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Importance of selenium before, during, and after pregnancy 
Research Summary 

 

EXECUTIVE SUMMARY 

The risk of two important adverse outcomes of pregnancy  Preterm Birth and Preeclampsia   
may be selenium responsive.  Pregnancy is a dynamic process characterized by an apparent increase  
in maternal utilization of selenium.  Without supplementation, blood levels of selenium progressively 
decline during pregnancy and lactation.  Inadequate selenium status in infants may enhance their 
vulnerability to adverse health outcomes, including bacterial infection (sepsis), impaired neurological 
development, and autism. 

In this executive summary, evidence supporting the importance of selenium to maternal and infant health is 
presented from genetic, observational, and interventional studies.  Genetic studies   the linking of 
particular gene variations with particular health outcomes  can provide useful clues to implicating 
selenium in key mechanistic pathways that contribute to disease.  Observational studies test populations of 
women and infants for associations between selenium status (selenium concentration in blood, hair, or 
toenails) and risk for particular health outcomes.  Finally, interventional studies seek to test whether 
supplementation with selenium can reduce the risk for adverse health outcomes.  Taken together, these are 
the kinds of scientific evidence that will contribute to the ongoing, deepening understanding of the linkage 
between selenium, reproductive and infant health.  This summary is intended to serve as a starting point for 
extending dialogue regarding the adequacy of the conventional thinking about the benefits of selenium in a 
maternal and infant health setting and to provoke the progressive thinking that will inevitably re-shape 
current practice. 

 
 

SUMMARY STATEMENTS  

• Low maternal selenium status is associated with an increased risk of preterm birth.  

• Maternal supplementation with high-selenium yeast has been shown to significantly reduce the risk of 
spontaneous preterm birth. 

• Low maternal selenium status is associated with an increased risk of preeclampsia. 

• Maternal supplementation with high-selenium yeast has been shown to significantly reduce the risk of 
developing preeclampsia. 

• Selenium supplementation of preterm infants may reduce the incidence of life-threatening sepsis. 

• Higher maternal selenium status is associated with improved early neurological development. 

• Preterm birth and low selenium status in children have been associated with autism. 

• Adequate selenium intake may be important in ameliorating the toxic effects of heavy metals,  
such as cadmium, lead, and mercury. 
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Selenium and Preterm Birth 
 
Preterm Birth is defined as gestation of less than 37 weeks.  Descriptive subclassifications include early  
(less than 32 weeks) versus late preterm birth, and spontaneous versus non-spontaneous (induced).  
Spontaneous preterm birth accounts for approximately two-thirds of cases, whereas one-third of preterm  
births are the result of interventions triggered by concerns for fetal or maternal well-being.  The underlying 
reason for a large percentage of spontaneous preterm births is unexplained.  A condition of worldwide 
importance, preterm birth is recognized as the leading cause of neonatal death1 (see Appendix for additional 
information on mechanisms and consequences of preterm birth). 
 

 
 

EVIDENCE FROM GENETIC STUDIES 

• A search for genetic associations with spontaneous preterm births in 43,000 women of European ancestry 
points to the potential role of selenium in reducing the risk of preterm birth.  The study published in the 
New England Journal of Medicine2 showed that one of the three gene variants associated with preterm 
birth was the EEFSEC gene, which encodes for the enzyme that incorporates selenium (in the form of 
selenocysteine) into all human selenoproteins.  This suggests that selenoproteins may mediate key 
processes that serve as critical regulators of healthy gestational length. It follows that disruption of this 
regulation through selenium inadequacy may promote preterm birth.   
 
 

EVIDENCE FROM OBSERVATIONAL STUDIES 

• In an analysis of 1129 pregnant Dutch women, study subjects with the lowest serum selenium levels (less 
than 72.4 micrograms/L) at 12 weeks gestation had more than a two-fold greater risk of subsequent 
preterm birth than women with higher serum selenium levels (Multivariate Odds Ratio, 95% CI = 2.2, 1.2-
3.8).3 

• It is observed in the African country of Malawi, ranked #1 by the World Health Organization (WHO) as 
having the highest global risk of preterm birth approaching 20%4, eighty percent of the population is at 
risk for selenium inadequacy.5 

 
EVIDENCE FROM INTERVENTIONAL STUDIES 

• The possibility that maternal selenium supplementation might reduce the risk of preterm birth has been 
evaluated in a small randomized, double-blind placebo-controlled trial conducted in Iran.6  Compared to a 
placebo group, women who received daily supplementation of 100 micrograms selenium-yeast beginning 
in the first trimester of pregnancy experienced a significant reduction in the risk of preterm premature 
rupture of membranes (PPROM), a major cause of spontaneous preterm births.  Notably, average 
selenium status of the study participants prior to supplementation was 122 micrograms/L, which is 
comparable to the average selenium status of women living in North America.  An increase in average 
serum selenium to 169 micrograms/L in the supplemented women was associated with a 2.5-fold 
reduction in incidence of preterm membrane rupture, compared to the placebo group (p=.01).    
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Selenium and Preeclampsia 
 
Preeclampsia is a syndrome affecting pregnant women characterized by new onset hypertension and 
proteinuria.  Preeclampsia usually occurs in the last trimester of pregnancy and is a recognized risk factor  
for preterm birth.  The syndrome likely represents a collection of different pathophysiological subtypes, 
including those cases in which the clinical signs are driven by the maternal response to inadequate  
placentation (placental preeclampsia) or by an abnormal maternal response to “normal” changes of pregnancy 
(maternal preeclampsia).7  The possibility that the most useful predictors and prevention strategies may 
be subtype-specific is currently being explored and emphasizes the need for personalized approaches.8 
 

 
EVIDENCE FROM GENETIC STUDIES 

• In a study comparing preeclamptic women (n=1139) and controls (n=2269), women with preeclampsia 
were 1.34 times more likely to have a variant of the SELENOS gene, resulting in decreased production of 
selenoprotein S.9  The study was prompted by the discovery that this selenoprotein S gene variant is 
associated with increased levels of circulating inflammatory cytokines, such as TNF-alpha, IL-6, and IL1-
beta.10  An attempt to resolve the genetic factors that drive preeclampsia risk has proven difficult, likely 
due to the heterogeneity of the syndrome.11 

 
EVIDENCE FROM OBSERVATIONAL STUDIES 

• Investigators in the UK compared the selenium status of 53 women with preeclampsia to 53 pregnant 
controls.12  Women with the lowest toenail selenium levels (mean .49 ppm Se) were more than 4 times 
more likely to develop preeclampsia (Odds Ratio, 95% CI = 4.4, 1.6-14.9; p=.001). Notably, toenails were 
collected at the time of preeclampsia diagnosis; these were not pre-diagnostic samples.  But toenail 
selenium levels likely reflect selenium status 3 to 6 months prior to diagnosis.  Among the women with 
preeclampsia, 11 women who had preterm birth had significantly lower toenail selenium levels than the 
42 women who delivered after 32 weeks (p=.029).  

• To investigate the association between selenium status and risk of preeclampsia, data on national 
incidence of preeclampsia and reported average serum selenium levels in 35 countries were compared.13  
Incidence of preeclampsia was based upon 6,456,570 births, including 222,812 preeclampsia cases. 
Increasing plasma selenium concentrations was correlated with decreasing preeclampsia incidence 
(p<.001).  The strength of correlation (Pearson r=-.60) indicates that up to 36% of the between-country 
difference in preeclampsia incidence may be explained by differences in selenium status.  This study also 
provided a comparison of preeclampsia incidence in two countries, Finland and New Zealand, before and 
after governmental fortification of the population’s selenium status in the 1980s.  In Finland, incidence of 
preeclampsia fell 71% from 5.2% prior to fortification to 2.1% after selenium fortification raised average 
serum selenium levels in adults from 68 micrograms/L to 107 micrograms/L.  Similarly, incidence of 
preeclampsia in New Zealand fell 61% from 6.7% prior to fortification to 1.9% after selenium fortification 
that was accompanied by an increase in average serum selenium in adults from 68 micrograms/L to 113 
micrograms/L.  

• An analysis of serum selenium levels at 15 weeks gestation in women from the UK, New Zealand, and 
Australia enrolled in the Screening for Pregnancy Endpoints (SCOPE) trial showed no significant difference 
between 244 women with preeclampsia versus 472 unaffected women matched for body mass index 
(median, 79.0 versus 79.6 micrograms Se/L, respectively).14 
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EVIDENCE FROM INTERVENTIONAL STUDIES 

• The possibility that maternal selenium supplementation might reduce the risk of preeclampsia has been 
evaluated in a small randomized, double-blind placebo-controlled trial conducted in Iran.15  No cases of 
preeclampsia developed in 61 women who received daily supplementation with 100 micrograms of 
selenium-yeast beginning in the first trimester of pregnancy. Preeclampsia developed in 3 of 64 (5%) 
women in the placebo group.  This apparent beneficial effect of selenium supplementation did not reach 
statistical significance, hampered by low statistical power.  The pregnant women in this study receiving 
supplemental selenium had 18% lower depression scores than their placebo counterparts (p<.05).16 

• In a study in China, daily supplementation of 52 women with 100 micrograms of selenium for 6-8 weeks 
during late pregnancy was found to prevent the incidence of pregnancy-induced hypertension compared 
to 48 placebo controls.17  Gestational edema was also decreased with selenium supplementation.  

• In the Selenium in PRegnancy INTervention (SPRINT) study conducted in the UK, 230 pregnant women 
were randomized to receive 60 micrograms of high-selenium yeast daily from the  1st trimester until 
term.18  Selenium supplementation was associated with a significant 70% reduction in the risk of 
developing preeclampsia and pregnancy-induced hypertension (Multivariate Odds Ratio accounting for 
compliance, 95% CI = .30, 0.09-1.0 (p=.049).  Notably, in this study, toenail selenium levels at 16 weeks 
gestation was the strongest predictor of outcome, even stronger than selenium supplementation.  These 
results raise the intriguing possibility that periconceptual micronutrient status (during the first 8 weeks of 
gestation) may be a more important contributor to preeclampsia risk than micronutrient status at later 
time periods during pregnancy.  This is consistent with data from the Danish National Birth Cohort  
in which periconceptual multivitamin use (which included selenium, 50 micrograms/day) significantly 
reduced risk of preeclampsia in normal weight women.19  

 

Selenium Supplementation in Preterm Infants: Potential Health Benefits 
 

• Preterm infants have inadequate selenium stores at birth since the accretion of selenium from the mother 
to the fetus occurs primarily in the 3rd trimester, and the shorter the gestational age, the lower the 
selenium concentration.20 

• A recent review of 18 studies showed selenium supplementation of neonates can reduce clinical 
complications associated with premature births, including reduced hospital stay and costs.21 

• In a small randomized, double-blind placebo controlled trial in a selenium deficient region of India, 
selenium supplementation at a dose of 10 micrograms per day given to very low birth weight preterm 
infants (<1500g or 3.3lbs) completely eliminated culture proven late-onset sepsis (0/45 vs. 6/45, p=.033), 
while also significantly reducing probable sepsis by 56% (i.e., 15.6% vs. 35.6% in control group; p=.02).22  
All-cause mortality at 4 weeks was similar in selenium supplemented and placebo groups, 4.4% and 6.7% 
respectively (p=.65).  

• In addition, selenium yeast has been shown to be an effective form of selenium for enteral 
supplementation of preterm infants, as 5 micrograms selenium per day from selenium-yeast increased 
serum selenium levels from 36 to 44 micrograms/L during the first 14 days postpartum, while serum 
selenium levels declined in the non-supplemented group from 34 to 26 micrograms/L.23 
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Higher Maternal Selenium Status is Associated with Improved Neurological 
Development in Offspring 

 
• Maternal serum selenium levels are inversely associated with neural tube defects 

o Pregnant women giving birth to babies with neural tube defects had significantly lower serum 
selenium levels compared to those giving birth to healthy babies (median 42 micrograms/L 
versus 50 micrograms/L, respectively; p<.02).  In addition, infants born with neural tube defects 
had significantly lower selenium levels compared to healthy newborns (median 26 micrograms/L 
versus 33 micrograms/L in cord blood, respectively; p<.01).24 

o Similar results were found in another study conducted in Turkey.  One hundred mothers of 
neonates with neural tube defects had significantly lower serum selenium levels than a 
comparison group of 70 mothers with healthy neonates (55 micrograms/L versus 80 
micrograms/L, p<.0001).  In this study, mothers of babies with neural tube defects also had 
significantly higher levels of the heavy metals arsenic, lead, and cadmium.25 

• Higher maternal selenium is associated with improved neurological development in infants  
and children 

o Higher maternal selenium levels during 1st trimester of pregnancy were associated with 
significantly higher language and motor skills in 1 yr old infants (p=.005).26 

o In a study of 750 mother-infant pairs from rural Bangladesh, higher maternal erythrocyte 
selenium levels in late pregnancy (week 30 gestation) were positively associated with children’s 
cognitive development at 1.5 yrs of age.  Higher maternal selenium status was associated with 
higher language comprehension, especially in boys, and with higher psychomotor development, 
especially in girls.27 

o A follow-up study of these children in Bangladesh by investigators at the Karolinska Institute 
revealed higher maternal erythrocyte selenium levels in early pregnancy (week 14 gestation) 
were associated with higher cognitive function at 5 and 10 yrs of age.28 

o Deficits in executive function are increasingly recognized in preterm neonates.  In a study of 
executive function in Chinese preterm infants evaluated at 8 months of age, particular deficits in 
executive function seen in preterm infants  namely working memory and inhibition  were 
significantly associated with lower maternal selenium status.29 

o In a study of 927 newborns in Shanghai, China, both low and high umbilical cord blood selenium 
levels were associated with an adverse effect on Neonatal Behavioral Neurological Assessment 
(NBNA) score at 3 days of age.  This U-shaped dose-response between cord blood selenium and 
fetal neurobehavioral development indicated an optimum of 100 micrograms/L.30 
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Selenium and Autism Spectrum Disorder (ASD) 
 
Autism spectrum disorder (ASD) is a neurodevelopmental syndrome with symptom onset before 3 years of age.  
The hallmark of ASD is impairment of social interaction and communicative ability, coupled with restricted  
and repetitive behaviors, and varying degrees of intellectually disability.  Besides a strong male predisposition, 
risk factors include parental age, preterm birth, short interpregnancy interval, and prenatal exposure to 
air pollution.31 
 

 
EVIDENCE FROM GENETIC STUDIES 

• In a study conducted in the USA, investigators evaluated the association between ASD and a variant of the 
GPX1 gene, which encodes for the antioxidant selenoenzyme glutathione peroxidase 1.32  A particular 
variant of the gene was significantly undertransmitted from parents to offspring affected with autistic 
disorder compared to unaffected offspring, suggesting that possession of this allele may be protective for 
ASD.  No consistent abnormality in enzyme activity is associated with this variant.  The difficulty in 
characterizing the shifting genetic landscape of ASD is compounded by the growing recognition that ASD 
phenotypes are not fixed, but instead their severity may be significantly influenced by interventions.33 
 

 

EVIDENCE FROM OBSERVATIONAL STUDIES 

• Twenty children in Ontario with ASD (average age, 4yrs) were found to have 15% lower erythrocyte 
selenium levels compared to 15 healthy age-matched controls (p<.0006).34 

• In a study conducted in Saudi Arabia, 35 children with ASD (average age, 7.2 yrs) had 42% lower 
erythrocyte selenium levels compared to 30 healthy age-matched controls (p<.001).35 

• In a study conducted in Russia, 70 children with ASD had a non-significant 11% lower serum level 
compared to 70 age- and gender-matched controls (p=.39).36  

• In a recent review article, the results of 11 independent studies indicated that ASD cases have disrupted 
glutathione metabolism, leading to consistently lower plasma levels of reduced glutathione.37  Selenium, 
as a component of selenoenzymes, plays an important role in restoring reduced glutathione.  The activity 
of glutathione as an intracellular antioxidant is essential for redox control that promotes normal brain 
development, preventing or limiting the extent of oxidative damage to brain and other neuroendocrine 
tissues. 

• One possible mechanism might be selenium’s ability to counteract heavy metal toxicity 

o In the Russian study described above,47 increased erythrocyte levels of lead (Pb) and mercury 
(Hg) were reported in children with ASD, resulting in a significant decrease in ratios of Se:Pb and 
Se:Hg (p<.001).  Since selenium is known to have neuroprotective effects, in part due to its 
antagonistic effect on mercury, the investigators state their study “indicates the importance of 
selenium for prevention and/or therapy of heavy metal neurotoxicity.” 

o As for how selenium helps to protect against heavy metals, at least one mechanism is selenium 
binding to heavy metals.  For example, mercury binds to selenium with extraordinarily high 
affinity, and mercury has been shown to inhibit selenium-dependent enzyme activities in fetal 
brain.  It appears that increased maternal dietary selenium consumption can preserve selenium-
dependent enzymatic activities, thereby limiting pathological effects.38 Studies have 
demonstrated the binding of complexes of mercury-selenium, silver-selenium, and cadmium-
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selenium in plasma by selenoprotein P, suggesting that selenoprotein P may function as an 
important chelator of heavy metals, limiting their toxicity. 

o Selenium has also been shown to have an antagonistic effect on cadmium, another heavy 
metal.39  In one study conducted in the USA, higher maternal toenail cadmium levels were 
associated with a nearly two-fold increase (p=.13) in intrauterine growth restriction (IUGR), 
defined as fetal weight below the 10th percentile for gestational age.  This relationship between 
cadmium and IUGR strengthened to more than a three-fold increase in women with lowest 
selenium status.  Overall, higher maternal toenail selenium levels were associated with a 
significant reduction in risk for IUGR (73% reduction per interquartile range increase in selenium, 
p=.045).  Median maternal toenail selenium concentration was .97 ppm (IQR, .23 ppm). 

o In a study of community-dwelling Brazilians age 15 to 87 years, people with higher mercury levels 
had lower performance on tests of motor function (p<.01).  Interestingly, the beneficial effects of 
higher plasma selenium levels on motor function were seen most consistently in individuals with 
the highest mercury levels.40  

• Whether maternal selenium supplementation can reduce the incidence of ASD has not yet been studied, 
yet when considering the available evidence, it would be prudent to ensure women desiring to become 
pregnant, or are pregnant, have adequate selenium intake. 

 

 

Consideration of Selenium Form 

• Although the FDA does not recommend a particular form of selenium to be added, a recent review 
indicates that organically bound selenium (e.g., high-selenium yeast, selenomethionine) is better 
absorbed and retained compared to inorganic forms (e.g., selenite, selenate) and, based upon preliminary 
data from adults, standardized high-selenium yeast may offer greater benefits than other forms of 
organically bound selenium.41  For example, women in Finland given 100 micrograms of selenium daily 
from high-selenium yeast during lactation had significantly higher selenium concentration in their breast 
milk than women given the same amount of selenium, but in the form of selenite (p<.03).42 

• Current evidence suggests that selenium from selenium yeast is 1.5 to 2 times more bioavailable than 
inorganic forms, selenite and selenate, which even though they are well absorbed are not retained in the 
body as long as organic selenium.43 

• A direct comparison between the impact of standardized selenium-yeast SelenoExcell® and 
selenomethionine on two urinary markers of oxidative stress (8OHdG and 8-Isoprostane) was made in a 
small randomized intervention trial in men performed by a Pennsylvania State University research team.44  
Nine months of supplementation with SelenoExcell® was associated with a significant decrease in these 
markers of oxidative stress compared to placebo-treated subjects.  Men supplemented with 
selenomethionine did not show a significant decrease in oxidative stress markers. 

• In a study conducted in the USA, selenium status of infants was significantly affected by method of 
feeding (breastfeeding versus bovine milk-based infant formula) and the amount of dietary selenium 
intake.  The authors found no clear-cut superiority between the advantages that were gained through two 
different maternal selenium supplementation strategies, which compared two forms of organic selenium 
(selenomethionine versus selenium-yeast).45  

• Maternal supplementation with high-selenium yeast has been shown to significantly reduce risk for 
preterm birth6 and preeclampsia18; no studies using other organic forms of selenium or using selenite 
have documented this beneficial effect. 
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Optimizing Selenium Intake for Maternal and Infant Health 
Selenium is an essential nutrient functioning through 25 different selenoproteins.  These selenoproteins play 
critical roles in promoting health through antioxidant protection, DNA synthesis, reproduction, thyroid 
hormone production and metabolism, as well as immune function.46  The Recommended Dietary Allowance 
(RDA) for selenium is based on the amount needed to maximize synthesis of the selenoprotein glutathione 
peroxidase, as assessed by a plateau in the activity of GPX3, the isoform of this enzyme found in plasma.47  
Worldwide differences in selenium status reflect significant geographic variations in soil selenium content, 
which limits selenium intake from foods and may lead to inadequate selenium status.  Recommended Dietary 
Allowances (RDAs) reflect nutrient intakes intended to prevent deficiency signs.  Optimizing overall health  
the ambitious aim currently under intense pursuit  is a goal that goes beyond merely side-stepping the 
development of deficiency signs to revealing the level of supplementation required to achieve optimal selenium 
status. 

 

Recommended Dietary Allowances (RDAs) for Selenium  

• The recommendations for dietary selenium intake developed by the Food and Nutrition Board  
at the Institute of Medicine (IOM) appear in Table 1.48 

 

Table 1: Recommended Dietary Allowances (RDAs) for Selenium 

Age Male Female Pregnancy Lactation 
Birth to 6 months 15 mcg* 15 mcg* 

  

7–12 months 20 mcg* 20 mcg* 
  

1–3 years 20 mcg 20 mcg 
  

4–8 years 30 mcg 30 mcg 
  

9–13 years 40 mcg 40 mcg 
  

14–18 years 55 mcg 55 mcg 60 mcg 70 mcg 

19–50 years 55 mcg 55 mcg 60 mcg 70 mcg 

51+ years 55 mcg 55 mcg 
  

* Adequate Intake; mcg:microgram  

 

New FDA Regulations for Selenium in Infant Formulas 

• In June 2015, the US FDA modified the regulations on nutrient specifications and labeling  
for infant formula by adding selenium to the list of required nutrients.49  The regulation now requires that 
infant formulas contain 2 to 7 micrograms of selenium per 100kcal.  This is comparable to the European 
Food Safety Authority (EFSA) recommendation, which set the minimum and maximum selenium levels at 
1 and 9 micrograms of selenium per 100kcal for both infant formula as well as Follow-On Formula,50 and 
aligns with the recommendation made by the Scientific Committee on Food (SCF) of 3 to 9 micrograms of 
selenium per 100kcal infant formula.51 
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APPENDIX: Additional Information on the Mechanisms and Consequences of Preterm Birth 
 

• Problems associated with preterm births include:52 
o Increased mortality 
o Neurological problems (such as learning disorders, including ADHD) 

o Visual impairment 

o Severe infections 

o Respiratory problems (both acute as well as chronic lung disease) 

• Magnitude and Cost of Preterm Births 

o Preterm birth rate is the leading cause of death during the first 4 weeks of life. 
o Preterm birth is second only to pneumonia as the cause of death in children under  

the age of 5 years.53  

o Each year, 15 million infants are born preterm world-wide.  

o Preterm birth rate in the USA is 9.63%, affecting over 382,000 newborns each year.54 

o Preterm birth rate in the USA increases after age 35 and is highest among women age 45-54 
years at more than 23%. 

o In the USA, blacks have the highest preterm birth rate, exceeding 13%. 

o A March of Dimes study conducted in 2007 estimates that on average each preterm birth in the 
USA costs $51.7K.  Annually, preterm births could cost Americans as much as $26.2 billion. 

• How might adequate selenium status reduce preterm births? 

o Helps to maintain antioxidant protection through optimizing key antioxidant enzymes, such as 
glutathione peroxidase (GPx), which in turn can help maintain uteroplacental circulation.  It 
should be noted that in two randomized clinical trials conducted in the USA55 and Brazil,56 
supplementation with vitamin E and vitamin C did not significantly reduce risk of spontaneous 
preterm birth. 

o Helps to optimize immunity so as to help protect against infection which is a major cause of 
preterm birth,8 while also helping to regulate the inflammatory response. 

o Helps to reduce gestational diabetes mellitus as fasting blood glucose concentration has been 
found to be inversely correlated to plasma selenium concentration57 and diabetes mellitus 
increases the risk of preterm births as 17% of babies born to diabetic mothers in the UK were 
preterm as compared to 4-7% in the general population.58   

o Helps to reduce preeclampsia, a known risk factor for preterm birth. 

o Helps to increase heme oxygenase-1 via the selenoenzyme thioredoxin reductase, which is 
vitally important for: 

 Successful placentation 
 Maintenance of uterine quiescence 
 Regulation of hemodynamic control within the uterus and placenta 
 Protection against ischemia-reperfusion injury and preeclampsia 
 Antioxidant protection and anti-inflammatory effects 

o Helps to neutralize effects of environmental pollutants, such as lead, which have been linked to 
preterm births.59 

o Helps to maintain fetal membranes; excess superoxide anion can activate matrix 
metalloproteinase enzymes that favor the degradation of collagen and premature rupture of 
membranes.60,61  
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