
A Role for the Liver in Parturition and Preterm Birth

Anthony R. Mawson, MA, DrPH
Interim Chair, Department of Epidemiology & Biostatistics, School of Public Health, Jackson State 
University, 350 West Woodrow Wilson Avenue, Room 229, Jackson, MS 39213, 601-991-3811

Anthony R. Mawson: amawsn@gmail.com

Abstract

Neither the mechanisms of parturition nor the pathogenesis of preterm birth are well understood. 

Poor nutritional status has been suspected as a major causal factor, since vitamin A concentrations 

are low in preterm infants. However, even large enteral doses of vitamin A from birth fail to 

increase plasma concentrations of vitamin A or improve outcomes in preterm and/or extremely 

low birthweight infants. These findings suggest an underlying impairment in the secretion of 

vitamin A from the liver, where about 80% of the vitamin is stored. Vitamin A accumulates in the 

liver and breast during pregnancy in preparation for lactation. While essential in low concentration 

for multiple biological functions, vitamin A in higher concentration can be pro-oxidant, 

mutagenic, teratogenic and cytotoxic, acting as a highly surface-active, membrane-seeking and 

destabilizing compound. Regarding the mechanism of parturition, it is conjectured that by nine 

months of gestation the hepatic accumulation of vitamin A (retinol) from the liver is such that 

mobilization and secretion are impaired to the point where stored vitamin A compounds in the 

form of retinyl esters and retinoic acid begin to spill or leak into the circulation, resulting in 

amniotic membrane destabilization and the initiation of parturition. If, however, the accumulation 

and spillage of stored retinoids reaches a critical threshold prior to nine months, e.g., due to 

cholestatic liver disease, which is common in mothers of preterm infants, the increased retinyl 

esters and/or retinoic acid rupture the fetal membranes, inducing preterm birth and its 

complications, including retinopathy, necrotizing enterocolitis and bronchopulmonary dysplasia. 

Subject to testing, the model suggests that measures taken prior to and during pregnancy to 

improve liver function could reduce the risk of adverse birth outcomes, including preterm birth.

Introduction

Every year about 15 million babies are born prematurely and over 1 million children die 

each year due to complications of preterm birth. Survivors of prematurity often face a 

lifetime of disability, including learning disabilities and visual and hearing problems; 

furthermore, rates of preterm birth are rising in almost all countries with reliable data.1 

Defined as a pregnancy ending at less than 37 completed weeks of gestation, preterm birth is 

the leading cause of infant mortality in the United States and accounts for one-third of 

deaths in children under one year of age, with an annual societal cost of over $26 billion.2–4
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The occurrence of preterm births rose steadily from 9.4% of all pregnancies in the United 

States in 1981, to 12.8% in 2006, before declining to 12.7% in 2007 and 12.3% in 2008. 

Most of the increase was attributed to increases in multiple gestations. In the United States, a 

pronounced and persistent disparity exists in the rate of preterm birth, with twofold or 

greater increases among women of African descent compared to other race/ethnic groups. 

Even after decades of basic science research and public health initiatives, this disparity 

remains relatively unchanged and unexplained.5

In high-income countries, 80% of stillbirths are delivered preterm, suggesting that preterm 

birth and stillbirth share common pathways and mechanisms.6 Of the 4 million perinatal 

deaths per year worldwide, up to 99% occur in developing countries,7 with the highest 

maternal, fetal, and neonatal mortality rates in sub-Saharan Africa and South Asia.8 Despite 

massive research effort, the causes and mechanisms of preterm birth and stillbirth remain 

uncertain and effective interventions are lacking.

Poor nutritional status is suspected of being a major cause of these problems, since vitamin 

A concentrations are consistently low in preterm infants.9,10 However, even large enteral 

doses of vitamin A from birth do not significantly increase plasma concentrations of vitamin 

A or improve outcomes in preterm or extremely low birthweight infants.11–13 This failure of 

supplemention to correct vitamin A concentrations suggests impaired hepatic mobilization 

and secretion of the carrier protein, retinol-binding protein (RBP); moreover, low retinol 

(vitamin A alcohol) concentrations do not necessarily indicate a state of vitamin A 

deficiency and can be associated with hypervitaminosis A.14

Retinoids

Vitamin A and its congeners (collectively known as retinoids) are mainly dietary-derived fat-

soluble signaling molecules that are stored principally in the stellate cells of the liver, from 

which they are secreted in a regulated process and delivered to the target tissues in the form 

of retinol-binding protein (RBP). In normal physiological concentrations, retinoids are 

essential for numerous biological functions such as cellular homeostasis, embryonic 

development, vision, tissue differentiation, growth, and mucus secretion. In higher 

concentration, retinoids inhibit cell growth and can be pro-oxidant, cytotoxic, mutagenic, 

and teratogenic.15–19 Retinoic acid (RA), the most biologically active metabolite of retinol, 

is produced from free retinol in a process that involves: 1) hydrolysis of retinyl esters in the 

liver and the release of retinol into the circulation and its delivery to the target tissues bound 

to RBP; 2) oxidation of retinol to retinalaldehyde via the action of an alcohol 

dehydrogenase; and 3) synthesis from retinaldehyde via an aldehyde dehydrogenase 

reaction, primarily in the cell microsomes. RA exerts its effects by binding to two types of 

nuclear protein receptors: the retinoic acid receptors (RARs) and retinoid X receptors 

(rexinoids, RXRs), both of which exist as three distinct gene products (alpha, beta, and 

gamma). These receptors are members of the steroid/thyroid superfamily of ligand 

dependent nuclear transcription factors that include the receptors for steroids, thyroid 

hormone, and vitamin D. Following ligand activation, the receptors function as 

heterodimeric transcription factors and control the expression of numerous target genes by 

binding to specific DNA sequences termed RA response elements (RAREs).20,21
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Given that about 80% of vitamin A is stored in the liver, sudden shifts in these stores to other 

tissues due to infection, chronic illness or trauma can result in severe vitamin A poisoning. 

Indeed, an endogenous form of hypervitaminosis A associated with cholestatic liver disease 

is recognized, due to the spillage of stored retinoids into the circulation in bile.22 These 

observations point to the need to reevaluate the role of vitamin A in maternal and child 

health and in preterm birth in particular.

Retinoid Hypothesis of Parturition

Neither the mechanisms of preterm birth nor those of normal parturition are well 

understood. Since a common feature of term and preterm birth is rupture of the fetal 

membranes, understanding the process of membrane rupture could provide important clues 

for that of premature rupture of the membranes (PROM) in preterm birth. Preterm PROM 

(or PPROM) is a leading cause of preterm delivery, accounting for one third of spontaneous 

preterm births23 and is strongly associated with adverse pregnancy outcomes.24,25 

Membrane rupture is related to biochemical changes in collagen structure and formation as 

well as increased oxidative stress,26 involving an imbalance between the synthesis and 

degradation of collagen within the extracellular matrix of the chorioamniotic membrane 

induced by matrix metalloproteinases.27 Pregnancy itself is also associated with oxidative 

stress28 and reduced antioxidant capacity.29

It is proposed that human parturition is due in part to an accumulation of retinoids in the 

liver in the course of pregnancy, resulting in mild inflammatory changes and the progressive 

spillage of stored retinoid compounds into the circulation. At around nine months of 

gestation these compounds have accumulated to the point where they rupture the fetal 

membranes and initiate parturition. It is hypothesized that early disturbances in liver 

function and retinoid metabolism, resulting in exposure of the fetus to excess retinoid 

concentrations, are critically involved in preterm birth and other adverse birth outcomes. 

Vitamin A can be either antioxidant or pro-oxidant, depending on dosage and cellular 

condition. At both excessive and therapeutic doses, acute and chronic vitamin A 

supplementation to laboratory animals leads to increased levels of markers of oxidative 

stress in liver mitochondria and in the substantia nigra and to alterations in locomotor and 

exploratory activity.18,19

Retinoids are essential for the growth and development of the mammalian fetus and 

placenta;30,31 for instance, retinoic acid receptor (RAR)-null mutant mice die in utero or 

shortly after birth and exhibit congenital abnormalities.32 RARs and retinoid X receptors 

(RXRs) also show specific spatiotemporal patterns of expression in all developing systems 

during embryonic development.33 Indeed, the role of retinoic acid signaling in the genetic 

regulation of morphogenesis and pattern formation (fetal embryonic development) is well 

established.34 The associated amniotic membranes are extra-embryonic structures, 

indispensable for normal gestation in mammals. The existence of metabolic and molecular 

pathways of retinoic acid signaling in human fetal membranes is shown by evidence of 

retinoid receptor (RARα, β, γ and RXRα, β, γ) expression at transcript and protein levels 

and by enzyme activity involved in the production of retinoic acid.31
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Natural History of Pregnancy

Retinol in maternal serum declines during pregnancy, increases at parturition and decreases 

again with lactation.35 Retinoids also accumulate in the liver during gestation34 and in breast 

tissue33 in preparation for breastfeeding. It is conjectured that the accumulation of vitamin A 

in the liver during pregnancy induces a mild form of inflammation and cholestasis, resulting 

in impaired secretion of RBP and the spillage of active retinoid compounds into the 

circulation in bile, compounds that are normally be excreted via the duodenum. Retinyl 

esters also leak into the circulation from damaged hepatocytes. The overall result is an 

endogenous form of vitamin A intoxication associated with an increased percentage of 

plasma retinyl esters as a fraction of total vitamin A, as well as increased retinoic acid (RA) 

concentrations. Percent retinyl esters > 10% of total vitamin A (retinol plus esters) is an 

accepted diagnostic criterion of hypervitaminosis A.12 Liver dysfunction can be precipitated 

by high concentrations of circulating and stored retinoids and is known to contribute to an 

endogenous form of vitamin A toxicity through the spillage of retinyl esters and acidic 

biliary metabolites of vitamin A into the circulation.35,36 Bile drains from the liver through 

the gall bladder and common bile duct into the duodenum. In mice, bile contains 

significantly higher concentrations of retinol (about four times higher) than found in serum 

and other extrahepatic tissues.37

It is postulated that retinoids which have accumulated in the liver during the course of 

pregnancy begin to spill into the circulation as a result of mild hepatic inflammation and 

cholestasis. As the concentrations of these retinoids steadily rise they begin to weaken and 

eventually rupture the fetal membranes as a function of their membrane-destabilizing effect, 

thereby triggering the process of parturition at around nine months of gestation. Although 

there are no apparent morphologic changes in the liver during normal human pregnancy, 

functional alterations occur suggesting the presence of inflammatory changes, including a 

doubling of serum alkaline phosphatase activity as well as increases in serum concentrations 

of certain bile acids. These observations led to earlier suggestions that pregnancy is 

associated with sub-clinical cholestasis.38 In mice, dramatic changes occur in the size of the 

liver during pregnancy, whereby livers double in weight from the non-pregnant state to day 

18 of pregnancy. Growth of the fetal mouse liver begins following implantation and peaks at 

parturition.39

With regard to human pregnancy, although little is known about circulating levels of RA in 

the human fetus and newborn, it is suggested that upon reaching a critical concentration 

threshold, presumably around nine months of gestation, RA begins to lyse the fetal 

membranes and induce parturition. Retinol is a highly surface-active, membrane-seeking and 

destabilizing compound. When unbound to protein, it is known to cause the degradation of 

the extracellular matrix of chick limb-bone rudiments via effects on lysosomal membranes 

and the release of lysosomal enzymes.40,41 Vitamin A can also cause hemolysis of 

erythrocytes and result in increased permeability and fluidity.42

The proposed model is supported by a small study of retinol and retinoic acid during 

pregnancy, showing that retinol concentrations were unrelated to those of the active 

derivative, all-trans retinoic acid; serum retinol was lower and essentially constant in 
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pregnant women and parturient mothers compared to that in non-pregnant control women. In 

contrast, all-trans-RA concentrations were higher in the parturient mothers than in control 

subjects, increasing in the third and fourth month of pregnancy to reach a steady state at 

about 40% above the initial concentration; moreover, when all-trans-RA concentrations were 

corrected for changes in binding protein concentrations, i.e., albumin, about a twofold 

increase occurred in all-trans-RA in the second and third trimesters.43

Role of Retinoids in Fetal Membranes

The fetal membranes comprise the inner amnion lining of the amniotic cavity and the outer 

chorion underlying the uterine lining (endometrium). The amnion comprises a single layer 

of epithelial cells surrounded by connective tissue stroma. These membranes are 

fundamental for normal gestation in mammals. Amniotic fluid (AF) is produced by the fetus 

throughout pregnancy, averaging from 500 to 700 ml/day. The fetal membranes are involved 

in the regulation of AF volume and transfer;44 this requires aquaporins (AQPs), a family of 

13 glycoproteins, which facilitate water flux across cellular membranes. The factors thought 

to modulate AQP expression in placental and fetal membranes include some members of the 

nuclear receptor superfamily, e.g., the retinoic acid receptors (RARα, β, γ). RA is reported 

to regulate APQ1, 3, 5 and 9 in other cellular and tissue environments,45 and the RAR 

signaling pathway regulates certain target genes in human amniotic membranes,46 but its 

role in the fetal membranes has remained uncertain. To answer the question of whether RA 

regulates APQs in the fetal membranes, Sapin and colleagues cultured explants and primary 

and established amniotic cells to determine which AQPs were transcriptionally modified by 

all-trans-RA (the most abundant natural form of retinoic acid). Using Immunohistochemistry 

and other methods to determine the impact of all-trans-RA on AQP protein expression and 

function, they showed that the specific transactivation of a single AQP (that is, AQP3) in the 

amniotic environment involves RARα. Only RARα (and not RARγ) was able to transduce 

all-trans-RA signaling on the AQP3 coding gene. These results suggested that upregulation 

of AQP3 by all-trans-RA participates in maintaining amniotic fluid homeostasis across 

human fetal membranes. Consistent with the present hypothesis, Sapin and colleagues also 

concluded that retinoic acid signal dysregulation in fetal membranes could be involved in 

adverse obstetric outcomes.47

Role of Liver Dysfunction and Retinoid Metabolism in Preterm Birth

A healthy liver is essential for reproduction in women. Pregnancy in patients with advanced 

liver disease is uncommon since most women with cirrhosis are infertile and have high rates 

of anovulation; gestation, if it occurs, carries high risks to both mother and fetus such as 

increased rates of spontaneous abortion, prematurity, pulmonary hypertension and 

postpartum hemorrhage. Conversely, after liver transplantation menstruation resumes and 

most women are able to conceive and give birth,48 although the complication rate is high.49 

Here it is suggested that preterm birth and related adverse birth outcomes occur due to liver 

dysfunction, when the concentration of retinoids spilled from the liver exceed a critical 

threshold.
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A central hypothesis of this paper is that liver dysfunction and associated alterations in 

retinoid metabolism – involving the spillage of stored retinoids into the maternal and fetal 

circulations in bile, together with the leakage of retinyl esters from damaged hepatocytes – 

are importantly involved in the pathogenesis of pregnancy complications and adverse birth 

outcomes. It is proposed that liver dysfunction and endogenous changes in vitamin A 

metabolism induce a spectrum of disorders, including early pregnancy loss, birth defects, 

preterm birth, stillbirth, and fetal growth restriction, depending on the concentration of these 

compounds and the timing of exposure of the fetus to retinoids. Maternal liver dysfunction 

itself may be due in part to preexisting conditions such as diabetes, obesity or hypertension, 

or develop in pregnancy associated with gestational diabetes and/or preeclampsia, due to 

hyperestrogenemia, which can lead to cholestatic liver dysfunction.50

Membrane Rupture and Parturition

With regard to the mechanism of preterm birth, it is proposed that cholestatic liver 

dysfunction and associated increases in circulating concentrations of retinyl esters and/or 

retinoic acids rupture the fetal membranes, inducing preterm birth and the characteristic 

features of the preterm infant, including retinopathy, necrotizing enterocolitis, and 

bronchopulmonary dysplasia. The process leading to preterm birth is conjectured to begin 

with the accumulation of excess retinoids in the liver in early pregnancy due to 

hyperestrogenemia, following a signal from the conceptus. Pregnancy increases the 

sensitivity of the bile ducts to estrogen, and cholestasis often develops during the second and 

third trimesters of pregnancy.51 The presence of liver dysfunction is increasingly evident in 

the progression of preeclampsia to more severe pregnancy-related disorders such as HELLP 

syndrome (Hemolysis, ELevated liver enzymes, and Low Platelet count). Abnormal liver 

tests are reported in 10% of pregnancies overall, suggesting reduced liver metabolic capacity 

in late pregnancy,52 but conventional liver enzyme tests underestimate the true extent of liver 

dysfunction.53

The association between liver dysfunction and preterm birth is well documented. For 

instance, women diagnosed with alcoholic liver disease before birth have an increased risk 

of preterm birth and of delivering infants small-for-gestational age.54 Total bile acids are 

also associated with preterm delivery.55 After the 12th week of pregnancy, phospholipids, 

cholesterol and triglycerides increase in response to estrogen stimulation and insulin 

resistance. Although maternal hypertriglyceridemia appears to have some positive effects, it 

also increases risk of preeclampsia and preterm birth and may have a role in increasing 

cardiovascular risk later in life.56 Consistent with the retinoid hypothesis, 

hypertriglyceridemia is associated with hypervitaminosis A57 and is a frequent complication 

in the therapeutic use of retinoic and acid retinoid derivatives.58 In a study of women with 

preeclampsia, those who delivered preterm had significantly greater liver enzyme 

concentrations than those who delivered at term.59 Menon et al.60 studied metabolic changes 

associated with early spontaneous preterm birth (<34 weeks) using high-throughput 

metabolomics of amniotic fluid (AF) retrieved by transvaginal amniocentesis at the time of 

labor prior to delivery in an African American population that included a control group of 

women who delivered at term. They found evidence of altered liver function in many 

cytochrome P450-related pathways including bile acids, steroids, xanthines, heme, and 
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phase II detoxification of xenobiotics. The largest fold change was in pantothenol, a CoA 

synthesis inhibitor that was 8-fold more abundant in preterm birth samples. Several bile 

acids and their metabolites were elevated in preterm birth samples, inversely related to 

gestational age, including glycocholate, taurocholate, taurochenodeoxycholate, 

taurodeoxycholate, and glycodeoxycholate. High circulating levels are known to cause fetal 

stress. Bile acid metabolism, secretion from liver, and liver reuptake can be disrupted by 

hormonal changes associated with cholestasis in pregnancy.61 The hypothesis that alterations 

in liver function and retinoid metabolism are associated with complications of pregnancy 

and adverse birth outcomes was supported by the results of an animal study carried out by 

the author and colleagues. The drug streptozotocin was administered to rats early in 

pregnancy to create an animal model of gestational diabetes and preeclampsia.62 Pup 

weights of the experimental rats were significantly lower than those of controls (μ= 4.6 g vs. 

1.4 g, p < 0.05), indicating intrauterine growth restriction. Retinoid profiling indicated that 

retinol concentrations in the experimental dams were significantly lower than in controls. On 

the other hand, consistent with the model, the percentage of retinyl esters >10% (an 

indicator of retinoid toxicity) was significantly increased (median, 24% vs. 11%; p = 0.008), 

as was the concentration of retinoic acid (median, 0.0155 vs. 0.0075 μmol/L; p = 0.045). 

Liver enzyme levels were also significantly elevated.

Complications of Preterm Birth

The proposal that preterm birth is associated with an endogenous form of hypervitaminosis 

A suggests that the characteristic and usually combined complications of prematurity, e.g., 

retinopathy, necrotizing enterocolitis and bronchopulmonary dysplasia, are themselves due 

to hypervitaminosis A. In the case of retinopathy of prematurity, both prenatal and postnatal 

exposure to isotretinoin (13-cis-retinoic acid, a synthetic vitamin A derivative used in the 

treatment of severe acne) is known to cause retinopathy and optic nerve abnormalities.63 

Retinoic acid also contributes to light-induced retinopathy in mice via mechanisms that may 

include plasma membrane permeability and mitochondrial poisoning, leading to caspase 

activation and mitochondria-associated cell death.64 Necrotizing enterocolitis (NEC), an 

inflammatory intestinal disorder primarily seen in premature infants, is characterized by 

variable damage to the intestinal tract ranging from mucosal injury to full-thickness necrosis 

and perforation.65 Although no direct link between retinoid exposure and NEC has been 

described, adverse side effects attributed to isotretinoin include inflammatory bowel disease 

as well as depression, suicidality, and teratogenicity.66

Bronchopulmonary dysplasia (BPD) of the preterm neonate is similar to emphysema of the 

adult lung in that both are characterized by increased airspace and respiratory insufficiency. 

They are also strikingly similar in their pathophysiology, including the precipitating effect of 

oxidative stress, chronic inflammation, increased apoptosis, protease-antiprotease 

imbalance, elastic fiber deterioration and altered microvascularization.67 In both diseases 

there is evidence of low vitamin A concentrations, which have been hypothesized to indicate 

vitamin A deficiency. However, it has been suggested here that while vitamin A (retinol) 

concentrations in preterm neonates are low, due to cholestatic liver dysfunction and impaired 

hepatic mobilization, other vitamin A metabolites are spilled or leaked into the maternal and 

fetal circulation and induce the characteristic features of the preterm neonate, including 
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bronchopulmonary dysplasia. In support of this hypothesis, maternal vitamin A 

supplementation during pregnancy and lactation increases oxidative stress parameters in rat 

neonatal lungs, effects that may be involved in conditions associated with redox 

dysfunctions and free radical-induced cell damage.68 Oxidative stress is caused by an 

imbalance between the production of free radicals and the ability of antioxidant system to 

detoxify them. These conditions are known as oxygen radical diseases of neonatology and 

include bronchopulmonary dysplasia, retinopathy, and necrotizing enterocolitis.69

Thrombocytopenia and anemia are also commonly seen in the preterm infant; for instance, 

thrombocytopenia occurs in up to a third of preterm neonates admitted to intensive care 

units.70 Anemia (hemoglobin < 10.5 g/dL) is likewise strongly associated with intrauterine 

growth restriction and prematurity.71 Consistent with the model, hypervitaminosis A in 

infants causes severe thrombocytopenia and anemia, which may be due to a direct inhibitory 

effect on the growth of all bone marrow cellular components, mediated by the upregulation 

of cyclin-dependent kinase inhibitors.72

Conclusion

In 1953 Peter Medawar raised the question: “How does the pregnant mother contrive to 

nourish within itself, for many weeks or months, a fetus that is an antigenically foreign 

body?”73 In other words, why does the mother fail to reject her fetus as a foreign piece of 

tissue? The suggestion offered here is that the mother does not reject, or rather eject the 

fetus, normally at around 37 weeks of gestation, as the result of a biochemical rather than an 

immunological mechanism. Parturition at term is hypothesized to represent an active process 

of “rejection of the fetus” associated with the hepatic accumulation and spillage of stored 

retinoids due to mild liver dysfunction, which progressively weaken the fetal membranes 

until they rupture at around the ninth month of gestation. Based on this template for 

parturition at term, it has been proposed that spontaneous preterm birth is similarly due to 

more severe liver dysfunction and retinoid concentrations that exceed the threshold for 

inducing rupture of the fetal membranes before 37 weeks of gestation.

The model could be tested by determining whether 1) preterm newborns have significantly 

lower serum retinol (ROL) concentrations than term newborns, but higher concentrations of 

retinoic acid (RA), a higher percent retinyl esters (RE), and a higher RE:ROL ratio; 2) 

mothers of preterm newborns have higher liver enzyme levels than mothers of term 

neonates; and 3) an increased percentage of REs as a fraction of total serum retinol (> 10%) 

is a strong predictor of preterm birth. Subject to further testing in prospective studies, 

periodic monitoring of changes in maternal retinoid profiles throughout pregnancy could 

provide a biomarker for the early identification of impending adverse birth outcomes, which 

could be useful in prevention. Approaches to the management of pregnancies resulting in 

preterm birth and its complications suggested by the retinoid toxicity hypothesis could 

involve the adoption of measures taken prior to and after conception to improve liver 

function through dietary and lifestyle changes.
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Figure 1. 
Retinoid toxicity model of adverse birth outcomes
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