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Abstract

The placenta is a key organ in programming the fetus for later disease. This review outlines eight 

of many structural and physiological features of the placenta which are associated with adult onset 

chronic disease. 1) Placental efficiency relates the placental mass to the fetal mass. Ratios at the 

extremes are related to cardiovascular disease risk later in life. 2) Placental shape predicts a large 

number of disease outcomes in adults but the regulators of placental shape are not known. 3) Non-

human primate studies suggest that at about mid-gestation, the placenta becomes less plastic and 

less able to compensate for pathological stresses. 4) Recent studies suggest that lipids have an 

important role in regulating placental metabolism and thus the future health of offspring. 5) 

Placental inflammation affects nutrient transport to the fetus and programs for later disease. 6) 

Placental insufficiency leads to inadequate fetal growth and elevated risks for later life disease. 7) 

Maternal height, fat and muscle mass are important in combination with placental size and shape 

in predicting adult disease. 8) The placenta makes a host of hormones that influence fetal growth 

and are related to offspring disease. Unfortunately, our knowledge of placental growth and 

function lags far behind that of other organs. An investment in understanding placental growth and 

function will yield enormous benefits to human health because it is a key player in the origins of 

the most expensive and deadly chronic diseases that humans face.

INTRODUCTION

One of the most important findings gleaned from recent epidemiological research across the 

globe is that placental phenotype predicts post-natal disease in offspring. Scientist have long 

known that the fetus depends on the placenta to acquire its nutrients for growth. For the past 
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twenty-five years it has been recognized that fetal growth itself is an independent predictor 

of adult-onset disease. Since the placenta regulates the flow of nutrients from the mother to 

the fetus, most placental biologists assume that it must also play a role in determining 

disease risk in the adult life of the offspring.

There is ever-increasing evidence that the host of biological mechanisms that regulate 

placental growth and development also serves as causative agents for programming of 

chronic disease[1]. This article introduces eight out of many placental features that are 

associated with the programming of the fetus for later disease and outlines remaining gaps in 

knowledge regarding the links between epidemiological associations and their biological 

causes.

1) Placental Size and Efficiency

There are a number of adult disease conditions that are associated with placental size such as 

heart failure[2] and hypertension[3]. However, placental size and mass are crude measures 

of function, hence additional insight into the efficacy of overall placental function can be 

learned by comparing placental weight to fetal weight. Thus, various combinations of 

placental and fetal growth patterns offer insight into the developmental mechanisms that lead 

to disease in later life well beyond the predictive value of either birthweight or placental 

weight alone. Consequently, the concept of “efficiency” of the placenta has become useful. 

Efficiency is defined as the ratio of placental weight to fetal weight at any given stage of 

gestation, but is usually applied at term [4]. By custom, Europeans tend to use the placental 

weight to fetal weight ratio to define efficiency whereas North Americans more often use the 

inverse. So if the placenta is 15% of the fetal weight, the fetus is therefore 6.7 times heavier 

than the placenta. Either way, efficiency indicates how much fetal mass has accumulated for 

every gram of placenta. For example, if two 3,000 gram term babies are born with placentas 

that weigh 450 grams and 900 grams respectively, the former placenta is deemed twice as 

efficient as the latter.

While the concept of efficiency has become a useful tool for biologists who study fetal 

programming it should be stated up front that it does not much insight into the regulation of 

placental or fetal growth. However, it does provide a measure of integrated placental 

function over gestation. Several studies have linked placental efficiency to disease outcomes 

in offspring. Martyn et al [5], showed that among men in Sheffield, UK, placental weight 

expressed as a percentage of fetal weight produces a “U” shaped curve. Figure 1 shows that 

the highest risks for coronary heart disease were found in pregnancies characterized by 

placentas that were less than 15% of birthweight, or were greater than 22% of the fetal 

weight [5]. Thus, both high efficiencies, at the 15% end of the scale, and low efficiencies at 

the 22% end of the scale, were associated with elevated risks for heart related deaths.

The use of proxy markers of efficiency is also helpful, such as the ratio of a dimension or 

area of the delivered placenta to fetal weight. For example, the area of the delivered placenta 

as a percentage of birthweight was associated with a 2.5 fold risk for sudden cardiac death 

among women in the Helsinki Birth Cohort but not in men [6].
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The concept of placental efficiency is an artificial construct which is influenced by complex 

biological factors that directly affect placental mass and underlie the transport function 

required for fetal growth. Nevertheless, placental efficiency is at best a crude marker of the 

environmental conditions in which a population of pregnant women was exposed. Recent 

data demonstrate that average placental efficiency within a population can change across 

time. In one Saudi population, the average placental weight increased by 120g in less than 

10 years without a change in the average birthweight of ~3.25 kg [7]. Thus, on a population 

basis, the average placenta became less efficient for this group over a single decade.

The changing efficiency suggests that the growth patterns of placentas in a given population 

can be altered by the surrounding nutritional environment and perhaps other unknown 

biological factors that could affect women in the population. Other features of the 

environment such as shifts in the constituent microorganisms that constitute the maternal 

microbiome, might also play a role. Such variations in the maternal microbiome could also 

reflect dietary changes [8]. This aspect of placental biology needs further investigation. The 

determinants of placental efficiency will remain in the realm of speculation until the 

biological mechanisms that determine placental growth and related transport functions are 

found. This was nicely shown in a published discussion of fetal growth regulation [9].

Placental efficiency is also interesting in light of differences in growth strategies between 

male and female fetuses. Males tend to invest less in placental mass for the degree of fetal 

weight at birth and thus have more efficient placentas than do females who invest more in 

placental tissue for a given mass of fetus that accumulates at term [10, 11].

2) Placental Shape

If a placenta is not perfectly round at delivery, it can be described via its longest axis and a 

perpendicular short axis. These two axes, length and width, were measured on all delivered 

placentas in Helsinki hospitals for half a century and similar measurements were also 

recorded in The Netherlands, India and Saudi Arabia. These records now allow us to relate 

placental size and shape to fetal growth and disease conditions among adults (Table 1).

Although length and width generally correlate as expected [16], what is unexpected is that 

often one dimension, but not the other is associated with a particular disease outcome or 

condition. The specificity associated with the predictive value of disease provided by only a 

single placental axis has been previously reviewed [17] [18], but a few examples will suffice 

to make the point. In Riyadh, Saudi Arabia, the width of the delivered term placenta but not 

its length was associated with offspring birthweight and head circumference [16]. This effect 

was observed most strongly in short mothers. Birth weight increased by 125 g for every cm 

increase in placental width (95% confidence interval 88 – 162, p < 0.001), but only by 20 g 

per cm increase in each cm of placental length (95% CI, 13 to 53, p = 0.2). Thus placental 

growth in one placental dimension was more highly associated with fetal growth than the 

other. Similarly, in babies born to mothers in Helsinki who had preeclampsia, it was the 

width of the placenta, but not its length that was most highly associated with the severity of 

the disease [12]. In a separate study, short placental length but not width was associated with 

lifespan in 1200 men in the Helsinki Birth Cohort [19]. Changes in placental shape may also 
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occur following a severe reduction in placental capacity; this is discussed in more detail in 

the “Placental Plasticity” section below based on studies in the non-human primate.

The differing biological roles of length and width in the placenta remain unexplained. If the 

placenta begins as a perfectly round structure, there is no length or width, just a single 

diameter. One would also expect that the placental axes would grow together and at the same 

rate so that the placenta would maintain a round shape over the whole of the gestational 

period. However, among some 6,000 deliveries, the average dimension of placentas in the 

Helsinki Birth Cohort was about 2.6 ± SD 2.0 cm longer than wide (range, 0–21 cm) 

(unpublished). Because differences in dimension appear to have biological meaning, many 

questions arise. Are the growth rates of the axes independently regulated? If so, what are the 

biological mechanisms that drive growth in different directions and why is an asymmetrical 

placenta more likely to predict disparate factors like the rate of fetal growth, male lifespan 

and offspring disease? These questions are ripe for study.

Finding strategies to study the regulation of placental shape is not easy. However, we offer 

two suggestions for low hanging fruit. 1) Serial measurements of placental size, shape and 

mass across the whole of gestation. This can be done in a non-invasive study using state of 

the art ultrasonography. 2) There are animal models where nutritional or restriction of blood 

flow patterns are associated with changes in shape. Using such models, we should be able to 

determine the temporal and spatial features that are associated with asymmetrical growth of 

the placenta. See the discussion of placental shape in the non-human primate study below.

3) Placental Plasticity

The degree to which the placenta is able to alter its growth trajectory according to the 

availability of nutrients has not been well studied. However, it has long been known that 

farmers have learned to vary the nutrition of ewes in order to deliver larger lambs at birth 

[20]. Farmers would reduce the nutrient intake of previously well-fed ewes in the first few 

weeks of pregnancy by placing the pregnant sheep on poor pasture to stimulate rapid 

placental growth and expansion of its vasculature. When returned to a lush pasture, the fetus 

would then grow to a larger size with the support from its newly enlarged placenta. There 

are parallels in the human.

Several species of non-human primates have two implantation sites that give rise to primary 

and secondary placental lobes that are connected by bridge vessels [21]; this arrangement 

occurs rarely in humans too. The accommodation of the primary lobe following functional 

loss of the secondary lobe following ligation of the bridge vessels provides clues to growth 

responses and limitations of placental adaptation. The responses to ligation of the bridge 

vessels has been studied in the rhesus monkey at 80 days (0.47 gestation) and at 110 days 

(0.67 gestation), where term is 167 days [22]. In these studies, near term fetal growth was 

nearly normal in the early ligation group but reduced in the older 110 day group, thus 

demonstrating early but not late gestation plasticity. In the early ligation group, the 

functional primary lobe was, on average, heavier and thicker than controls, having grown 

nearly twice as fast as normal in response to ligation. The rapid growth of the lobe was 

associated with a change in the length to width ratio compared to control or late ligation 
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lobes (1.25 vs. 1.08). Compensatory growth was, thus, more rapid in one direction than the 

other.

Ligation at 0.67 gestation produced a very different primary lobe compared to lobes of 

control unligated placentas or late ligation placentas. In the late gestation ligation group, 

primary lobes grew at only half the normal rate, indicating a greatly diminished adaptive 

growth and not surprisingly, fetal growth was negatively impacted. These experiments 

demonstrate the obvious: fetal growth depends on an adequate placenta. But more 

importantly, the experiments demonstrate that the primate placenta loses its capacity for 

robust compensatory growth at some point early in the second half of gestation. The data 

further show that the shape of the placenta can be modified by changes in nutrient 

availability, supporting the idea that changes in shape within a specific population is 

influenced by the nutrition environment. The ligation experiments suggest that failure to 

mount a robust response to external insults can lead to placental insufficiency and fetal 

compromise.

4) Integration of Placental Signaling and Lipid Transport

A key function of the placenta is to transport maternal nutrients to the fetus, a function that 

can be dramatically altered through changes in signaling pathways. One might assume that 

signaling conditions which lead to suppression of transport systems would have detrimental 

effects on fetal growth and alter lifelong disease risks. The interactions among pathways 

within the placenta are known to respond to changing environments including maternal 

obesity, maternal nutrient delivery to the placenta, maternal cortisol levels and hypoxia. 

Studies by Jansson and colleagues [23] are examples of investigations into signaling 

pathway interactions that integrate the actions of several systems. Unfortunately, there are 

few studies that pursue this purpose in the placenta.

The interplay between signaling systems is important, highly complex and beyond the scope 

of this review. Over the past two decades, tremendous progress has been made in 

understanding the regulation of glucose and amino acid transport. These have been recently 

reviewed [24–27]. However, one class of molecule in the signaling field is just now 

receiving adequate attention: lipid molecules. Recent data show that maternal lipid profiles 

are important as determinants of fetal growth and thus as programming agents [28]. Lipids 

affect placental metabolism and are required for normal fetal growth. Deficits in supply of 

long chain polyunsaturated fatty acids (LCPUFA) due to an inadequate diet have 

pronounced detrimental effects on the maturing fetal organ systems. The brain and 

cardiovascular systems especially require substantial amounts of maternally acquired 

LCPUFA in late gestation for normal development [29, 30]. For the cardiovascular system, a 

deficient perinatal supply of LCPUFAs leads to hypertension in the adult [31, 32]. Thus, the 

developing fetal brain and cardiovascular systems depend heavily on the placental supply of 

LCPUFAs and omega-3-PUFAs.

In addition to their necessity for normal fetal development, fatty acids are critical for normal 

placental function. Fatty acids and LCPUFA in particular, are potent stimulators of the 

retinoid X receptor (RXR) and peroxisome proliferator activated receptor (PPAR) nuclear 

pathways [33, 34], two pathways that are indispensable for normal placentation and 
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trophoblast function [35]. LCPUFA influence the antioxidant capacity of the placenta via 

nuclear factor erythroid type 2 (NRF2 / NF-E2), a master regulator of antioxidant gene 

expression. Roles for LCPUFA in anti-inflammatory pathways include direct stimulation of 

mediators produced via COX2 [36, 37] and being ligands for GPR120 which suppresses 

inflammation [38]. These additional roles also have implications for fetal development 

especially in pregnancies complicated by oxidative stress, inflammation and gestational 

diabetes [39–41]. Maternal supplementation with LCPUFA has beneficial effects [42], but 

may not ameliorate poor fetal outcomes in high-risk pregnancies [43], suggesting these 

outcomes are due to dysfunctions placental transport rather than disruptions in maternal 

supplies. Low fetal LCPUFA levels will likely become more common as the prevalence of 

maternal obesity and diabetes continues to rise [44]. The role of placental lipoprotein lipases 

in releasing fatty acids has been nicely documented [45] and an interaction between 

unsaturated fatty acids and amino acid transport has been clearly demonstrated [46]. 

However, the exact mechanisms by which lipids are transported and stored have yet to be 

determined. Data from our laboratory suggest that the cytotrophoblast is as important as the 

syncytiotrophoblast in regulating lipid storage [47]. Thus, there may be many additional 

lipid based signaling pathways within the tissues of the placenta that are yet to be 

discovered.

5) Placental Inflammation

Placental inflammation can arise from several causes. The most well-known is in response to 

an invading infectious agent. In addition, it is becoming increasingly evident that abnormal 

maternal metabolic status can stimulate inflammatory processes in the placenta without an 

infectious agent being present. Radaelli et al., showed that among the 400 plus gene 

transcripts modified in women with insulin dependent glucose control in the 3rd trimester, 

stress-activated and inflammatory response genes represented some 18% of regulated genes 

[48]. Interleukins, leptin, and tumor necrosis factor-alpha receptors were upregulated and 

their downstream molecular adaptors were prominently changed. Changes in genes 

regulating extracellular matrix components and angiogenic processes underlie structural 

reorganization of the placenta in diabetic women. In a comparison study, Enquobahrie et al., 

reported similar trends but with additional pathways and clusters that suggest a host of 

changes that go beyond inflammation [49]. These studies illustrate the high degree to which 

maternal metabolic disease is influential in determining placental form and function.

Women with low muscle mass, who themselves often had low birthweight, have low rates of 

protein turn-over [50, 51] and abnormal placental amino acid transport properties [51]. In 

addition, thinness in pregnant women is associated with a pro-inflammatory gene expression 

pattern with increased levels of interferon gamma and associated pathways but not with 

granulocyte or monocyte infiltration [52]. Thus, such placentas are not inflamed using the 

classical definition of “hot” inflammation that is characterized by immune cell infiltration. It 

appears that the field of placentology would benefit from new definitions of inflammation 

that would indicate the various levels of inflammatory responses that represent different 

physiological, pathological and gene expression states. The need to recognize different 

presentations of inflammation has been at least superficially addressed in the field of cancer 

[53]. We speculate that when placentas have “smoldering” inflammation, various fetal 
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functions are affected that lead to fetal programming and enduring pro-inflammatory 

processes that last well into postnatal life. Figure 2 illustrates how hypothetical increases in 

inflammation and oxidative stressors in the womb could work in tandem to cause lifelong 

pro-inflammatory states in the fetus. The field of placentology is ripe for new, broadly 

agreed upon definitions of inflammation based not only on histological markers but gene 

expression patterns as well.

6) Placental Insufficiency

Placental vascular insufficiency can stem from an anatomically inadequate placenta, poor 

vascular development, or chronically decreased uterine or umbilical blood flow, all of which 

lead to inadequate oxygen and substrate flow to the fetus. The negative consequences of 

placental insufficiency are multifactorial and include, but are not limited to diminished 

substrate delivery leading to fetal growth restriction. Increased oxidative stress, increased 

cytokine production and associated inflammation, altered endocrine status and changes in 

epigenetic signaling may further compound the long term programming effects of placental 

insufficiency. The importance of robust placental blood flow and a functional vasculature in 

animal models of placental insufficiency are reviewed elsewhere [54, 55]. Decreased 

umbilical artery blood flow velocity is associated with smaller terminal villi [56] and 

reduced trophoblast and capillary volumes [57] which contribute to decreased nutrient 

supply to the fetus. In the face of decreased nutrient supply, the fetus will curb growth and 

redistribute cardiac output; even those organs thought to be somewhat “protected” may still 

be compromised and make other adaptations [58–60]. For more vulnerable organs such as 

the kidney, liver and pancreas, the programming effects of placental insufficiency on 

nephron number, hypertension, and metabolic disease have been well documented [61–66]. 

Yet, there are basic questions that remain unanswered. Under what circumstances do the 

vascular elements of the placenta fail to grow and expand as gestation proceeds? What are 

the processes that lead to the appropriate microvascular development required to maintain 

the low resistance status of the placenta? Is it possible to stimulate new growth in 

undergrown placentas to reverse the condition of placental insufficiency?

7) Maternal Phenotype

While birthweight remains a reliable indicator of fetal growth and future disease risk, 

additional associations with adult-onset disease have been discovered. Among people in the 

Helsinki Birth Cohort, phenotypic features reflecting maternal body composition in 

combination with placental phenotypic features are now known to be important predictors of 

long term disease risk. This is especially true for cardiovascular disease. The primary causes 

of cardiac death include coronary artery occlusion (myocardial infarction), heart failure and 

sudden cardiac death (ventricular fibrillation). In each case, placental phenotype is related to 

the risk for the condition. However, the predictive value of the placenta is further enhanced 

by knowing more about the body type of the mother. Particularly important are maternal 

body mass index, height alone or pelvic dimensions.

Three combinations of placental/maternal phenotype predict coronary disease among men, 

but not women in the Helsinki Birth Cohort. In all three, a low ponderal index of the 

newborn predicted the disease. One maternal-placental combination was in women who 
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were below the median in height and two were in women above the median height with 

either a high or low body mass index. In the short women, the hazard ratio for coronary heart 

disease was 1.14 (95% confidence interval, C.I. 1.08–1.21, p=0.0001) for each cm difference 

in the length and width. In the tall women with a high body mass index, the ratio was 1.25 

(C.I. 1.10–1.42, p=0.0007) per 40 cm2 decrease in surface area. In the tall mothers with a 

BMI that was below the median, the ratio was 1.07 (C.I. 1.02–1.13, p=0.01) per 1% increase 

in the placental weight/birthweight ratio. Interestingly, coronary heart disease in women was 

not predicted by placental growth in this cohort. In first born women only, a 1kg increase in 

birthweight was associated with a 25% lower risk for coronary disease (HR 0.75 C.I. 0.60–

0.93, p=0.008).

In the Helsinki Birth Cohort, heart failure was associated with a small placental surface area. 

In people born to mothers of below median height and a placental area less than 225 cm2, 

the odds ratio for chronic heart failure was 2.3 (1.2–4.2, p=0.05), compared with people 

born with a placental area greater than 295 cm2. In the same cohort, sudden cardiac death 

was associated a thin placenta, the only known disease association with placental thinness. 

The hazard ratio was 1.47 (C.I. 1.11–1.93, p=0.006) for each g/cm2 decrease in thickness. 

These findings raise interesting questions. Does a woman’s body type affect the form and 

function of the placenta or do placentas of a particular phenotype affect maternal physiology 

in a specific way? At present, we know little about the determinants of placental growth and 

its interaction with the maternal body. This gap in knowledge presents an important 

opportunity for clever new approaches to placental biology.

8) Placental Hormone Production

Placental production of growth hormone (GH-V), human chorionic somatomammotropin 

(CSH), corticotropin-releasing hormone (pCRH), 11β-hydroxysteroid dehydrogenase type II 

(11β-HSD2) and thyroid hormone are all important for maintaining a normal pregnancy and 

supporting normal fetal growth. However, the degree to which these hormones cause 

programming effects in the offspring has not been well studied. Herein we suggest that 

IGF-1, glucocorticoids and thyroid hormone are linked to fetal growth and long term 

outcomes.

IGF1 and IGF2 are both important as growth factors in fetal and placental development. 

Both are synthesized in macrophages and endothelial cells throughout gestation (Hien et al., 

J Anat. 2009 Jul; 215(1): 60–68). The fetus relies on insulin-dependent IGF-1 secretion, 

which ensures a direct linkage between nutrient availability and growth [67]. This is in 

contrast to infants who switch to GH regulation to reach their adult growth potential. 

Maternal under- and over-nutrition result in obesity in adult offspring coexisting with 

hyperinsulinemia even after postnatal catch-up growth. IGF-I is an important regulator of 

growth and the somatotropic axis is significantly dysregulated by maternal malnutrition [68]. 

Treatment with IGF-I postnatally has been shown to decrease systolic blood pressures, 

insulin concentrations and retroperitoneal fat pads in fetal growth restricted (FGR) offspring 

[69]. Additionally, GH sensitivity is decreased in FGR offspring, further supporting that fetal 

growth and programming are associated with the anabolic actions of GH in response to a 

poor postnatal nutritional environment [70].

Thornburg et al. Page 8

Placenta. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The IGF2 gene strongly influences placental growth; under conditions where placental size 

is reduced, such as fetal growth restriction, its placental expression is also reduced [71]. If 

IGF2 is deleted from fetal and placental tissues the mouse placenta has a reduced 

labyrinthine nutrient exchange area and a loss of glycogen cells in the junctional zone [72]. 

The H19 gene normally silences the IGF2 gene. When the H19 gene is deleted, the IGF2 

gene is upregulated stimulating a selective increase in the labyrinthine zone which allows a 

greater area for nutrient exchange[72, 73]. The changes in placental growth related to 

changes in IGF2 gene expression are reflected in nutrient flux to the fetus and thus, fetal 

growth.

Epigenetic modification of the glucocorticoid system has been shown to be developmentally 

sensitive in several organ systems. Human studies have shown that elevated prenatal stress 

correlates with abnormal fetal brain development [74]. Glucocorticoids are required for 

tissue maturation and organ development, especially in lungs and heart. However, FGR as 

well as subsequent cardiovascular and metabolic alterations in the adult life can occur with 

supra-physiologic levels of glucocorticoids [75, 76]. Since cortisol is known to inhibit fetal 

growth, the placenta protects the fetus from exposure to even normal maternal levels of 

cortisol. To maintain lower physiologic levels of fetal cortisol, placental 11β-HSD2 acts to 

buffer these negative effects of cortisol by catalyzing reactions to promote the inactive 11-

keto forms. 11β-HSD2 is expressed in cytotrophoblasts during the first trimester and in 

syncytiotrophoblast as gestation progresses [77]. Placental expression and activity of 11β-

HSD2 are decreased in FGR, fetal hypoxia, chorioamnionitis, and maternal protein 

restriction [78]. Glucocorticoids have long been shown to be a major programming agent for 

adult disease. The placenta plays an integral role in coordinating both placental and maternal 

metabolic processes as well as optimizing the nutritional needs of a growing fetus, which all 

influence the downstream lifelong health consequences. However, the regulation of these 

processes and glucocorticoid systems within the placenta are still incompletely understood.

Maternal thyroid disease including both hyper- and hypothyroidism are associated with poor 

pregnancy outcomes such as FGR, preterm birth, and pre-eclampsia [79]. Thyroid hormone 

(TH) has long been known to be essential for normal fetal brain development and thus, 

severe maternal hypothyroidism from iodine deficiency is the most common preventable 

cause of mental retardation around the world [80, 81]. Studies in fetal sheep show TH also 

has a critical role in the maturation of the myocardium, decreasing cardiomyocyte 

endowment both when there is too much, or too little TH [82]. TH promotes secretion of 

placental hormones critical for pregnancy maintenance as early as implantation [83] and 

cytotrophoblast cells are responsive to TH by increasing syncytialization rate, thereby 

stimulating secretion of factors that promote placenta integrity [84, 85]. Despite the obvious 

role of TH in placental function, little is known about placental TH signaling at a cellular 

level. Given the known relationship between obesity and thyroid hormone status [86] and 

increasing rates of maternal obesity, it is imperative to understand placental thyroid signaling 

under both normal and obesogenic conditions.

The clear cut effects of these hormones on fetal and placental growth strongly suggest a role 

in fetal programming. However, except for IGF-1, cortisol and thyroid hormone, little is 

known about the role of other hormones in determining the long term health of offspring; 
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both those produced by the placenta and those produced by the mother or fetus but who have 

actions on the placenta. The role of placental hormones in programming is one of the most 

neglected areas of research in reproductive biology.

CONCLUSIONS

The placenta is a key organ in programming the fetus for later disease. In recent years many 

aspects of placental phenotype and function are associated with adult-onset disease. It is now 

appropriate to consider several late onset diseases to be placental diseases because the 

associations are so powerful. The discovery that placental shape interacts with maternal 

body composition as predictors of later disease is especially profound and provides a sense 

of urgency for our efforts in understanding the biological factors that underlie the 

associations. There is a need for young scientists to develop high levels of expertise in this 

field at a cellular, but also at a systems level to fully appreciate the maternal-placental-fetal 

interactions. Without profound progress in the field, the origins of the chronic diseases that 

cause the highest rates of mortality worldwide will not be understood.
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Figure 1. 
The risk of coronary heart disease based on the weight ratio of placenta and fetus. [5]
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Figure 2. 
The primary elements that lead to a pro-inflammatory state in both fetal and postnatal life. 

Beginning left, pro-inflammatory molecules affect placental inflammatory gene expression 

depending on the physiological status of the mother. A pro-inflammatory placenta leads to 

compromised immune function in the fetus along with elevated levels of oxidative stress. 

The outcome is a fetus that suffers “smoldering, cold inflammation” that may persist and 

make it more likely that the offspring will be more vulnerable for adult-onset chronic 

disease.
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Table 1

Diseases and their relationship to placental phenotype

Stroke placenta pathology; narrow placenta in preeclampsia)[5, 12]

Hypertension placenta size and shape[3]

Hypertension small placentas[3]

Metabolic Disease/Obesity placenta surface area; U shaped risk[13]

Coronary Heart Disease placenta size and shape, maternal phenotype[14]

Heart Failure small placenta, short mother[2]

Sudden Cardiac Death thin placenta (men); large placenta (women)[6]

Asthma short length, placental dimensions[15]
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