
Antioxidant Supplementation and Premature Rupture of the
Membranes: A Planned Secondary Analysis

Joseph A. Spinnato II, MD1, Salvio Freire, MD2, Joao Luiz Pinto E Silva, MD3, Marilza Vieira
Cunha Rudge, MD4, Sérgio Martins-Costa, MD5, Matthew A Koch, MD, PhD6, Norman Goco,
MHS6, Cleide de Barros Santos, MD2, Jose Guilherme Cecattii, MD3, Roberto Costa, MD4,
José Geraldo Ramos, MD5, Nancy Moss, PhD7, and Baha M. Sibai, MD1

1University of Cincinnati College of Medicine, Cincinnati, Ohio 2Universidade Federal de
Pernambuco, Hospital das Clínicas, Recife, Brazil 3Universidade Estadual de Campinas, Campinas,
Brazil 4Universidade Estadual Paulista, Botucatu, Brazil 5Universidade Federal do Rio Grande do
Sul, Hospital de Clínicas, Porto Alegre, Brazil 6RTI International, Research Triangle Park, North
Carolina 7National Institute of Child Health and Human Development, Bethesda, Maryland

Abstract
Objective—To determine if antioxidant supplementation during pregnancy reduces the incidence
of premature rupture of the membranes (PROM).

Study Design—A placebo-controlled, double-blind trial was conducted. PROM and preterm
PROM (PPROM) were planned secondary outcomes of the trial. Women between 120/7 and 196/7

weeks of gestation and diagnosed to have chronic hypertension or a prior history of preeclampsia
were randomized to daily treatment with both vitamin C (1000 mg) and E (400 IU) or placebo.

Results—Outcome data for PROM were available for 697 of 739 patients. The rates of PROM
37/349 [10.6%] versus 19/348 [5.5%]; adjusted risk ratio [RR] 1.89 [95.42% confidence interval CI)
1.11, 3.23]; p=0.015), and PPROM (16/349 [4.6%] versus 6/348 [1.7%]; RR 2.68 [1.07, 6.71];
p=0.025) were increased in the antioxidant group.

Conclusion—Contrary to expectations, vitamins C and E supplementation in this dose combination
may be associated with an increased risk of PROM and PPROM.
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Introduction
Premature rupture of the membranes (PROM) prior to 37 weeks of gestation (PPROM)
precedes approximately 35% of patients delivering prematurely. Among patients with a prior
history of PROM, its recurrence in subsequent pregnancies is substantially increased.1 In 2001,
Woods et al.2,3 proposed that generation of reactive oxygen species may be a potentially
reversible pathophysiologic pathway leading to preterm premature rupture of the membranes.
They hypothesized that reactive oxygen species generated by the body's response to diverse
insults such as infections, cigarette smoking, bleeding, or cocaine use could activate
collagenolytic enzymes and impair fetal membrane integrity. Because Vitamin E, a lipid-
soluble antioxidant, inhibits membrane-damaging effects of reactive oxygen species-induced
lipid peroxidation, and Vitamin C, a water-soluble antioxidant in plasma, stimulates and
protects collagen synthesis while recycling vitamin E, these authors called for clinical trials to
be done. In response, we prospectively evaluated the occurrence of premature rupture of
membranes in a cohort of patients randomized to vitamins C and E supplementation versus
placebo during a trial of their use for preeclampsia prevention. 4 The null hypothesis was that
supplementation of Vitamin C and Vitamin E would not alter the frequency of PROM.

Materials and Methods
This clinical trial was conducted as a protocol within the National Institute of Child Health and
Human Development (NICHD) Global Network for Women’s and Children’s Health Research.
The primary clinical center (Recife) and three additional clinical sites (Campinas, Botucatu,
and Porto Alegre) are staffed by the Senior Foreign Investigator (SFI) (Recife) or Senior
Collaborating Investigators (Campinas, Botucatu, and Porto Alegre), a program coordinator,
research physicians and a data manager or staff nurse. Each site’s major teaching hospital serves
a primarily urban low-income population.

The trial enrolled women seeking prenatal care who were 120/7 to 196/7 weeks’ pregnant and
diagnosed with non-proteinuric chronic hypertension or a prior history of preeclampsia in their
most recent pregnancy that progressed beyond 20 weeks gestation. Exclusion criteria were
planned delivery elsewhere, multifetal gestation, allergy to vitamin C or vitamin E, requirement
for aspirin or anticoagulant medication, 24-hour urinary protein ≥ 300 mg, prepregnancy
diabetes mellitus, known fetal anomaly incompatible with life, or prior participation in the
study.

The protocol was approved by the NICHD and the institutional review boards at the University
of Cincinnati, each participating site, and the data coordinating center (DCC). Each woman
gave written informed consent. Planned interim analyses were monitored by the Global
Network’s independent Data Monitoring Committee.

Women were assigned randomly to receive daily vitamin C 1000 mg and vitamin E 400 IU or
placebo. All clinicians and clinical investigators were blinded to group assignment. The
medications were manufactured as softgel capsules by J R Carlson Laboratories (Arlington
Heights, IL). Each active treatment gel cap contained 500 mg of ascorbic acid, 100 IU of d-
alpha tocopherol, 100 IU of d-alpha tocopherol acetate, and excipients (gelatin, soybean oil,
glycerin, water lecithin, and caramel color). The placebo gel caps contained excipients only
and were externally identical to the active drug. Participants were instructed to ingest two gel
caps daily from enrollment until delivery or until the diagnosis of preeclampsia. Correct
supplier randomization assignment was verified by the DCC. The randomization sequence was
constructed by the DCC as permuted blocks of random size, stratified by clinical center, and
implemented via a program residing on the clinical center’s study computer.
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Study participants were discouraged from the use of antioxidant vitamins, calcium
supplements, and chronic use of aspirin. The women were followed at routine prenatal visits,
typically every 4 weeks until 26 to 28 weeks of gestation, every 2 to 3 weeks until 36 weeks
of gestation, and then weekly until delivery or the onset of preeclampsia.

Compliance with treatment was assessed by counting residual pills at monthly return visits. A
computerized bottle cap, the MEMS® V TrackCap Child Resistant (APREX, a division of
AARDEX®, Ltd., Union City, CA) which internally records the date and time of each opening
of the pill bottle, was placed on the first pill bottle and then transferred to sequential bottles.
Information from the TrackCap was shared with the patients at monthly intervals to motivate
optimal compliance through encouragement and constructive problem solving.

The primary outcome of the study was the development of preeclampsia. The planned
secondary outcomes, PROM and PPROM, are the primary focus of this report. Additional
secondary outcomes evaluated included abruptio placentae, preterm birth, and small-for-
gestational age (SGA) and low birthweight infants. PROM was defined as spontaneous rupture
of membranes prior to the onset of labor. PROM was diagnosed at the time of admission by
the admitting physician through assessment of patient history and clinical findings including
pooling of amniotic fluid, positive nitrazine testing and/or positive ferning of amniotic fluid.
SGA was defined as a birth weight below the 10th percentile according to the growth tables
of Alexander et al.5 Abruptio placentae was diagnosed according to clinical findings or
placental examination.

PROM was to be treated as a surrogate outcome for preterm PROM (PPROM) (PROM prior
to 37 weeks of gestation). Although PPROM would be examined directly, it was expected to
occur in only 4–5% of control patients. For a 2-sided alpha of 0.05, the power to detect a 50%
reduction in PPROM in the vitamin group relative to the placebo group would be low (31–
37%). PROM was expected to occur in approximately 10% of control patients.

Data were analyzed using the intent-to-treat principle: all randomized subjects were included
in the treatment group to which they were originally assigned. Participants with missing
outcomes due to withdrawal of consent or loss to follow-up were excluded from the analysis
of outcomes. Additional planned analyses of subjects who had received at least 80% of the
intended doses as assessed by returned pill counts were performed. Two interim analyses that
corresponded to 34 percent and 68 percent of the total planned results were performed
according to the Lan-DeMets approach using an α-spending function analogous to the O’Brien-
Fleming procedure6 at an overall level of α=0.05 (two-tailed); the significance level for the
final analysis was α=0.0458. Comparisons between study drug and placebo groups were
stratified by site and risk group using Cochran-Mantel-Haenszel (CMH) chi-square
statistics7 for binary outcomes and analysis of variance for continuous outcomes, with CMH
row mean tests with modified ridit scores (the nonparametric van Elteren test)7 where
distributions were skewed. Analyses that adjusted for additional covariates used logistic
regression models.8 Data were analyzed using SAS/STAT software, version 9.1.3 (SAS
Institute, Inc., Cary, NC, 2003). Exact CMH procedures in StatXact, version 7 (Cytel, Inc.,
Cambridge, MA, 2005) were used when binary outcomes were sparse, yielding odds ratios
instead of risk ratios. Lan-DeMets calculations were performed using East, version 4 (Cytel,
Inc., Cambridge, MA, 2005).

Results
Screening for enrollment began on July 2, 2003 at Recife; May 19, 2004 at Botucatu; July 5,
2004 at Porto Alegre, and February 2, 2005 at Campinas; and concluded on May 15, 2006.
Follow-up was completed on November 23, 2006. From the general population of obstetric
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clinic patients and of 835 women satisfying inclusion criteria, 739 of 753 (98%) eligible women
were enrolled in the study (Recife, 265; Campinas, 202; Botucatu, 152; Porto Alegre, 120).
Figure 1 describes the enrollment flow. The specific reasons for ineligibility, refusal to
participate, and withdrawal from the study are as reported in our previous publication.4 In each
treatment group, 4.3% of subjects were lost to follow-up or withdrew consent.

The demographic and clinical characteristics of the enrolled subjects, including the criteria for
inclusion in the study, were similar between the two treatment groups both overall (Table 1)
and within the chronic hypertension and prior preeclampsia only subgroups.4 Gestational age
at enrollment was determined by best obstetric estimate; ultrasound dating was performed on
61.3% of the women and rejected the last menstrual period dating in about half of those.
Violations of inclusion or exclusion criteria occurred in 25 subjects. Twenty-three women were
enrolled outside the 12 to 19 week window for gestational age (7–11 weeks, n=13; 20–23
weeks, n=10). The majority were discovered by ultrasound examinations performed after
enrollment. There were two twin gestations, discovered after enrollment; one was lost to
spontaneous abortion, and one delivered liveborns, resulting in one more infant analyzed than
mothers in the group receiving study drug. All 25 women remained on their assigned study
treatment and continued in follow-up.

Data on secondary outcomes, including PROM and PPROM, were not available for 7 women
with spontaneous abortion (4 in the vitamin group, 3 in the placebo group) and 1 woman
(vitamin group) with a therapeutic abortion. In addition, for 2 women (1 in each treatment
group) information on the time of rupture of membranes was unavailable, leaving 697 women
(349 treatment group, 348 placebo group) for this analysis. Of these, 18 (5.2%) and 7 (2.0%)
had early treatment termination but remained in follow-up. The percentage of patients judged
by returned pill counts as having received at least 80% of the intended doses was substantial
(599 of 697 patients [85.9%]) and was similar between treatment groups (84.8%, 87.1%).

Table 2 notes the labor and delivery experience of the study participants. The distributions of
gestational age at delivery, route of delivery, and type of membrane rupture did not differ
between treatment groups. The type of labor differed significantly between treatment groups
(p=0.040), with a somewhat greater percentage of augmented spontaneous labor (7.4% versus
3.7%) and a smaller percentage of induced labor (14.6% versus 18.1%) among women in the
vitamin group. Two hundred ninety-eight of 697 patients (42.8%) were delivered without prior
labor. Site differences were pronounced. The distribution of gestational age at delivery differed
among sites (p=0.0029), with medians of 37.7, 38.0, 38.9, and 38.7 weeks at Botucatu,
Campinas, Porto Alegre, and Recife; the incidence of preterm birth varied similarly (30.4%,
27.8%, 24.3%, and 21.2%), but the differences were not statistically significant (p=0.27).
Delivery without preceding labor was differentially distributed among sites: Botucatu, 71/148
(48.0%); Campinas, 50/193 (25.9%); Porto Alegre, 42/102 (41.2%); and Recife 135/254
(53.2%); p<0.0001. Cesarean delivery was performed in 467 patients (67.0%): 91 (61.5%) at
Botucatu; 121 (62.7%) at Campinas; 49 (48.0%) at Porto Alegre; and 206 (81.1%) at Recife;
p<0.0001. Spontaneous rupture of the membranes was noted among 184 (26.4%) patients: 42
(28.4%), 57 (29.5%), 32 (31.4%), and 53 (20.9%), respectively; p<0.0001. The remaining
patients underwent amniotomy or membrane rupture during Cesarean delivery.

Table 3 reports the rate of PROM and PPROM by treatment for the intent-to-treat cohort and
the compliant subgroup. In the intent-to-treat cohort, both PROM (37/349 [10.6%] versus
19/348 [5.5%]; adjusted risk ratio [RR] 1.89 [95.42% confidence interval [CI] 1.11, 3.23];
p=0.015) and PPROM (16/349 [4.6%] versus 6/348 [1.7%]; RR 2.68 [1.07, 6.71]; p=0.025)
were significantly more likely in the vitamin group. The incidence of PROM varied by study
site (Botucatu, 10.1%; Campinas, 12.4%; Porto Alegre, 11.8%; Recife, 2.0%; p=0.0002), but
the treatment differences for PROM were consistent in direction across the sites. Among
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compliant patients, the PROM difference remained significant (p=0.029) while the PPROM
difference, though in the same direction and similar in magnitude, did not (p=0.16). The
treatment difference for PROM remained significant after covariate adjustment by logistic
regression for maternal age, smoking, and body mass index (quadratic), both overall (p=0.017)
and for the compliant subset (p=0.045). The frequency of preterm birth was significantly
increased when PROM occurred (22/56 [39.3%], versus 154/641 [24.0%]; p=0.015).

Table 4 details perinatal outcomes. No significant between group differences were noted.
Abruptio placentae was observed in 4 (1.1%) and 8 (2.3%) of patients in the vitamin and
placebo groups (adjusted odds ratio, 0.52 [0.11, 2.03]; exact p=0.38).

Comment
The findings of this investigation were unexpected. Given the number of enrolled patients, it
was anticipated that PROM would be a necessary outcome surrogate for PPROM. However,
a statistically significant negative effect of antioxidant supplementation increasing the risk of
both PROM and PPROM was found. The direction of the effect on PROM was consistent
across each of our sites. These findings were observed despite the heterogeneity of the
populations enrolled, the need for early delivery for preeclampsia or chronic hypertension that
may have attenuated a more pronounced effect on PROM frequency, and differences in
obstetric practices among sites. Among compliant patients similar overall treatment results for
PROM were noted and the lack of significance for PPROM in the compliant subgroup may
represent a Type II error, given the similarity of the direction and magnitude of the treatment
effect to the intent-to-treat analysis. However, we did not identify a deleterious influence of
supplementation on the frequency of low birthweight, small for gestational age, stillbirth, or
Apgar score. This is likely due to the infrequency of PPROM in the population studied.

These findings stand in contrast to the accumulation of reports suggesting the protective
importance of antioxidant vitamins in the pathophysiology of PROM. In 1994, Barrett et al.9
collected amniotic fluid and venous blood specimens from 80 pregnant women with or without
PROM and analyzed them for ascorbic acid, alpha-tocopherol, retinol and beta-carotene
concentrations. No differences in retinol and alpha-tocopherol were found between the PROM
and control groups. PROM and control subjects had similar serum ascorbic acid concentrations.
However, PROM subjects had significantly lower amniotic fluid ascorbic acid and serum beta-
carotene levels suggesting a possible pathophysiologic role.

Plessinger et al.10 noted extensive damage to in vitro amniotic epithelium and collagen I but
not collagen IV resulting from hypochlorous acid exposure that was dose related. Pretreatment
with vitamins C and E prevented this damage in all cases. The authors concluded that the
protection against hypochlorous acid-induced damage provided by antioxidant therapy
(vitamins C and E) is of therapeutic significance. This prompted these authors2,3,10,11 to
suggest the theory that premature rupture of the membranes is in part due to reactive oxygen
species and antioxidant deficit that resulted in membrane damage.

Siega-Riz et al.12 studied a prospective cohort of 2064 pregnant women with singleton
gestations. Women who had total vitamin C intakes of <10th percentile preconceptionally had
twice the risk of preterm delivery because of premature rupture of the membranes (relative
risk: 2.2; 95% CI: 1.1, 4.5). This risk was attenuated slightly for second-trimester intake
(relative risk: 1.7; 95% CI: 0.8, 3.5). The elevated risk of preterm premature rupture of the
membranes was greatest for women with a low vitamin C intake during both time periods.
They suggested that vitamin supplementation may be a viable interventional strategy.

Recently, Casanueva et al.13 reported 109 patients randomly assigned at 20 weeks’ gestation
to receive 100 mg vitamin C or placebo. Mean plasma vitamin C concentrations decreased
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significantly throughout the pregnancy in both groups (p=0.001), and there were no significant
differences between groups. Despite this and the low dose of supplementation, the incidence
of PROM was 14 per 57 pregnancies (24.5%) in the placebo group and 4 per 52 pregnancies
(7.69%) in the supplemented group (relative risk: 0.26; 95% CI: 0.078, 0.837). The authors
concluded that vitamin C after 20 wk of gestation effectively lessens the incidence of PROM.

Of the previously reported large preeclampsia prevention trials of vitamins C and E in the same
doses as used in this trial14–17, only Rumbold et al16 reported PPROM. Among 1877
randomized patients, PPROM was observed among 30/935 (3.2%) in the supplemented group
versus 23/942 (2.4%; relative risk: 1.31; 95% CI: 0.77, 2.25). Although these results trended
similarly to this report, the differences were not significant. Whether reliable data regarding
PROM could have been retrieved from the other studies is unknown.

This study has its limitations. The assessment of PROM/PPROM was a secondary outcome
within a study of patients at risk of preeclampsia. Whether the findings would be reproduced
in a more general population within or outside Brasil is unknown. We did not collect
information regarding prior history of PROM among our previously pregnant patients. While
it is unlikely, disproportionate representation of such patients could have populated the vitamin
supplemented group. Glucocorticoid use was not assessed in the database. However, the
prescription of glucocorticoids in this patient population is infrequent and its use among
enrolled patients should be randomly distributed with respect to treatment.

The incidence of PROM at the site in Recife was lower than at the other sites. This is at least
partly explained by the higher rate of cesarean delivery there. However, any potential under-
reporting would not be differential given the blinding of the treatments, and therefore should
not bias the association between treatment and PROM. Regardless, the observed treatment
effect on PROM was consistent across sites, including Recife. In part due to the at risk nature
of the study cohort, the cesarean delivery rate in this study (67%) is higher than that reported
for public hospitals (32.9%) in Brazil but lower than that reported from private hospitals
(80.4%).18 Elective cesarean delivery is not commonly performed prior to 39 weeks of
gestation, and generally is not performed prior to either labor or PROM among preterm patients
to some extent limiting its impact upon rates of PROM. Cesarean delivery for preterm severe
and superimposed preeclampsia may have decreased the risk of PPROM to some degree.

It seems unlikely that further studies of supplementation with vitamins C and E at the doses
used in this study either for the prevention of preeclampsia or, perhaps, for PROM prophylaxis
are warranted. However, it would be over-reaching to suggest that these studies directly or
indirectly challenge the validity of the suspected role of reactive oxygen species in the
pathogenesis of PROM. Any one or combination of reasons could explain the results including
selected drug, dose, population studied, timing, and pharmacologic preparation, to name a few
possibilities. In this regard, the previously mentioned study by Casanueva et al.,13 wherein a
daily 100 mg supplementation of vitamin C used alone, had positive results. Whether these
observations are dose dependent or whether investigations using different dosing and
combinations of antioxidants might be successful is unknown.

In light of the lack of effectiveness of this dose combination of vitamins to reduce the incidence
of preeclampsia, as noted in consecutively reported randomized trials,4,15–17 and the concerns
raised in this investigation regarding the increased risk of PROM with this combination, the
empiric clinical use of this combination among patients at risk of preeclampsia or PROM
should be abandoned. Future investigations of the role of antioxidant vitamin supplementation
in the prevention of PROM should make note of the findings of this study and proceed
cautiously.
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Figure 1.
Enrollment Flow Chart
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Table 1
Baseline characteristics of enrolled patients

Treatment

Characteristic Total

Vit C&E Placebo

Total number randomized – N 371 368 739

Study site – n (%)

  Botucatu 78 (21.0) 74 (20.1) 152 (20.5)

  Campinas 100 (26.9) 102 (27.7) 202 (27.3)

  Porto Alegre 60 (16.1) 60 (16.3) 120 (16.2)

  Recife 133 (35.8) 132 (35.9) 265 (35.9)

Preeclampsia risk group – n (%)

  Prior preeclampsia only 178 (48.0) 175 (47.6) 353 (47.8)

  Chronic hypertension 193 (52.0) 193 (52.4) 386 (52.2)

    Prior preeclampsia 49 (13.2) 57 (15.5) 106 (14.3)

    No prior preeclampsia 144 (38.8) 136 (37.0) 280 (37.9)

Age (years) – mean ± s.d. 28.9 ± 6.3 29.7 ± 6.2 29.3 ± 6.3

Race (self identified) – n (%)

  Brown 166 (44.7) 167 (45.4) 333 (45.1)

  Black 40 (10.8) 45 (12.2) 85 (11.5)

  White 165 (44.5) 156 (42.4) 321 (43.4)

  Yellow 0 ( 0.0) 0 ( 0.0) 0 ( 0.0)

Marital status – n (%)

  Married 157 (42.3) 168 (45.7) 325 (44.0)

  Co-habiting 182 (49.1) 175 (47.6) 357 (48.3)

  Other 32 ( 8.6) 25 ( 6.8) 57 ( 7.7)

Primigravida – n (%) 37 (10.0) 34 ( 9.2) 71 ( 9.6)

Gestational age at enrollment (weeks) – mean ± s.d. 15.6 ± 2.7 15.7 ± 2.5 15.6 ± 2.6

Source of estimated date of delivery (EDD) – n (%)

  Date of last menstrual period (LMP) 137 (36.9) 149 (40.5) 286 (38.7)

  LMP confirmed by ultrasound 115 (31.0) 98 (26.6) 213 (28.8)

  Ultrasound rejects LMP 119 (32.1) 121 (32.9) 240 (32.5)

Prepregnancy body mass index* (kg/m2) – mean ± s.d. 28.5 ± 7.1 28.8 ± 7.0 28.7 ± 7.1

Smoking during gestation – n (%) 52 (14.0) 50 (13.6) 102 (13.8)

Smoking at enrollment – n (%) 27 ( 7.3) 31 ( 8.4) 58 ( 7.8)

  < 1 pack per day 23 (85.2) 27 (87.1) 50 (86.2)

  ≥1 pack per day 4 (14.8) 4 (12.9) 8 (13.8)

*
Weight in kg divided by the square of height in m.
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Table 2
Labor and delivery characteristics of patients evaluable for PROM.*

Treatment

Characteristic Total

Vit C&E Placebo

Number of mothers – N 349 348 697

Gestational age at delivery – median 38.1 38.4 38.3

(25th, 75th percentile) (36.9, 39.4) (37.1, 39.4) (36.9, 39.4)

Type of labor – n (%)†

  No labor 150 (43.0) 148 (42.5) 298 (42.8)

  Spontaneous 148 (42.4) 137 (39.4) 285 (40.9)

    Not augmented 122 (35.0) 124 (35.6) 246 (35.3)

    Augmented with oxytocin 26 ( 7.4) 13 ( 3.7) 39 ( 5.6)

  Induced 51 (14.6) 63 (18.1) 114 (16.4)

Route of delivery – n (%)

  Vaginal 118 (33.8) 112 (32.2) 230 (33.0)

  Cesarean 231 (66.2) 236 (67.8) 467 (67.0)

Type of membrane rupture - n (%)

  Spontaneous 99 (28.4) 85 (24.4) 184 (26.4)

  Amniotomy 54 (15.5) 61 (17.5) 115 (16.5)

  During cesarean section 196 (56.2) 202 (58.0) 398 (57.1)

*
The total number with data on PROM is 697 = 739 enrolled – 24 lost to follow-up – 8 consent withdrawn – 8 patients without delivery data (7 spontaneous

and 1 therapeutic abortion) – 2 patients with missing values for PROM.

†
p=0.040 for the difference in distribution between treatment groups, Cochran-Mantel-Haenszel method, adjusting for study site and enrollment

preeclampsia risk group (prior preeclampsia only, chronic hypertension only, chronic hypertension and prior preeclampsia).
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Table 3
Effect of antioxidants on the incidence of PROM and preterm PROM.*

Treatment

Group Adjusted Risk Ratio
(95.42% Confidence

Interval)†

P-value†

Vit C&E
n/N (%)

Placebo
n/N (%)

Intent-to-treat

PROM 37/349 (10.6) 19/348 ( 5.5) 1.89 (1.11, 3.23) 0.015

Preterm PROM 16/349 ( 4.6) 6/348 ( 1.7) 2.68 (1.07, 6.71) 0.025

Compliant patients‡

PROM 30/296 (10.1) 16/303 ( 5.3) 1.89 (1.05, 3.40) 0.029

Preterm PROM 10/296 ( 3.4) 5/303 ( 1.7) 2.08 (0.72, 6.04) 0.16

*
The total number with data on PROM is 697 = 739 enrolled – 24 lost to follow-up – 8 consent withdrawn – 8 patients without delivery data (7 spontaneous

and 1 therapeutic abortion) – 2 patients with missing values for PROM.

†
Cochran-Mantel-Haenszel method, adjusting for study site and enrollment preeclampsia risk group (prior preeclampsia only, chronic hypertension only,

chronic hypertension and prior preeclampsia).

‡
Patients whose returned pill counts indicated that they received at least 80% of the intended doses from enrollment to delivery or to development of

preeclampsia.
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Table 4
Perinatal Outcomes

Treatment

Outcome Adjusted Risk Ratio
(95.42% Confidence

Interval)*

P-value*

Vit C&E Placebo

Number of infants – N† 350 348

Fetal and neonatal deaths – n
(%)

13 ( 3.7) 15 ( 4.3) 0.94 (0.45, 1.96) 0.87

  Stillbirth 7 ( 2.0) 9 ( 2.6) 0.80 (0.30, 2.17) 0.66

  Neonatal death 6 ( 1.7) 6 ( 1.7) 1.16 (0.37, 3.60) 0.79

Preterm delivery – n (%)

  < 37 weeks’ gestation 96 (27.4) 81 (23.3) 1.17 (0.90, 1.52) 0.23

  < 34 weeks’ gestation 29 ( 8.3) 25 ( 7.2) 1.13 (0.67, 1.90) 0.64

Birth weight (g) – mean ± s.d. 3,018.7 ± 780.1 3,047.2 ± 755.6 −25.1 (−139.8, 89.5)‡ 0.66‡

Low birth weight (<2500 g) – n
(%)

61 (17.4) 61 (17.5) 1.00 (0.72, 1.38) 0.98

Very low birth weight (<1500 g)
– n (%)

20 ( 5.7) 18 ( 5.2) 1.12 (0.60, 2.11) 0.72

Small for gestational age – n (%) 49 (14.0) 48 (13.8) 1.03 (0.71, 1.49) 0.87

Apgar scores – n (%)

  < 4 at 1 minute 15 ( 4.4) 21 ( 6.2) 0.72 (0.38, 1.40) 0.33

  < 7 at 5 minutes 8 ( 2.3) 12 ( 3.5) 0.72 (0.30, 1.78) 0.47

*
Cochran-Mantel-Haenszel method, adjusting for study site and preeclampsia risk group (prior preeclampsia only, chronic hypertension only, chronic

hypertension and prior preeclampsia).

†
Excludes infants of mothers who withdrew consent or were lost to follow-up (n=32), who had a spontaneous or therapeutic abortion (n=8), or who had

missing data for PROM (n=2); denominators vary due to missing responses.

‡
Adjusted mean difference, 95.42% confidence interval, and p-value from analysis of variance adjusting for study site and preeclampsia risk group (prior

preeclampsia only, chronic hypertension only, chronic hypertension and prior preeclampsia).
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