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Abstract
Why is it  that  most pregnancies never make it  to the delivery room, when
general health of their carriers and prenatal care are improving? In this essay,
I  will  explain  how the  parental-placental  unit  regulates  –  and  indeed  how
alterations to this unit might negatively impact – fetal growth and metabolism.
First, placentation and fetal tolerance enable a good implantation of the fetus
to the uterus, and later on in the pregnancy proper blood circulation between
the pregnant person, the placenta and the fetus. Then, this unit plays a critical
role  to  provide the fetus the nutrients it  needs to  grow and to  maintain  a
healthy  metabolism.  Finally,  the  parental-placental  unit  plays  a  role  as  en
endocrine  regulator,  especially  with  the  exchanges  of  insulin-like  growth
factors  and  human  placental  lactogen.  The  main  causes  of  concern  are
nutritional  and  environmental  habits  of  the  pregnant  person,  as  drug
consumption and inappropriate nutriment intakes can lead to serious adverse
events,  and  reproductive  issues,  among  which  pre-eclampsia,  in-vitro
fertilisation and trans and intersex pregnancies need the closest monitoring.
Future  studies  should  focus  on  the  consequences  of  existing  disparities
between racial groups, socio-economical groups, genders and diets.
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Introduction
You probably know already that human pregnancies last about nine months.
But did you know that about  half of all  fertilised embryos are naturally lost
before twenty weeks (MedlinePlus, 2016 – ref. 30)? Or that the success rate
of in-vitro fertilisation is close to 30% (WebMD, 2017 – ref. 51)? Even though
the  rate  of  pregnancies  leading  to  the  death  of  the  pregnant  person  has
considerably  fallen since 1990 (Word Health  Organization,  2015 – ref.52),
there is indeed much more to learn about the complex systems that regulate
human pregnancies.

Humans, being placental mammals, carry out their offspring in utero to
a  quite  advanced  stage  of  development.  This  is  made  possible  by  the
formation of a metabolically active organ called placenta. The placenta is fully
formed  in  humans  at  about  a  month  after  conception.  In  that  time,  the
pregnancy  goes  through  the  three  stages  of  implantation:  apposition,
adhesion and invasion. In the apposition phase, the embryo’s fall down the
Fallopian  tubes  and  then  down  the  uterus  is  slowed  down.  During  the
adhesion phase, a stable contact is formed between the embryo and uterus,
and physical interaction happens between blastocysts and the endometrium.
Finally,  in  the  invasion  phase,  syncytiotrophoblasts  penetrate  the  uterine
epithelium,  and  the  parental-placental  circulation  is  established.  The  most
well-known adverse event in pregnancies is a disease called pre-eclampsia,
which occurs in 5 to 8% of all pregnancies, and can lead to the deaths of both
the fetus and the pregnant person. Pre-eclampsia is the result of an imperfect
differentiation of trophoblast cells during the adhesion and invasion phases of
the  pregnancy,  leading  to  an  unhealthy  and  not  quite  functional  parental-
placental unit. Indeed, as humans have the most invasive form of placentation
(Davenport, 2014 – ref.  10), it seems only logical that the placenta plays a
crucial role in the pregnancy’s outcomes.

Up until now, the focus of the medical community was on the embryos
themselves, but recently it has begun to shift to consider the impact of fetal
implantation  (Hunt,  2012,  in  Abstracts  for  the  International  Federation  of
Placenta Association Meeting of 2012 – ref. 1), for example such research is
being conducted by Dr. Harvey Kliman  (Violante, 2018 – ref.49). Aligning with
this course of research, I will discuss in this essay how the parental-placental
unit regulates fetal growth and metabolism, and how alterations to this unit
might negatively impact them. First, I will discuss how this unit regulates fetal
growth and metabolism. To do so, I will  look at how the parental-placental
unit’s roles as the exchange site for nutrients, as an endocrine regulator, and
the role genetics play in fetal  tolerance at the placental level all  make the
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parental-placental  unit  a  crucial  regulator  of  fetal  growth  and  metabolism.
Secondly, I will discuss how alterations to this unit might have adverse effects
on fetal growth and metabolism, by discussing pre-eclampsia, the role of the
pregnant person’s nutritional and drugs consumption habits, and reproductive
issues, how those three aspects can alter the parental-placental unit and how,
in turn, they may lead to unhealthy fetal development and metabolism. I will
conclude  this  essay  by  a  brief  summary  of  the  issues  discussed  and
recommendations for future research in this field.
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1. The parental-placental unit
regulates fetal growth and

metabolism.

As  mentioned  in  the  introduction,  humans  have  a  very  invasive  form  of
placentation, which happens in the three main stages over the course of the
first  month  or  so  of  pregnancy.  The  placenta  henceforth  stands  as  a
metabolically active organ. In this section of my essay, I will discuss how the
parental-placental unit regulates fetal growth and metabolism.

a. Placentation: the role of the parental-placental blood
flow and fetal tolerance
The first way in which the parental-placental unit regulates fetal growth and
metabolism is found in how it implements itself. The stages of implantation, as
described  in  the  introduction  of  this  essay,  are  the  first  steps  in  moving
forward with a healthy pregnancy, which then moves on to the placentation
phase. During this phase, interstitial  cytothrophoblasts migrate through and
invade uterine tissues to anchor the placenta to the uterus, and endovascular
cytothrophoblasts  migrate  to  parental  uterine  arteries  to  transform  small
muscular  arteries  into  large low-resistance vessels  and establish  parental-
fetal circulation (Sandovici, 2012 – ref. 44). This process is evidently crucial to
having a healthy blood flow circulation (Krause, 2015 – ref. 24), but I will give
more information on the impact of adverse events in this stage in the second
section of this essay.

Though  we  do  not  fully  understand  why  nor  how  yet,  the  uterus
recognises sperm from one partner to the another (Gopalan, 2010 – ref. 18),
which makes it likely that expression of key genes play a role in maintaining a
pregnancy (Krause, 2015 – ref. 24) and healthy fetal growth (Gicquel, 2006 –
ref. 16).

Finally,  even  once  the  fetus  is  properly  implanted  in  the  uterus,
expression of key genes in the placenta regulate fetal  growth (Constância,
2002 – ref.  31; Gicquel, 2006 – ref.  16). One key regulator are mammalian
Target  of  Rapacymin  (mTOR)  which  have  an  important  role  in  “placental
sensing  and constituting  a  critical  link  between the  ability  of  the  maternal
supply line to provide nutrients to the placenta and fetal growth” (Framarino-
Dei-Malatesta, 2014 – ref.  14). The genetic expression of the  Igf2 gene, a

PAGE 7



Camille BARIZIEN                                               MEDSCI729 – Essay 1

type of protein I will  talk about in greater length later on, also partly takes
place in the placenta (Constância, 2002 – ref. 31), as does the expression of
cortisol (Ishimoto, 2011 – ref. 20), which also regulates fetal growth (Liggins,
1994 – ref. 26).

Fetal  growth  and  metabolism  is  therefore  heavily  regulated  by
placentation and fetal tolerance, with genetics playing a crucial role in both.
The  uterine-fetal  circulation  hence  established  is  crucial  in  “maintaining
appropriate fetal growth through the supply of oxygen and nutrients” (Murphy,
2006 – ref. 35), but how does the parental-placental unit regulates those chain
of supply and hence fetal growth? 

b. The exchange site for nutrients
During a human pregnancy the placenta plays a key role as it must mitigate
signals from the fetus and pregnant person to match as possible fetal needs.
One key way the placenta does this is by providing nutrients to the fetus:
indeed, the placenta is where most of all nutrients exchange happens. Those
exchanges  can  be  divided  in  three  categories:  simple  diffusion,  facilitated
diffusion and active transport (Bauer, 1998 – ref. 3; Murphy, 2006 – ref. 35).

Simple  diffusion  is  how  dioxygen,  carbon  dioxide  and  urea  are
transported (Bauer, 1998 – ref.  3). The transfer is permitted by the parental-
placental blood flow, and increased oxygenation is “vital to support the energy
demands of fetal growth” (Murray, 2012 – ref.36).

Facilitated diffusion concerns mainly glucose and lactate. Glucose is
the “main source of energy for the human fetus and placenta” (Murphy, 2006
– ref. 35), and as the fetus produces almost no glucose on its own (Murphy,
2006  –  ref.  35),  it  was  of  no  surprise  that  an  altered  placental  glucose
transport could be observed in cases with “fetal-placental growth mismatch”
(Sandovici,  2012  –  ref.  44).  Studies  are  also  conducted  with  the  aim  of
providing glucose levels on both sides of the placenta (Roland, 2013 – ref.
43).

Last, active transport is the main way in which amino acids reach the
fetus. Amino acid concentrations are indeed higher in the fetal circulation than
in  the  circulation  of  the  pregnant  person,  “suggesting  that  the  placenta
mediates concentrative transport of amino acid towards the fetus” (Sandovici,
2012 – ref. 44), a result also underlined by a recent in-vivo study (Maia, 2017
– ref.  29). There are at least 15 transporter systems which “mediate amino
acid transport in the human placenta” (Gluckman, 2002 – ref.  17), and the
complexity of  those systems has pushed scientific teams to try to develop
accurate computational models, which is what Lewis explained in an abstract
for  the  International  Federation  of  Placenta  Associations  Meeting  of  2012
(Lewis, 2012 – ref. 1).
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One other form of nutrient exchange quite important to fetal growth and
metabolism  is  the  passive  transport,  through  the  placenta,  of  fatty  acids,
which are especially necessary during the third trimester of pregnancy, for
brain and adipose tissue composition (Uauy, 2006 – ref. 48).

The parental-placental unit regulates fetal growth and metabolism by
regulating nutrients exchanges between the pregnant person and the fetus.
This regulating role happens through the actions of key hormones expressed
in the placenta (Constância, 2002 – ref.  31): which ones are they, and what
role does the placental endocrine regulation function plays in fetal growth and
metabolism?

c. A key endocrine regulator
The  parental-placental  unit  produces  and  interacts  with  key  hormones
(Murphy, 2006 – ref.  35),  sometimes solely produced in the placenta itself
(Bauer, 1998 – ref. 3), especially several insulin-like growth factors (IGF) and
human placental lactogen (hPL). 

Both IGF-1 and IGF-2 are hormones present in fetal tissues from “the
earliest stage of pre-implantation to the final phase of tissue maturation before
birth” (Gicquel, 2006 – ref. 16). IGF-2 is the main factor of embryonic growth
(Gicquel, 2006 – ref.  16). A 2002 study proved this by showing, as I quickly
mentioned in the first  section of this essay, that  a knockout of  Igf2 genes
expression lead to fetal growth restriction (Constância, 2002 – ref.  31). The
study  also  underlined  that  the  growth  restriction  was  “associated  with  a
decrease in passive permeability per gram of placenta” (Constância, 2002 –
ref. 31), which, as I have explained above, can in turn lead to a lessen nutrient
transfer to and from the fetus. Indeed, fetal insulin acts as “signal of nutrient
availability” (Fowden, 2004 – ref. 12, as cited in Murphy, 2006 – ref. 35), and,
as  early  as  1992,  Fowden  explained  that  “disturbances  in  fetal  insulin
secretion are associated with abnormalities in fetal growth” (Fowden, 1992 –
ref. 13).

According to Gluckman, “maternal IGF-1 infusion increases placental
lactate  production”  (Gluckman,  2002  –  ref.  17),  and  the  human  placental
lactogen in turns influences the IGF axis (Murphy, 2006 – ref.  35). Lactate
also  is  an  “important  metabolic  fuel”  (Gluckman,  2002  –  ref.  17).  The
presence of hPL has even been reported to stimulate the production of insulin
by the pancreas of the fetus (Kagan Karabulut, 2000 – ref. 21).

The parental-placental unit is hence a crucial endocrine organ during
pregnancies, and thereby regulates fetal growth and metabolism.
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2. Alterations to the parental-
placental unit might lead to adverse

events in fetal growth and
metabolism.

In the first part of this essay, I have explained how the parental-placental unit,
through placentation and fetal  tolerance, regulation of nutrients and that of
hormones, regulates fetal growth and metabolism. But how can alterations to
this unit  negatively impact a pregnancy? This is what I  will  discuss in this
second section.

a. The pregnant person and their environment influence
the parental-placental unit
The regulation of fetal growth by the parental-placental unit is dependent of
the pregnant person’s general health conditions, but what are the main factors
of influence in this regard?

One of the main concern during pregnancies is the nutritional intake of
the  pregnant  person,  and  overall,  “nutritional  issues  have  gained  greater
importance  in  routine  prenatal  care”  (Cox,  2008  –  ref.  9).  It  is  now well-
established that malnutrition has severe short- and long-term consequences
on fetal growth and metabolism (Bloomfield, 2006 – ref.  4), as have shown
several in-depth analyses of the consequences of the 1944-1945 famine in
the Netherlands (Mitchell, 2004 – ref. 32; Bloomfield, 2006 – ref. 4).

More detailed analyses are now being conducted on the influence of
specific nutrients and vitamins deficits, such as vitamin D, which was liked to
reduced fetal  skeletal  growth,  altered fetal  lung development  and possibly
linked to pre-eclampsia in a 2011 review (Liu, 2012 – ref. 28). Another study
concluded that “eludation of the kinetics of trace elements in the feto-placental
unit” could help us better prevent fetal growth restriction (Osada, 2002 – ref.
38).  The diet  of  the pregnant  person hence appears to  have a significant
influence,  and  a  particular  focus  is  put  on  nutrients  for  which  the  dietary
reference  intake  significantly  increases  during  pregnancy,  mainly  proteins,
iron  and  folate  (Cox,  2008  –  ref.  9;  Murphy,  2006  –  ref.  35).  Iron  is  of
particular concern as daily needs nearly double during pregnancy, and “are
not likely to be met by diet” (Cox, 2008 – ref. 9).
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This is of particular concern when the pregnant person is vegan (or
following a strict vegetarian diet), and several studies have now looked into
the impact of this specific diet (ref. 6, 23, 37, 39, 40, 41, 42, 46). The current
consensus is that, providing sufficient B12 supplementation (Pawlak, 2017 –
ref.  42; Piccolo,  2015 – ref.  41; Snow, 2017 – ref.  46), vegan diets do not
pose  any  specific  threats  to  fetal  growth  and  metabolism,  though  a  2014
systematic  review (Piccolo,  2015  –  ref.  41)  underlined the  need  for  more
randomized studies on this issue. It is recommanded, regardless of the diet
followed,  that  a  registered  dietitian  should  be  involved  in  monitoring  the
pregnancy (Cox, 2008 – ref. 9).

The monitoring of pregnancy weight and weight gains in also important.
For example, Cox reported in a 2008 study that “pre-pregnant underweight is
associated  with  a  higher  risk  for  preterm  delivery  and  for  a  small  for
gestational age baby” (Cox, 2008 – ref. 9). A pilot study also looked into the
disparities between five racial groups and showed differences in perception of
the dangers of weight gain and loss during pregnancy between those groups.
The authors  recommanded that  prenatal  care  should  be  better  tailored  to
those specificities (Brooten, 2012 – ref. 5), which makes sense as obesity and
gestational  weight  gain  have  a  “significant  impact”  on  fetal  development
(Walker, 2014 – ref. 50).

Finally, the consumption of drugs can have devastating effects on fetal
growth and metabolism. The use of drugs such as cocaine, amphetamines
and antidepressants could lead to “vasoconstriction and uterine contraction
[hence] compromising placental function and also causing premature delivery”
(Ganapathy, 2011 – ref. 15). Smoking is also dangerous, as it can lead to fetal
tissue  hypoxaemia  and  reduced  activity  of  transport  of  nutrients  in  the
placenta  (Murphy,  2006  –  ref.  35).  As  for  alcohol,  although  excessive
consummation  can  lead  to  serious  adverse  events  such  as  fetal  alcohol
spectrum disorders (Reference Center on Teratogenic Agents, 2012 – ref. 7),
low-level drinking has been proven to cause no harm (Kelly, 2012 – ref.  22;
Murphy,  2017  –  ref.  34).  Murphy  even  explained  that  this  idea  could  be
stemmed  in  a  climate  where  scientists  “position  themselves  not  as  truth-
bearers, but public health messengers” and where people – especially women
– are under obsessive scrutiny during a pregnancy (Murphy, 2017 – ref. 34).

All  together,  the  pregnant  person’s  habits  and  environment  can
negatively impact fetal growth and metabolism. But if their general health is
good and they don’t consume dangerous substances, what can explain other
adverse events?
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b.  Reproductive issues are  challenges for  the parental-
placental unit’s operation 
Two of the main reproductive challenges which can influence fetal growth and
metabolism  are  pre-eclampsia  and  challenges  associated  with  Assisted
Reproductive Technologies, transgender and intersex pregnancies.

Pre-eclampsia, as I quickly explained in the introduction of this essay,
is  a  very  serious  and  common  pregnancy-related  disease,  with  long-term
consequences for both the fetus and the pregnant person (Clifton, 2012 – ref.
8). The causes of pre-eclampsia are still not definitely known to this day, but it
is clear that, as with other ischaemic placental diseases, in pre-eclampsia the
trophoblast  differentiation  which  normally  happens  during  placentation
(Kwiatkowska, 2016 – ref.  25; Schneider, 2011 – ref.  45) does not happen
properly  (Kwiatkowska,  2016  –  ref.  25;  Wa  Yung,  in  Abstracts  for  the
International Federation of Placenta Associations Meeting, 2012 – ref.  1), as
depicted in Illustration 1 Those changes then induce a sufficient blood flow to
the  fetus,  and  therefore  insufficient  access  to  nutrients  and  oxygen
(Kwiatkowska, 2016 – ref.  25), which, as I explained in the first part of this
essay, are crucial for fetal growth and metabolism. A study also indicated that
the transport of certain amino acids was changes in cases of pre-eclampsia
(Sandovici, 2012 – ref.  44). Another showed that “prevalence of low socio-
economical class, [pregnant person’s] age ≥35 years, black race, body mass
index  ≥35”  were  higher  for  people  who  had  pre-eclampsia,  while  the
proportion of people having a family income between $3000 and $6999 and
being between 20 and 29 years old was lower (Ananth, 2011 – ref. 2). Overall,
researchers  recommand  more  studies  to  be  done  with  the  aim  of  better
understanding ischaemic placental diseases (Kwiatkowska, 2016 – ref.  25),
especially pre-eclampsia, to be able to prevent it.
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Ischaemic placental diseases underline the key role of the uterus in
ensuring proper  fetal  growth and metabolism. It  therefore makes sense to
wonder how reproductive challenges can influence them. Very few studies
have looked into the effects of using assisted reproductive technologies in
pregnancies, but the largest study yet on gestational surrogates underlined
“increased adverse perinatal outcomes, including preterm birth [and] low birth
weight” among other events (Woo, 2017 – ref.  53). Similarly, there are very
few studies on transgender and intersex pregnancies (Horlacher, 2016 – ref.
19).  One  preliminary  study  did  not  find  an  increased  amount  of  adverse
events with use of testosterone prior to the pregnancy (Light, 2014 – ref. 27).
In  two  separate  studies  (Light,  2014  –  ref.  27;  T’sjoen,  2013  –  ref.  47),
researchers encouraged further research an more trans-inclusive policies. A
case-study  was  done  on  the  first  clinical  pregnancy  after  uterus
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Illustration  1: Trophoblast differentiation changes the structure of spiral arteries
during a pregnancy, and it does not happen correctly in cases of pre-eclampsia or
Intra-Uterine Growth Restriction (IUGR). Illustration from Moffett-King A (2002) –
ref. 33.
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transplantation, and it resulted in a healthy delivery and baby (Erman Akar,
2013 – ref. 11).

Pre-eclampsia,  assisted  reproductive  technologies  and  transgender
and intersex pregnancies can all influence fetal growth and metabolism, and a
lot remains to be learned about those cases.
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Conclusion
The parental-placental unit is a crucial organ in regulating fetal growth and
metabolism. 

The  regulation  it  provides  is  three-fold.  First,  placentation  and  fetal
tolerance enable a good implantation of the fetus to the uterus, and later on in
the  pregnancy  proper  blood  circulation  between  the  pregnant  person,  the
placenta and the fetus. Then, this unit plays a critical role to provide the fetus
the nutrients it needs to grow and to maintain a healthy metabolism. Finally,
the parental-placental unit plays a role as en endocrine regulator, especially
with  the  exchanges  of  insulin-like  growth  factors  and  human  placental
lactogen.

A lot can go wrong during a pregnancy, and unfortunately is does. The
main  causes  of  concern  are  nutritional  and  environmental  habits  of  the
pregnant person, as drug consumption and inappropriate nutriment intakes
can lead to serious adverse events, and reproductive issues, among which
pre-eclampsia, in-vitro fertilisation and trans and intersex pregnancies need
the closest monitoring. 

Much remains to be learned about the complex systems which regulate
fetal growth and metabolism, and about the negative ways in which they can
be impacted. It is also clear from the reviewed literature that more inclusive
studies need to be conducted, especially regarding disparities between racial
groups, socio-economical groups, genders and diets.

This essay was limited by the time available to conduct the literature
review, and hence some secondary aspects of the question might have been
overlooked.  I did not find enough studies to justify the need to report on a few
issues,  such as  the  link  between  adverse  events  during  pregnancies  and
autism, but that may also be linked to the previous remark. There was no
conflict of interest during my writing of this essay apart from the fact that it will
count for part of my grade in the Perinatal Physiology and Medicine Course at
the University of Auckland.
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