ethics Committee waived the requirement for informed consent as the data were fully anonymized before analysis. Included were nulliparous sisters, 18 to 40 years old, who delivered at Meir Medical Center and who had well-documented data regarding their pregnancies and deliveries. An additional inclusion criterium was the birth of a singleton viable fetus (beyond 24 weeks of gestation) without fetal anomalies or genetic abnormalities.




2.2. Outcomes


The data were used to determine whether sisters of women with a complicated pregnancy had a higher risk of developing the same complication, compared with sisters of women with uncomplicated pregnancies. The outcomes of interest were pregnancy and obstetrical complications. We compared the relative risk for gestational diabetes mellitus (GDM) A1 and A2; hypertensive disorders (pre-eclampsia [12] and chronic hypertension); pre-term birth (PTB, defined as <37 and <34 weeks of gestation); small-for-gestational-age infants (SGA, defined as neonatal birthweight < 10th percentile based on Israeli growth charts) [13]; large-for-gestational-age infants (LGA, defined as birth weight >90th percentile) [13] in the sister of a woman with this condition compared with a sister of a woman without it. We also compared the risk of vacuum extraction (VE) and CD.




2.3. Statistical Analysis


The two groups of sisters were compared using a chi-square test for categorical variables and independent t-tests for the continuous variables, to ensure that they had similar demographic characteristics. Next, we identified the incidence of pregnancy complications in the two groups. Last, we compared the relative risk for the sibling (Sister-2 group) of women with pregnancy and/or delivery complication (Sister-1 group) to have the same complication compared with the siblings of women without this condition. p < 0.05 was considered statistically significant. All analyses were performed using SPSS, version 23 (IBM Corp., Armonk, NY, USA). Logistic and multinomial logistic regression analyses were used to estimate relative risks and 95% confidence intervals. Probability values were determined by nonparametric tests of the medians.





3. Results


During the study period, 4503 pairs of sisters were found; among them were 777 (17.3%) pairs of nulliparous women, of which 743 pairs (16.5%) met the inclusion criteria. Baseline characteristics of the sisters were divided into those who had given birth first (Sister-1 group) and those who had given birth second (Sister-2 group) are shown in Table 1. There were no significant differences in BMI between the groups before and after pregnancy, gestational age at delivery, gravidity, smoking, and epidural rates. Sisters who gave birth second were older than sisters who gave birth first (26.4 ± 5 vs. 25.8 ± 4.7 years, respectively; p = 0.05).



Table 2 outlines maternal and neonatal characteristics of the study groups. Birth weights and LGA rates were higher among the Sister-2 group compared with the Sister-1 group (3241 ± 485 g vs. 3148 ± 536 g, respectively, p < 0.001, and 57 (7.7%) vs. 36 (4.8%), respectively, p = 0.025). SGA rates did not differ between the groups. GDM, hypertensive disorders, prematurity rates, VE rates, and urgent CD rates were found to be similar between groups.



The relative risk analysis is shown in Table 3. A woman whose sister had a VE had a three-fold risk of a vacuum delivery (adjusted RR 3, 95% CI: 1.4–6.7). Relative rates of other complications including pre-term births, GDM, hypertensive disorders, LGA and SGA, CDs, and urgent CDs were similar between the groups.




4. Discussion


The current study identified a significant association of instrumental deliveries between sisters, with a three-fold risk for VE in women whose sisters underwent vacuum delivery.



We performed a comprehensive comparison of pregnancy complications and delivery outcomes among sisters in their first delivery. Regarding pregnancy complications, data concerning associations of GDM and pre-eclampsia between sisters are lacking. It is well-established that women with a family history of diabetes have a higher risk for GDM [14], but whether there is an association of GDM between sisters is not known. In the current study, we did not find an increased risk for GDM among women with sisters who had GDM or an increased risk for pre-eclampsia among sisters. Notably, Skjærven et al. showed that sisters of women who were themselves born after pregnancies of their mothers that were complicated by pre-eclampsia had about twice the risk of pre-eclampsia in their pregnancies [1], implying heritable aspects of pre-eclampsia that are not yet fully understood. They did not investigate whether sisters of a woman who had pre-eclampsia during her own pregnancy had an elevated risk for pre-eclampsia.



Regarding labor outcomes, studies among relatives demonstrated a higher incidence of labor dystocia among mothers and daughters, as well as between sisters [5,6]. We demonstrated an increased risk (adjusted RR = 3) for vacuum delivery among sisters. Our findings are in accordance with a study by Bers-Lakas et al. [6], who reported more than triple the risk (OR = 3.5) for an assisted instrumental delivery among women having older sisters who underwent instrumental intervention and more than a 20-fold risk (OR = 24) among twins [6]. However, their study included women who delivered between 1955 and 1972 in various medical centers, so the relevance to contemporary practice is questionable.



Several mechanisms may contribute to this type of familial association, including genetic influences, environmental factors, and/or psychological parameters. Using model fitting, Algovik et al. suggested that genetic effects account for 28% of susceptibility for labor dystocia [5]. Non-genetic familial factors may also contribute to similarities between sisters. For example, unfavorable experiences of close relatives may influence anxiety levels during pregnancy and delivery, which in turn may influence labor progression and mode of delivery [15,16].



In the current study, we did not observe an association between CD or pre-term birth between sisters; yet, other studies showed familial associations in CD rates [6,7]. According to Tollånes et al. [7], a younger sister whose older sister had her first child delivered by CD had a 45% increased risk of having her first child by CD (RR 1.45, 95% CI 1.40–1.51).



The current study had several strengths. First, all deliveries were managed at the same university medical center during a period of 7 years, which prevents bias arising from changing guidelines and different clinical approaches across medical centers. Additionally, data and familial relationships were validated through telephone questionnaires.



The main limitation of the current study lies in its retrospective nature. A larger cohort may have enabled us to demonstrate additional statistically significant differences. Another weakness is the lack of data on some possible confounders such as maternal height or clinical pelvimetry. Nonetheless, our cohorts were similar in the main characteristics known to affect the risk for instrumental delivery, such as maternal age, BMI, and weight gain during pregnancy.



In conclusion, of all the complications that were investigated between sisters, we found an increased risk for vacuum delivery among sisters. Importantly, while our data showed an increased risk of vacuum delivery among sisters, the strength and assuredness of this association is not completely clear and needs further evaluation. This type of association should be added to the various considerations related to patient counseling and delivery management. Further research is needed to explore the possible genetic and psychological influences underlying associations between pregnancy and delivery outcomes among sisters.







Author Contributions


Investigation, H.S.-R.; Methodology, H.S.-R., G.C. and S.R.; Writing—original draft, H.S.-R. and L.H.; Writing—review & editing, H.S., T.B.-S., M.K. and D.R. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of Meir Medical Center (MMC 0282-21 on September 2021).




Informed Consent Statement


Patient consent was waived because of the retrospective nature of the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Skjærven, R.; Vatten, L.J.; Wilcox, A.J.; Rønning, T.; Irgens, L.M.; Lie, R.T. Recurrence of pre-eclampsia across generations: Exploring fetal and maternal genetic components in a population based cohort. BMJ 2005, 331, 877–879. [Google Scholar] [CrossRef] [PubMed]

	



Morken, N.H.; Melve, K.K.; Skjaerven, R. Recurrence of prolonged and post-term gestational age across generations: Maternal and paternal contribution. BJOG 2011, 118, 1630–1635. [Google Scholar] [CrossRef] [PubMed]

	



Mogren, I.; Stenlund, H.; Högberg, U. Recurrence of prolonged pregnancy. Int. J. Epidemiol. 1999, 28, 253–257. [Google Scholar] [CrossRef] [PubMed]

	



Magnus, P.; Bakketeig, L.S.; Skjærven, R. Correlations of birth weight and gestational age across generations. Ann. Hum. Biol. 1993, 20, 231–238. [Google Scholar] [CrossRef] [PubMed]

	



Algovik, M.; Nilsson, E.; Cnattingius, S.; Lichtenstein, P.; Nordenskjöld, A.; Westgren, M. Genetic influence on dystocia. Acta Obstet. Gynecol. Scand. 2004, 83, 832–837. [Google Scholar] [CrossRef] [PubMed]

	



Berg-Lekas, M.L.; Hogberg, U.; Winkvist, A. Familial occurrence of dystocia. Am. J. Obstet. Gynecol. 1998, 179, 117–121. [Google Scholar] [CrossRef]

	



Tollånes, M.C.; Rasmussen, S.; Irgens, L.M. Caesarean section among relatives. Int. J. Epidemiol. 2008, 37, 1341–1348. [Google Scholar] [CrossRef] [PubMed]

	



Kuzawa, C.W.; Eisenberg, D.T.A. Intergenerational predictors of birth weight in the Philippines: Correlations with mother’s and father’s birth weight and test of maternal constraint. PLoS ONE 2012, 7, e40905. [Google Scholar] [CrossRef] [PubMed]

	



Ebrahimoff, M.; Many, A.; Downe, S.; Tishkovskaya, S.; Hall-Moran, V. Length of labour in mothers and their daughters: A matched cohort study. Eur. J. Obstet. Gynecol. Reprod. Biol. 2020, 245, 77–83. [Google Scholar] [CrossRef] [PubMed]

	



Singer, S.M.; Marc, Y.; Fink, V.V.A. Similarities in Maternal Weight and Birth Weight across Pregnancies and Across Sisters. Physiol. Behav. 2019, 176, 139–148. [Google Scholar]

	



Winkvist, A.; Mogren, I.; Högberg, U. Familial patterns in birth characteristics: Impact on individual and population risks. Great Br. Int. J. Epidemiol. 1998, 27, 248–254. [Google Scholar] [CrossRef] [PubMed]

	



American College of Obstetricians and Gynecologists. Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin Summary, Number 222. Obstet. Gynecol. 2020, 135, 1492–1495. [Google Scholar] [CrossRef] [PubMed]

	



Dollberg, S.; Haklai, Z.; Miouni, F.B.; Gorfein, I.; Gordon, E.S. Birth weight standards in the live-born population in Israel. IMAJ 2005, 7, 311–315. [Google Scholar] [PubMed]

	



Huvinen, E.; Eriksson, J.G.; Stach-Lempinen, B.; Tiitinen, A.; Koivusalo, S.B. Heterogeneity of gestational diabetes (GDM) and challenges in developing a GDM risk score. Acta Diabetol. 2018, 55, 1251–1259. [Google Scholar] [CrossRef] [PubMed]

	



Lederman, R.P.; Lederman, E.; Work, B.A., Jr.; McCann, D.S. The relationship of maternal anxiety, plasma catecholamines, and plasma cortisol to progress in labor. Am. J. Obstet. Gynecol. 1978, 132, 495–500. [Google Scholar] [CrossRef]

	



Sanni, K.R.; Eeva, E.; Noora, S.M.; Laura, K.S.; Linnea, K.; Hasse, K. The influence of maternal psychological distress on the mode of birth and duration of labor: Findings from the Finn Brain Birth Cohort Study. Arch. Women’s Ment. Health 2022, 25, 463–472. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Baseline characteristics of sisters.






Table 1. Baseline characteristics of sisters.





	Characteristic
	Sister-1 Group

n = 743
	Sister-2 Group

n = 743
	p-Value





	Maternal age at delivery, years (mean ± SD)
	25.8 ± 4.7
	26.4 ± 5
	0.05



	BMI before pregnancy, kg/m2 (mean ± SD)
	23.7 ± 5.2
	23.6 ± 5.1
	0.76



	BMI after pregnancy, kg/m2 (mean ± SD)
	28.5 ± 5.7
	28.4 ± 6.2
	0.8



	Gestational age at delivery, weeks, (mean ± SD)
	38.8 ± 1.8
	39 ±1.6
	0.08



	Gravidity (mean ± SD)
	1.2 ±0.5
	1.2 ±0.5
	0.22



	Smoking, n (%)
	28 (3.8%)
	26 (3.5%)
	0.78







BMI—body mass index; SD—standard deviation.
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Table 2. Sisters’ obstetrical and neonatal characteristics.






Table 2. Sisters’ obstetrical and neonatal characteristics.





	Characteristic
	Sister-1 Group

n = 743
	Sister-2 Group

n = 743
	p-Value





	Epidural, n (%)
	465 (62.6%)
	433 (58.3%)
	0.09



	Gestational diabetes mellitus (A1 + A2), n (%)
	63 (8.5%)
	84 (11.3%)
	0.07



	Hypertensive disorders
	30 (4%)
	26 (3.5%)
	0.58



	Neonatal birthweight, g (mean ± SD)
	3148 ± 536
	3241 ± 485
	<0.001



	Large for gestational age, n (%)
	36 (4.8%)
	57 (7.7%)
	0.025



	Small for gestational age, n (%)
	45 (6.1%)
	31 (4.2%)
	0.1



	Pre-term birth <34 w, n (%)
	14 (1.9%)
	9 (1.2%)
	0.29



	Pre-term birth <34–37 w, n (%)
	79 (10.6%)
	71 (9.6%)
	0.49



	Vacuum extraction n (%)
	58 (7.8%)
	48 (6.5%)
	0.31



	Cesarean delivery n (%)
	163 (21.9%)
	140 (18.9%)
	0.142



	Urgent Cesarean delivery, n (%)
	99 (13.3%)
	75 (10.1%)
	0.054
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Table 3. Relative risk of pregnancy and delivery outcomes across sisters.






Table 3. Relative risk of pregnancy and delivery outcomes across sisters.





	
Variable

	
Prevalence of Complications in Sister-2 Group

	
Crude Relative Risk (95% CI)

	
Adjusted Relative Risk * (95% CI)




	
Sister-1 Group without Complication

	
Sister-1 Group with Complication






	
GDM, n (%)

	
76/680 (11.1%)

	
8/63 (12.6%)

	
1.1 (0.6–2.2)

	
1.0 (0.5–2.3)




	
Hypertensive disorders, n (%)

	
29/688 (4.2%)

	
1/25 (4%)

	
1.0 (0.1–6.8)

	
1.0 (0.1–7.2)




	
Large for gestational age, n (%)

	
33/653 (5.1%)

	
3/54 (5.5%)

	
1.1 (0.4–3.3)

	
1.1 (0.3–3.7)




	
Small for gestational age, n (%)

	
44/668 (6.6%)

	
1/30 (3.3%)

	
0.5 (0.07–3.8)

	
0.5 (0.07–3.8)




	
Pre-term birth <34 weeks, n (%)

	
8/729 (1.1%)

	
1/14 (7.1%)

	
6.6 (0.81–59.5)

	
8.3 (0.9–77.3)




	
Pre-term birth <34–37 weeks, n (%)

	
63/664 (9.5%)

	
8/79 (10.1%)

	
1.1 (0.5–2.31)

	
1.1 (0.5–2.23)




	
Pre-term birth <37, n (%)

	
75/635 (11.8%)

	
15/108 (13.8%)

	
1.2 (0.7–2.0)

	
1.2 (0.7–2.1)




	
Cesarean delivery, n (%)

	
107/580 (18.4%)

	
34/153 (20.9%)

	
1.1 (0.8–1.6)

	
1.2 (0.7–2.5)




	
Vacuum delivery, n (%)

	
39/658 (5.7%)

	
9/58 (15.5%)

	
2.7 (1.3–6.7)

	
3.0 (1.4–6.6)




	
Urgent CD, n (%)

	
63/644 (9.8%)

	
12/99 (12.1%)

	
1.2 (0.7–2.3)

	
1.3 (0.7–2.5)








GDM—gestational diabetes mellitus (A1 + A2); hypertensive disorders including chronic hypertension, gestational hypertension, and pre-eclampsia. * Adjusted for maternal age and neonatal birth weight.
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