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The role of
nutrition In

pregnancy

ANNE CLARK wps, MB chB, FRANZCOG, FRCOG, CREI

Good nutrition in preghancy is crucial for the baby’s health and to
reduce the likelihood of pregnancy complications. It also reduces the
risk of the child developing diseases such as diabetes and heart

disease when they reach adulthood.

he World Health Organization

(WHO) now rates acquired dis-

eases such as cardiovascular

disease and diabetes, as leading
causes of death worldwide.! Suboptimal
nutrition during pregnancy predisposes
women and their children to these diseases.
The resulting epigenetic changes are then
transmitted to, and therefore affect, subse-
quent generations — that is, the woman’s
grandchildren. Good nutrition in preg-
nancy is an important and noninvasive
method of reducing the risks of developing
these conditions and improving the health
of Australians into the future. GPs are
ideally placed to identify and treat any
pregnant women at risk of nutritional
deficiencies, often in conjunction with
other health professionals involved in the
women’s care.’
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Intrauterine environment and
epigenetic changes

Intrauterine life is a time of rapid growth
and development of organs and systems.
The quality and quantity of a mother’s diet
during pregnancy can exert permanent,
powerful effects on the developing tissues
of her baby.® These effects are called ‘pro-
gramming’ and they can affect a person’s
risk of developing noncommunicable dis-
eases in adulthood, including coronary
heart disease, type 2 diabetes, asthma, lung
disease, some mental health conditions
and some forms of cancer.**

The association between the intrauter-
ine environment and later health is often
referred to as the ‘Barker hypothesis after
the finding by the epidemiologist Dr David
Barker. He found that in utero conditions
have a permanent conditioning effect on
the body’s metabolism leading to chronic
diseases later in life.* More than 20 years
ago, Barker reported that lower birth
weight was associated with increased
coronary mortality.* The concept of ‘pro-
gramming’ was first introduced in 1991
to describe the process by which exposure
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to environmental insults or stimuli during
critical phases of fetal development can
trigger adaptations that result in perma-
nent changes in physiology and organ
development.”

‘Programming’ occurs via epigenetic
changes, which are changes that occur
when individual genes are switched on or
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off, rather than changes in the overall
DNA sequence itself.? This results in a
change in phenotype rather than geno-
type, but one which can be inherited by
subsequent generations.

The epigenetic changes cause tissue
‘remodelling’ that results in reduced tissue
growth and/or functional capacity, as shown

in the Figure.’ As a consequence, organs
such as the pancreas may have reduced
capacity to compensate for the age-related
degeneration of tissues, and this leads to
decreased tissue function and hormone
production (e.g. insulin) over time.
Similarly, epigenetic changes due to
adverse environmental factors such as
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A woman’s suboptimal nutrition during pregnancy
affects the development and health of her child
into adulthood.

The process occurs via epigenetic changes that alter
the ‘programming’ of developing organs and tissues.
Suboptimal nutrition in utero can also result in
these changes being transmitted to the woman'’s
grandchildren.

Nutritional deficiencies can reduce a woman’s
chance of conceiving and increase the likelihood of
complications during pregnancy.

The proportion of women with nutritional
deficiencies is high.

Nutritional testing and supplementation of women
at risk is simple.

smoking can be transmitted through the
father’s sperm, although that topic is not
dealt with in this article.’

Clinical consequences of
nutritional deficiencies in
pregnancy

The placenta is the primary determinant
of nutrition to the baby; fetal growth is
mainly determined by how effectively the
placenta supplies nutrients from the
mother. Maternal nutrition, particularly
her intake of vitamin D and folate, influ-
ences the development of the placenta and
its blood supply. A woman’s nutritional
deficit or excess can alter the size of the
placenta in relation to the size of the baby,
with irreversible consequences for the
baby’s developing organs.!

A study of children conceived during
the Dutch famine in 1944 to 1945, when
the Nazi forces blockaded food supplies
into Holland, has shown that nutritional
deprivation at different stages of pregnancy
results in different diseases being more
prevalent in adulthood." This is presum-
ably as a consequence of which organ
system was developing most at that time."°
Women who experienced famine in the first
trimester of their pregnancies had babies
who were heavier at birth than normal.
These babies then had greater risks as adults
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THE ROLE OF NUTRITION IN PREGNANCY continued I

SUBOPTIMAL INTRAUTERINE ENVIRONMENT

'Epigenetic' change
via altered DNA
methylation

'Epigenetic' change
via altered DNA
methylation

Increased disease rates in childhood and adulthood
via programming of tissues during early development

\

Interruptions during cell proliferation
will limit the growth of healthy
tissue and its functional capacity

>

l d

Proliferation phase

mature tissue

v

Differentiation phase

Mature tissue with
functional units functional units

Reduced amount of mature tissue
with reduced functional units

Interruptions during cell proliferation
will limit the functional capacity of

Mature tissue with fewer

Figure. Tissue changes and remodelling that occurs if environmental factors, including less
than optimal nutrition, affect the proliferation of different cells of different organs during

development in utero.®
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of developing heart disease, increased levels
of circulating lipids and blood clotting fac-
tors, and obesity compared with those not
exposed to the famine.*!! Babies of women
exposed to famine in the second trimester
were more likely to develop impaired renal
function as adults. In utero exposure to
famine in the third trimester was associ-
ated with an increased risk of glucose
intolerance and type 2 diabetes in later life.

Important vitamins and minerals
to assess in pregnancy
Iodine, vitamin D, folate, vitamin B12 and
iron are important for maternal health and
the development of the baby, as well as for
the later health of the unborn baby. These
vitamins and minerals are therefore the
most important to assess during preg-
nancy. Table 1 shows the National Health
and Medical Research Council NHMRC)
recommendations of nutrient levels for
pregnant women in Australia, nutritional
sources of these vitamins and minerals
and the women most likely to be at risk of
deficiencies during pregnancy.>"

Nutritional deficiencies of these vita-
mins and minerals can reduce a woman’s
chance of conceiving."** These deficiencies
can also increase the likelihood of women
developing complications during preg-
nancy, as well as increasing the risk of
disease during childhood and adulthood
(Table 1).%7

A study of 7486 women in Australia
across all pregnancy categories found that
asignificant number of women had nutri-
ent levels below the nationally recom-
mended levels of intake.’® At the author’s
clinic, 65% of all new female patients
presenting for fertility assessment and
treatment (n = 7368 in the past five years)
have nutritional deficiencies that would
impact on fertility and the short- and
long-term health of the child (Table 2).*
Patients are advised to correct these defi-
ciencies as the first step in their treatment
program.

Ideally, a healthy balanced diet would
negate the need for mineral and vitamin
supplementation during pregnancy.
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THE ROLE OF NUTRITION IN PREGNANCY continued

TABLE 1. NHMRC RECOMMENDATIONS OF NUTRIENT LEVELS FOR PREGNANT WOMEN IN AUSTRALIA*

At-risk women/pregnancies

All pregnant women, particularly those

with a low dietary iodine intake
who smoke
who consume alcohol

Women with dark skin

Women with a body mass index of >30 kg/m?
Women who wear sunscreen on a regular basis
Women who do not expose their skin to sunlight

Women with medical conditions or taking medications

that affect vitamin D metabolism and storage
Younger women

Women in lower socioeconomic groups
Indigenous women

Women in rural areas

Younger women

Multiparous women

Women with a body mass index of >30 kg/m?
Women with a reproductive or family history of
neural tube defects

Women who have had a pregnancy affected by
neural tube defect

Women taking antiepileptic medication
Women diagnosed with diabetes
Women with a body mass index of >30 kg/m?

Women at risk of folate deficiency,
e.g. MTHFR gene mutation

Women who are strict vegans can be low in
vitamin B12

Women who are vegetarians

Multiparous women

* Women with a short pregnancy interval

Nutrient Recommended Recommended Dietary sources
levels for daily
Australian supplementation
women
lodine 150 pg/day 150 pg Dairy products (2 to 3
serves per day) .
Eggs (1 to 2 serves
per week) :
Seafood (1 to 2 *
serves per week)
Vitamin D 75 nmol/L 1000 to Seafood (2'to 3 3
4000 U serves per week) .
Eggs (1 to 2 serves
per week) ‘
Mushrooms exposed *
to sunlight (3 to 4 .
mushrooms per day)
Folate and Red blood cell Folic acid: 0.4 Vegetables (green .
vitamin B12 folate: 300 to to 0.5 mg leafy) .
(low-risk 1500 nmol/L Vitamin B12: Red meat
deficiency) Vitamin B12: 125 to 2000 pg | Nuts and legumes *
300 to °
740 pmol/L .
Folate and Red blood cell Folic acid: 5 mg | Vegetables (green 3
vitamin B12 folate: 300 to Vitamin B12: leafy)
(high-risk 1500 nmol/L 2.6 pg Red meat o
deficiency) Vitamin B12: Nuts and legumes
300 to
740 pmol/L *
Iron Haemoglobin: 27 to 45 mg Vegetables (green .
>110 g/L leafy) .
Ferritin: Red meat
>12 ug/L Foods high in vitamin C

to assist in iron
absorption

Women with severe morning sickness
Women who consume a poor diet

Abbreviation: MTHFR = methylenetetrahydrofolate reductase.

However, the developing baby places extra
nutritional demands on the mother and
many studies have shown a high proportion
of pregnant women will require supple-
mentation. Itis important that any woman
who requires supplementation during
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pregnancy does not stop after the first tri-
mester as has been traditional in the past.

lodine
Iodine deficiency during pregnancy is the
leading preventable cause of intellectual

DECEMBER 2015, VOLUME 16, NUMBER 12

impairment in children around the world.
Iodine is a key component of the thyroid
hormones that are crucial for brain devel-
opment, particularly during gestation and
early life.”” During pregnancy the thyroid
gland produces 50% more of the thyroid
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TABLE 2. IMPACT OF NUTRITIONAL DEFICIENCIES ON FERTILITY, PREGNANCY OUTCOMES AND LONG-TERM HEALTH IN A
POPULATION OF WOMEN AT FERTILITY FIRST CLINIC, SYDNEY

lodine deficiency

Proportion of new 57%
patients affected

(n=7368)

Cause of infertility
factor

Cause of long-term
adverse health effects for
children and adults

Can be a contributing

Yes — irreversible
reduction in 1Q of up to
13 points, and
increased risk of birth

Vitamin D deficiency

Folate and vitamin B12

Iron deficiency

deficiency and/or raised
homocysteine levels

45% 19%

Yes Yes

Yes — increased risk
of rickets, multiple
sclerosis and

defects and autism

Increased miscarriage rate | Yes
Pregnancy complications Yes
increased

Gestational hypertension Yes
Placental abruption N/A
Intrauterine growth N/A
restriction

Preterm birth N/A
Low birth weight Yes
Stillbirth Yes

Yes — increased risk of
neural tube defects,
asthma, autism and

3%

Yes

Yes — increased risk of
anaemia when born,
and reduced 1Q and

schizophrenia depression behavioural development

Yes Yes N/A

Yes Yes Yes - if deficiency is
significant

Yes Yes N/A

N/A Yes N/A

Yes Yes N/A

Yes Yes Yes — if deficiency is
significant

Yes Yes Yes - if deficiency is
significant

N/A Yes Yes — if deficiency is

Abbreviation: IQ = intelligence quotient; N/A = not available.

hormones than usual, so a woman’s iodine
intake must be increased to accommodate
that. The most serious outcome of iodine
deficiency during pregnancy is cretinism,
characterised by severe mental retardation
and physical deformities. Meta-analyses
have shown that milder forms of iodine
deficiency result in an average 10 to
13.5 point reduction in intelligence quotient
(IQ).>* Unfortunately, adequate iodine
intake later in childhood cannot reverse the
neurocognitive damage caused by even mild
maternal iodine deficiency in pregnancy.®*

In the past, most dietary iodine came
from dairy foods such as milk and cheese
and the use of iodised salt in cooking and

at the table. However, people today are
adding less salt to their food and/or
replacing iodised salt with rock or sea salt,
which contain negligible amounts of
iodine. The increasing use of manufactured
foods, for which iodised salt is not required
in Australia, is also a factor. Mandatory use
of iodised salt in bread commenced in 2009
but many women eat very little bread now.”
Eggs and seafood are other sources of
dietary iodine.

The NHMRC recommends supplemen-
tation of 150 pug/day of iodine to ensure that
all pregnant women obtain adequate jodine
intake.”* Women should not take kelp (sea-
weed) supplements or kelp-based products

MedicineToday

significant

because they may contain varying levels of
iodine and may be contaminated with
heavy metals such as mercury.

Vitamin D

More than 60% of women in the reproduc-
tive age group are now considered to
be vitamin D deficient. This is attributed
to changing lifestyle factors, including
increased use of sunscreens for skin pro-
tection, increased time spent indoors at
both work and home, and increasing
maternal obesity. In the author’s clinic,
more than 50% of women presenting for
fertility treatment have mild to severe
vitamin D deficiency.
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THE ROLE OF NUTRITION IN PREGNANCY continued

During pregnancy, the baby’s concen-
tration of serum 25-hydroxy vitamin D
directly reflects that of the mother. Vitamin
D deficiency can result in the development
of rickets in the first year of life and an
increased risk of developing multiple
sclerosis and schizophrenia in later life.” In
Australia, a child born in Tasmania has a
seven times greater risk of developing mul-
tiple sclerosis than a child born in Queens-
land as a consequence of lower maternal
sun exposure during pregnancy.”

Food sources of vitamin D are limited,
so sunshine exposure or vitamin D sup-
plementation are the best options during
pregnancy. Supplementation with 2000 to
4000 IU/day of oral cholecalciferol is
sufficient, depending on serum levels.?*
However, recent research has shown that
mushrooms exposed to sunlight for a few
hours can also produce vitamin D (which
is not destroyed by cooking) and three to
four mushrooms a day provide adequate
vitamin D supplementation.”%

Folate and vitamin B12

Low folate levels during pregnancy are well
known to be associated with an increased
risk of neural tube defects in the baby. Less
wellknown is the association with increased
risk of autism spectrum disorders.?® Up to
40% reduction in the risk of autism spec-
trum disorders has been reported when
folic acid supplements are taken precon-
ceptionally or during the first two months
of pregnancy.®~' A multicentre Australian
study has suggested that maternal folate
and vitamin BI2 intake during pregnancy
may reduce the risk of childhood brain
tumours, the second most common child-
hood tumour, particularly in women who
drink alcohol while pregnant.***

Low levels of folate during pregnancy
are either due to deficient intake or genetic
variants of the methylenetetrahydrofolate
reductase (MTHFR) gene, which also lead
to elevated homocysteine concentrations.

Iron

Iron deficiency is associated with pregnancy
complications and may have a negative

22 MedicineToday

effect on the intelligence and behavioural
development of a child. However, routine
iron supplementation is less necessary
in Australia compared with some other
countries. The NHMRC recommends that
women in Australia should not be routinely
offered iron supplements but rather be
monitored for the development of anaemia
and treated as required (Table 1).”* The
NHMRC also recommends that women be
made aware that foods rich in vitamin C
improve iron absorption, whereas tea and
to a lesser extent coffee decrease iron
absorption.

Ifiron supplements are required, gastro-
intestinal side effects are reduced if they are
taken with a meal rather than on an empty
stomach. However, the amount of iron
absorbed is reduced when taken this way.*

Maternal obesity

It is estimated that half the women in the
reproductive age group are now overweight
or obese.” Increased food consumption
and the metabolic changes associated with
increased weight make it more difficult for
awoman to get pregnant and stay pregnant
and can cause the epigenetic changes that
lead to long-term disease in the child. The
dietary patterns, such as high consumption
of processed foods, that have led to a wom-
an’sincreased weight can also be associated
with the nutritional deficiencies.

Ifa woman is encouraged to lose weight
it is very important, particularly if rapid
weight loss occurs, that conception is
delayed. Otherwise, the developing baby
can be programmed for birth into a per-
ceived ‘famine’ environment with increased
risks for a ‘Barker hypothesis’ outcome in
adult life. The delay should be one to two
years after bariatric surgery and three to
six months after consumption of a very low
kilojoule diet.

Conclusion

Itis now widely accepted thata child’s expo-
sure to a suboptimal environment during
pregnancy has a long-term effect on the
health of that child in adulthood. Type 2
diabetes, cardiovascular disease, some

DECEMBER 2015, VOLUME 16, NUMBER 12

mental health conditions and some forms
of cancer have all been reported as being
more common after inadequate nutrition
or inadequate levels of some vitamins and
minerals during pregnancy. Which organs
are affected most depends on the stage of
pregnancy at which the nutritional depri-
vation occurs. Excess food consumption
and maternal obesity can also have adverse
long-lasting effects on the baby’s health.
Even more concerning, it has been shown
that these detrimental consequences can
alsobe transmitted, via epigenetic changes,
to the next generation - that is, the woman’s
grandchildren.

Monitoring and correcting for good
nutrition in pregnancy is important to
reduce the risks of developing these
conditions and increase the health of
Australians into the future. M

Acknowledgement

Dr Clark is grateful for the assistance of Dr Nicola
Stark BScMedSci, MScMed(RH&HG), PhD, Senior
Embryologist and Research Scientist at Fertility
First in the preparation of this paper.

References

A list of references is included in the website version

(www.medicinetoday.com.au) of this article.

COMPETING INTERESTS: None.

ONLINE CPD JOURNAL PROGRAM

What percentage of Australian
women of childbearing age are
vitamin D deficient?

.-r )
Review your knowledge of this topic
and earn CPD points by taking part
in MedicineToday’s Online CPD Journal
Program. Log in to
www.medicinetoday.com.au/cpd

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2015.

© ALEKSANDAR NAKIC/ISTOCKPHOTO


http://www.medicinetoday.com.au
http://www.medicinetoday.com.au/cpd

MedicineToday 2015; 16(12): 16-22

pregnancy

ANNE CLARK wps, MB ChB, FRANZCOG, FRCOG, CREI

References

1. World Health Organization. The global burden of disease: 2004 update.
Geneva: WHO; 2008.

2. Australian Health Ministers’ Advisory Council. Clinical Practice Guidelines:
antenatal care — module 1. Canberra: Australian Government Department of
Health and Ageing; 2012. Available online at: http://www.health.gov.au/antenatal
(accessed December 2015).

3. Langley-Evans SC. Nutrition in early life and the programming of adult disease:
a review. J Hum Nutr Diet 2015; 28 Suppl 1: 1-14.

4. Hanson M, Fall C, Robinson S, Baird J. Early life nutrition and lifelong health.
London: British Medical Association; 2009.

5. O'Neil A, Itsiopoulos C, Skouteris H, et al. Preventing mental health problems in
offspring by targeting dietary intake of pregnant women. BMC Med 2014; 12: 208.
6. Barker DJ, Osmond C, Golding J, Kuh D, Wadsworth ME. Growth in utero,
blood pressure in childhood and adult life, and mortality from cardiovascular
disease. BMJ 1989; 298: 564-567.

7. Galjaard S, Devlieger R, Van Assche FA. Fetal growth and developmental
programming. J Perinat Med 2013; 41: 101-105.

8. Ozanne SE. Epigenetics and metabolism in 2014: metabolic programming
—knowns, unknowns and possibilities. Nat Rev Endocrinol 2015; 11: 67-68.

9. Wright C, Milne S, Leeson H. Sperm DNA damage caused by oxidative stress:
maodifiable clinical, lifestyle and nutritional factors in male infertility. Reprod
Biomed Online 2014; 28: 684-703.

10. Meher A, Sundrani D, Joshi S. Maternal nutrition influences angiogenesis in
the placenta through peroxisome proliferator activated receptors: a novel
hypothesis. Mol Reprod Dev 2015; 82: 726-734.

11 Lumey LH, Stein AD, Susser E. Prenatal famine and adult health. Annu Rev
Public Health 2011; 32: 237-262.

12. Australian Government, Department of Health and Ageing, National Health
and Medical Research Council (NHMRC). Nutrient reference values for Australian
and New Zealand: including recommended dietary intakes. Canberra: NHMRC;
2006.

13. Twigt JM, Bezstarosti K, Demmers J, Lindemans J, Laven JS, Steegers-
Theunissen RP. Preconception folic acid use influences the follicle fluid proteome.
Eur J Clin Invest 2015; 45: 833-841.

14. Li L, Schriock E, Dougall K, Givens C. Prevalence and risk factors of vitamin D
deficiency in women with infertility. Fertility and Sterility 2012; 97: S26.

15. Bath SC, Walter A, Taylor A, Wright J, Rayman MP. lodine deficiency in
pregnant women living in the South East of the UK: the influence of diet and
nutritional supplements on iodine status. Br J Nutr 2014; 111: 1622-1631.

16. Fayyaz F, Wang F, Jacobs RL, O'Connor DL, Bell RC, Field CJ, Team APS.
Folate, vitamin B12, and vitamin B6 status of a group of high socioeconomic
status women in the Alberta Pregnancy Outcomes and Nutrition (APrON) cohort.
Appl Physiol Nutr Metab 2014; 39: 1402-1408.

17. Australian Government National Health and Medical Research Council
(NHMRC). Nutrient reference values. Canberra; NHMRC: 2015. Available online
at: www.nrv.gov.au (accessed December 2015).

18. Hure A, Young A, Smith R, Collins C. Diet and pregnancy status in Australian

women. Public Health Nutr 2009; 12: 853-861.

19. Clark A. Periconception clinic talk. The 2010 Annual Scientific Meeting of the
Fertility Society of Australia; 2010 Oct 10 to 13; Adelaide, Australia.

20. Bleichrodt N, Born MP. A meta-analysis of research on iodine and its
relationship to cognitive development. In: Stanbury JB (ed). The damaged brain of
iodine deficiency: cognitive, behavioral, neuromotor, educative. New York:
Cognizant Communication Corp; 1994. p. 195-200.

21. Hynes KL, Otahal P, Hay I, Burgess JR. Mild iodine deficiency during
pregnancy is associated with reduced educational outcomes in the offspring:
9-year follow-up of the gestational iodine cohort. J Clin Endocrinol Metab 2013;
98: 1954-1962.

22. Andersson M, De Benoist B, Rogers L. Epidemiology of iodine deficiency: salt
iodisation and iodine status. Best Pract Res Clin Endocrinol Metab 2010; 24: 1-11.
23. Sundstrom P, Salzer J. Vitamin D and multiple sclerosis - from epidemiology to
prevention. Acta Neurol Scand Suppl 2015; 132: 56-61.

24. Rodda CP, Benson JE, Vincent AJ, Whitehead CL, Polykov A, Vollenhoven B.
Maternal vitamin D supplementation during pregnancy prevents vitamin D
deficiency in the newborn: an open-label randomized controlled trial. Clin
Endocrinol (Oxf) 2015; 83: 363-368.

25. Chen SY, Yu HT, Kao JP, et al. Consumption of vitamin D2 enhanced mushrooms
is associated with improved bone health. J Nutr Biochem 2015; 26: 696-703.
26. Mattila P, Lampi AM, Ronkainen R, Toivo J, Piironen V. Sterol and vitamin D2
contents in some wild and cultivated mushrooms. Food Chemistry 2002;
76:293-298.

27. De Gruijl FR. Sufficient vitamin D from casual sun exposure? Photochem
Photobiol 2011; 87: 598-601.

28. Neggers YH. The relationship between maternal folate status and risk of
autism spectrum disorders. Reprod Toxicol 2014; 48: 28-29.

29. Braun JM, Froehlich T, Kalkbrenner A, et al. Brief report: are autistic behaviors
in children related to prenatal vitamin use and maternal whole blood folate
concentrations? J Autism Dev Disord 2014; 44: 2602-2607.

30. Suren P, Roth C, Bresnahan M, et al. Association between maternal use of
folic acid supplements and risk of autism spectrum disorders in children. JAMA
2013; 309: 570-577.

31. Schmidt RJ, Tancredi DJ, Krakowiak P, Hansen RL, Ozonoff S. Maternal intake
of supplemental iron and risk of autism spectrum disorder. Am J Epidemiol 2014;
180: 890-900.

32. Main PA, Angley MT, Thomas P, O’Doherty CE, Fenech M. Folate and methionine
metabolism in autism: a systematic review. Am J Clin Nutr 2010; 91: 1598-1620.
33. Greenop KR, Miller M, De Klerk NH, et al. Maternal dietary intake of folate and
vitamins B6 and B12 during pregnancy and risk of childhood brain tumors. Nutr
Cancer 2014; 66: 800-809.

34. Makrides M, Crowther CA, Gibson RA, Gibson RS, Skeaff CM. Efficacy and
tolerability of low-dose iron supplements during pregnancy: a randomized
controlled trial. Am J Clin Nutr 2003; 78: 145-153.

35. Australian Bureau of Statistics. Overweight and obesity in adults in Australia:
a snapshot, 2007-08. Canberra: ABS; 2011.

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2015.


http://www.health.gov.au/antenatal
http://www.nrv.gov.au



