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Abstract

We compared the effectiveness of antenatal betamethasone for the prevention of neonatal 

morbidity and mortality in preterm twin and singleton gestations. We conducted a case-control 

study of women with twin versus singleton gestations who received betamethasone for risk of 

prematurity in a university-affiliated, community-based, tertiary care center between 1997 and 

2005. Cases were identified from clinical care and pharmacy databases, then matched for neonatal 

gender and gestational age (GA) at delivery. Sixty cases and 60 controls of deliveries occurring 

between 24 and 34 weeks’ gestation were identified. The mean GA was 30.4 ± 2.7 weeks. There 

were no differences between the groups in maternal demographics (with the exception of maternal 

age), birth weight, head circumference, Apgar scores, need for mechanical ventilation, days on 

ventilator, intraventricular hemorrhage grade 3 or 4, necrotizing enterocolitis suspected sepsis, 

total days in neonatal intensive care unit, or neonatal deaths. No differences in major morbidities 

or mortality were found in singletons versus twins. Concerns that the added maternal plasma 

volume in multiple gestations could lessen the neonatal benefits of antenatal betamethasone were 

not substantiated. This study may be affected by β-error due to small sample size and sampling 

bias as a result of a retrospective study.
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Since the NIH Consensus Statement in 1994 regarding the effects of antenatal 

corticosteroids to improve perinatal outcomes in preterm birth,1 this therapeutic approach 

has been used routinely in pregnancies less than 34 weeks at high risk for preterm delivery.2 

The benefits of corticosteroids include prevention of respiratory distress syndrome (RDS), 

intraventricular hemorrhage (IVH), and mortality in singleton preterm neonates.3 Over the 

past three decades, the number of live-born twin pregnancies has increased significantly 

from 1.85% of live births in 1971 to 3.2% in 2004.4,5 Multiple gestation is recognized 

as a risk factor for preterm delivery, with one report noting 40% of twins delivering 
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before 37 weeks’ gestation6 and another report noting 58.2% of twins delivering prior to 

37 weeks’ gestation and 11.9% prior to 32 weeks’ gestation.7 Based on the benefits of 

antenatal corticosteroids in singleton preterm births, betamethasone is commonly given to 

twin pregnancies at risk at the same dose. However, there is controversy regarding the 

appropriate dosing of antenatal corticosteroid use in this circumstance.8,9 In fact, there is no 

consensus about the effectiveness of antenatal steroid use in multiple gestations.10

This investigation was undertaken to compare the effectiveness of the recommended 

betamethasone regimen for the prevention of RDS, IVH, necrotizing enterocolitis, and 

overall mortality in twin neonates compared with singletons and delivered before 34 weeks’ 

gestation.

METHODS

Subjects with twin pregnancies who were administered betamethasone at Women’s Pavilion 

at Long Beach Memorial Medical Center from January 1995 to December 2005 were 

identified through the pharmacy database. During this time, we identified 92 cases of 

twin gestations that met inclusion criteria. Maternal medical records were reviewed for the 

following data: age, parity, ethnicity, smoking, illicit drug use, birth number and order, 

gestational age and dating criteria, diabetes mellitus, presence of infection, preeclampsia, 

premature rupture of membranes, preterm labor, presentation, and neonatal medical record 

number. The neonatal medical records were reviewed for gestational age at delivery, birth 

weight, birth length, head circumference, Apgar scores, gender, admission to neonatal 

intensive care unit (NICU), meconium passage, perinatal death, number of days from 

birth to discharge, discharge weight, length, head circumference, need for and duration 

of mechanical ventilation as a proxy for RDS, severe intraventricular hemorrhage, sepsis, 

necrotizing enterocolitis, surfactant use, postnatal corticosteroid exposure, and perinatal 

death. These outcome measures for the first-born twin were compared with singletons born 

to women at risk for preterm delivery between 24 and 34 weeks’ gestation who received 

betamethasone.

Cases were excluded for the following criteria: delivery occurred at another facility, 

known fetal anomalies, twin–twin transfusion syndrome, deliveries at less than 24 weeks’ 

gestation or greater than 34 weeks’ gestation, in utero demise of one or both twins, and 

unknown antenatal steroid therapy status. Twin–twin transfusion syndrome was defined as 

presentation in the midtrimester with the oligopolyhydramnios sequence (deepest vertical 

pocket of amniotic fluid in the donor being less than or equal to 2 cm and in the recipient 

greater than 8 cm) associated with weight discordance among the fetus greater than 20%.

Subject information for twin gestations was then cross-referenced against the labor and 

delivery database known as ObStat. A control group of singleton pregnancies who received 

betamethasone and delivered between 24 and 34 weeks’ gestation was identified using the 

following individual matching criteria: estimated gestation age at delivery (24 weeks to 27 

weeks and 6 days, 28 weeks to 31 weeks and 6 days, and 32 weeks to 33 weeks and 6 days) 

and neonatal gender. If multiple controls were identified during the same time period, that 
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subject who delivered in closest temporal proximity to the case was used for our analysis. 

Sixty cases and 60 matching controls were identified.

Statistical Analysis

Continuous variables such as birth weight, head circumference, and days of mechanical 

ventilation were compared using Student t tests. Categorical variables such as IVH, 

RDS, or composite neonatal morbidity (defined as IVH, need for mechanical ventilation 

[representing RDS], necrotizing enterocolitis, patent ductus arteriosus, suspected sepsis, 

and neonatal death) were compared using chi-square, Mann-Whitney U, and Fisher exact 

tests where appropriate. Multivariable regression analyses were performed to evaluate the 

influence of time of betamethasone administration to delivery on the occurrence of neonatal 

complications. For this analysis, the time interval from betamethasone dosing was the 

independent variable, and each of the neonatal morbidities were both independently and then 

in a composite were the dependent variables. Statistical significance was set at a level of p < 

0.05.

RESULTS

There were no differences in the twin group compared with the singleton group in most 

maternal demographics (height, weight, body mass index, or ethnicity), except for maternal 

age (Table 1). This is a reflection of a higher need for infertility treatment in older women 

resulting in twin gestations. There were no differences between the groups in birth weights 

(1434.5 ± 466.5 versus 1481.3 ± 573.6 g), head circumference at delivery (28.3 ± 2.7 versus 

27.4 ± 3.4 cm), Apgar scores at 1 and 5 minutes (Table 2), need for mechanical ventilation 

(48.3% versus 56.7%), number of days on ventilator (16.9 ± 17.7 versus 21.6 ± 18.3), or 

total NICU days. IVH grade 3 or 4 (13.3% versus 20.0%) and necrotizing enterocolitis 

(11.7% versus 16.7%) occurred with similar frequencies among the groups. Although there 

were more singleton neonates treated for suspected sepsis, the number of culture-proven 

sepsis cases was not different between the groups (nine versus three for twins and singletons, 

respectively, p = 0.08). Neonatal deaths (1.7% versus 6.7%) occurred more frequently in the 

control group, but this difference was not statistically different. We also evaluated composite 

neonatal morbidity and found that it was not different between groups (Table 3).

To evaluate the effect of the interval from betamethasone dosing on the presence of the 

major neonatal morbidities, we performed a multivariable regression analysis model and 

found no significant differences between groups for any of the major neonatal morbidities 

(data not presented). The interval between dosing and delivery was 12.7 ± 15.3 days for the 

twins and 9.1 ± 10.1 days for the singleton controls (p = 0.14). The frequency of the major 

neonatal morbidities also did not vary in the twins group when comparing mono-chorionic 

versus dichorionic gestations (data not presented).

DISCUSSION

No differences in neonatal morbidities such as RDS, IVH, suspected sepsis, patent ductus 

arteriosis, or neonatal death occurred more frequently in twins than in singletons in 

this case-control investigation evaluating the effectiveness of antenatal betamethasone. In 
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addition, there were no differences found in neonatal biometric measures between groups. 

Concerns that the added maternal plasma volume in multiple gestations could lessen the 

neonatal benefits of antenatal betamethasone were not substantiated. A small sample size 

confers the possibility of β-error, and the retrospective nature of this investigation invites the 

possibility of sampling bias leading to the differences in major adverse outcome measures. 

It is possible that with a different study methodology such as group matching, significant 

differences between the major morbidities could have been identified.

The recommended dose of betamethasone is two 12-mg doses intramuscularly 24 hours 

apart. In animal studies, dose occupies 75% of the singleton fetal corticosteroid receptors, 

invoking a near maximal induction of receptor-mediated response in fetal target tissues.11–13 

By inference, because similar transient reductions in fetal heart rate caused by antenatal 

corticosteroid administration have been described in both singleton and twin pregnancies, a 

portion of each betamethasone dose enters the fetal compartments.14–17

In clinical practice, the same dose of betamethasone is given irrespective of the pregnancy 

plurality. Pharmacokinetic data indicate that higher doses of betamethasone are needed in 

twin gestations to reduce neonatal morbidity and mortality.13 A study measuring serial 

betamethasone levels in twin and singleton pregnancies indicates that betamethasone 

clearance is more rapid and the half-life shorter in patients with twin pregnancies, 

supporting the theory that subtherapeutic blood levels of betamethasone are achieved in 

twin pregnancies.13,18 Because of this, Ballabh et al recommend a possible schedule of three 

doses of betamethasone, 12 mg given every 18 hours.13

Although some researchers report a similar incidence of RDS in twins and singletons 

antenatally exposed to betamethasone,19,20 others failed to reproduce these results.21–23 

Turrentine et al found no decrease in the incidence of RDS between 21 twins who received 

ante-natal corticosteroids compared with 63 who did not receive β-methasone.21 Similarly, 

Quist-Therson et al, with a larger sample size (232 twin and 708 singleton pregnancies), also 

showed no significant reduction in RDS among twins with birth weights between 500 and 

1500 g.22 Marttila et al found that twins born before 28 weeks had a higher incidence of 

RDS compared with singletons. In contrast, the same study found that this risk was lower in 

twins born between 32 and 36 weeks.23 Unfortunately, in this investigation, treatment with 

betamethasone was not well described. Finally, a recent study in Israel demonstrated that 

although a complete course of antenatal corticosteroids significantly reduced the incidence 

of respiratory distress syndrome irrespective of plurality, steroid effectiveness appeared to 

decrease with increasing plurality.24 Each of these studies is limited by their retrospective 

natures.

We acknowledge the weaknesses of our investigation, which include its retrospective nature 

and a small sample size. A post hoc power analysis indicates that this investigation had a 

28% power to detect a difference in the most common outcome of suspected sepsis; for 

other outcomes, the power was less. Strengths of this investigation include the homogeneity 

of clinical care given that the data were collected from a single institution in which the 

perinatal medical care has been overseen largely by a single group of perinatal practitioners 
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and neonatologists, and its case-control design with attention to matching for potential 

confounders.

Our findings, along with these published clinical and pharmacokinetic reports, suggest that 

a prospective evaluation of the effectiveness of the recommended dose of betamethasone 

for the reduction of neonatal morbidity and mortality in twin compared with singleton 

gestations is needed.

ACKNOWLEDGMENTS

Financial support was received from the Memorial Healthcare Systems Foundation for this report. These data were 
presented at the 54th Annual Meeting of the Society for Gynecologic Investigation, Reno, NV, March 2007.

REFERENCES

1. NIH Consensus Development Panel. Effect of corticosteroids for fetal maturation on perinatal 
outcomes. JAMA 1995;273:413–418 [PubMed: 7823388] 

2. Dudley DJ, Waters TP, Nathanielsz PW. Current status of single-course antenatal steroid therapy. 
Clin Obstet Gynecol 2003;46:132–149 [PubMed: 12686903] 

3. Guinn DA, Atkinson MW, Sullivan L, et al. Single vs weekly courses of antenatal corticosteroids 
for women at risk of preterm delivery: a randomized controlled trial. JAMA 2001;286:1581–1587 
[PubMed: 11585480] 

4. Warner BB, Kiely JL, Donovan EF. Multiple births and outcome. Clin Perinatol 2000;27:347–361 
[PubMed: 10863654] 

5. Martin JA, Hamilton BE, Sutton PD, et al. Births: final data for 2004. Natl Vital Stat Rep 
2006;55:1–101

6. Joseph KS, Allen AC, Dodds L, et al. Causes and consequences of recent increases in preterm birth 
among twins. Obstet Gynecol 2001;98:57–64 [PubMed: 11430957] 

7. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Munson ML. Births: final data for 
2002. Natl Vital Stat Rep 2003;52:1–113

8. Jobe AH, Soll RF. Choice and dose of corticosteroid for antenatal treatments. Am J Obstet Gynecol 
2004;190:878–81 [PubMed: 15118606] 

9. Crowley P. Corticosteroids prior to preterm delivery (Cochrane Review). The Cochrane Library. 
Issue 4, update software. Oxford: 1998

10. Ballard PL, Ballard RA. Scientific basis and therapeutic regimens for use of antenatal 
glucocorticoids. Am J Obstet Gynecol 1995;173:254–262 [PubMed: 7631700] 

11. Jeffray TM, Marinoni E, Ramirez MM, Bocking AD, Challis JR. Effect of prenatal betamethasone 
administration on maternal and fetal corticosteroid-binding globulin concentrations. Am J Obstet 
Gynecol 1999;181:1546–1551 [PubMed: 10601941] 

12. Challis JR, Berdusco ET, Jeffray TM, Yang K, Hammond GL. Corticosteroid-binding globulin 
(CBG) in fetal development. J Steroid Biochem Mol Biol 1995;53:523–527 [PubMed: 7626504] 

13. Ballabh P, Lo ES, Kumari J, et al. Pharmacokinetics of betamethasone in twin and singleton 
pregnancy. Clin Pharmacol Ther 2002;71:39–45 [PubMed: 11823756] 

14. Pacheco LD, Ghulmiyyah LM, Snodgrass WR, Hankins GD. Pharmacokinetics of corticosteroids 
during pregnancy. Am J Perinatol 2007;24:79–82 [PubMed: 17260328] 

15. Rotmensch S, Lev S, Kovo M, et al. Effect of betamethasone administration on fetal heart rate 
tracing: a blinded longitudinal study. Fetal Diagn Ther 2005;20:371–376 [PubMed: 16113556] 

16. Mulder EJ, Derks JB, Visser GH. Effects of antenatal betamethasone administration on fetal heart 
rate and behavior in twin pregnancy. Pediatr Res 2004;56:35–39 [PubMed: 15128914] 

17. Ville Y, Vincent Y, Tordjman N, Hue MV, Fernandez H, Frydman R. Effect of betamethasone on 
the fetal heart rate pattern assessed by computerized cardiotocography in normal twin pregnancies. 
Fetal Diagn Ther 1995;10: 301–306 [PubMed: 7576167] 

Battista et al. Page 5

Am J Perinatol. Author manuscript; available in PMC 2023 September 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



18. Mulder EJ, Derks JB, Visser GH. Effects of antenatal betamethasone administration on fetal heart 
rate and behavior in twin pregnancy. Pediatr Res 2004;56:35–39 [PubMed: 15128914] 

19. Ardila J, Le Guennec JC, Papageorgiou A. Influence of antenatal betamethasone and gender 
cohabitation on outcome of twin pregnancies 24 to 34 weeks of gestation. Semin Perinatol 
1994;18:15–18 [PubMed: 8209281] 

20. Spinillo A, Capuzzo E, Ometto A, et al. Value of antenatal corticosteroids therapy in preterm birth. 
Early Hum Dev 1995;42:37–47 [PubMed: 7671844] 

21. Turrentine MA, Dupras-Wilson P, Wilkins IA. A retrospective analysis of the effect of antenatal 
steroid administration on the incidence of respiratory distress syndrome in preterm twin 
pregnancies. Am J Perinatol 1996;13:351–354 [PubMed: 8865981] 

22. Quist-Therson EC, Myhr TL, Ohlsson A. Antenatal steroids to prevent respiratory distress 
syndrome: multiple gestation as an effect modifier. Acta Obstet Gynecol Scand 1999;78:388–392 
[PubMed: 10326882] 

23. Marttila R, Kaprio J, Hallman M. Respiratory distress syndrome in twin infants compared with 
singletons. Am J Obstet Gynecol 2004;191:271–276 [PubMed: 15295378] 

24. Blickstein I, Shinwell ES, Lusky A, Reichman B. Plurality-dependent risk of respiratory distress 
syndrome among very-low-birth-weight infants and antepartum corticosteroid treatment. Am J 
Obstet Gynecol 2005;192:360–364 [PubMed: 15695972] 

Battista et al. Page 6

Am J Perinatol. Author manuscript; available in PMC 2023 September 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Battista et al. Page 7

Table 1

Maternal Demographic Characteristics

Twin (n = 60) Singleton (n = 60) p

Age (y) 31.8 ± 5.6 27.4 ± 6.4 < .001

Gravidity 3.32 ± 2.23 3.26 ± 2.4 0.86

Parity 1.20 ± 1.59 1.18 ± 1.26 0.95

Ethnicity* 0.59

 Caucasian 22 (37.3%) 15 (30.6%)

 African-American 15 (25.4%) 14 (28.6%)

 Hispanic 16 (27.1%) 16 (32.6%)

 Asian 5 (8.5%) 1 (2.0%)

 Other 1 (1.7%) 3 (6.1%)

 Missing 1 11

Body mass index 31.8 ± 7.2 31.0 ± 2.9 0.54

Gestational age at betamethasone dosing (wk) 29.0 ± 2.9 29.0 ± 2.9 0.16

Interval from betamethasone to delivery (d) 12.1 ± 15.0 9.0 ± 10.0 0.16

*
Missing values.

Data presented as mean ± standard deviation, or n (%).
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Table 2

Birth Characteristics

Twin (n = 60) Singleton (n = 60) p

Birth weight (g) 1434±468 1481±573 0.63

Apgar score < 7 at 1 min 17 (28.3%) 23/60 (38.3%) 0.25

Apgar score < 7 at 5 min 1 (1.7%) 5 (8.3%) 0.09*

Birth length (cm) 39.3 ± 3.9 39.8 ± 4.9 0.58

Birth head circumference (cm) 28.3 ± 2.7 27.6 ± 3.4 0.21

Birth chest circumference (cm) 24.2 ± 3.8 24.7 ± 3.3 0.60

*
Fisher exact test.

Data presented as mean ± standard deviation or n (%).
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