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Learning Objectives

Upon completion of this deck, you will be able to describe:

AThe importance of hormones and hormone balance/metabolism in fertility,
preconception and conception

AThe need for Preconception, Prenatal and Postpartum care for the mother
A Additionally: Describe the need for preconception care for the father

AThe nutritional needs at each stage of pregnancy
A Additionally: Understand normal weight gain and the implications for fetal health
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Decreasing Life Expectancy & Neonatal/Maternal Outcomes

A Unprecedented reduction in life expectaricy
AThe new generation is predicted to live a shorter life than their pafents
ATrend is strongly associated with obesity and diabetes

A Neonatal mortality (i.e., loss before 28 days of age): Per 1000 live births, US ha
per 1,000 deaths (38out of 202 nations)

A Miscarriage rates remain >19.7%

AWHO, 1989: Nutrieraissociated chronic diseases are due to an incorrect balanc
or excess of nutrients éNeedto turn attention to thequality of diett ©

1. OlshanskysJ et alN Engld Med.2005;352(11):1138145.

2. Glei DA et al. National Research Couhaiérnational Differences in Mortality at Older Ages: Dimensions and So@GHs

3. WHO https://apps.who.int/iris/bitstream/handle/10665/272596/97892415655&ng.pdf Accessed May 5, 2019.

4. UN IGMEwww.childmortality.org Accessed October 22, 2014.

5. Rossen LM et aPaediatr PerinaEpidemiol 2018;32(1):129.

6. https://www.who.int/nutrition/publications/obesity/WHO TRS 797/enYWHO 1989 Tech Report, Series 79434 Accessed May 14, 2014
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http://www.childmortality.org/
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BIRTH PHENOTYPES & MATERNAL HEALTH

BABY MOM

TOO SMALL | High Blood Sugar
Small for Gestational Age (SGA) gestational Diabetes Mellitus (GDM)

TOO LARGE Hiah Blood P
Large for Gestational Age (LGA) gh BI00d Fressure |
TOO STRESSED Pregnancy Induced Hypertension
StresDysregulatior(SDP) (PIH)
TOO EARLY

Preterm Birth (PTB)
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8 Preconception
t! "1 A RecognizeModifiable nutrition/lifestyle

factors
<
‘ m ~ \\ .‘

contributing to health
A Empower:Change

A Goal:Optimization of preventative care
for all men & women of reproductive
I 3SX
v 49% of pregnancies are unintended?
v 16.7% of pregnant women begin care
in 2" trimester (after organogenesis)

v NO traditional preconception
care for men

l!‘“‘

1. Finer LB et aContraception2011;84(5):478185.
2. CDC. National Vital Statistics Reports. Timing and Adequacy of prenatal care in the United States, 2016.
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Preconception RISK Assessméfdile & Female

Do Io Do Io o

Chronic Disease
Teratogens
Reproductive History

Genetic Conditions (variants,
chromosomal abnormalities)

Social & Mental Health (Stress
response)

o To Io Do Do Ix

Family History

Substance Use

Infectious Disease
Environmental Exposure
Lifestyle (nutrients / movement)
Health Status
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Preconception Male

1. SalasHuetosA et al.HumReprodUpdate 2017;23(4):37-B89.
2. Wang Y et aDbesity (Silver Sprind008;16(10):2322330.

3. Mei H et alBMJ Open2018:8(6):e018755. @ Metagenics Institute
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Advanced for Paternal Age
(APA)>40 years

A Since 198®8trend in birth rates have
changed:

A Age 3039 years: fertility rate increasec
by 21%
A > age 40 years: fertility rate increased
by 30%
In men <30 years of age fertility rate
decreased by 15%

A Recognizecontraception, work/life
Intention, toxic exposurex: estrogenic
compounds, industrialization of®3vorld
nations, fertility services

1.RamasamyR et alFertilSteril 2015;103(6):1402406.
2. Harris et alRev Ural2011; 3(4):e184190.
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Advanced Paternal Age & Risk of Adverse Birth Outcbines

1.RamasamyR et al Fertil Steril 2015;103(6):1402406. 5. Khandwala YS et BIMJ.2018;363:k4372.
2.Crosno€eLE et alCurrOpinObstetGynecol2013;25(3):184185. 6. Alio AP et ahm JMensHealth.2012;6(5):427435.
3. Hamilton BE et aNatl Vital Stat Re2015;64(12):164. 7. Urhoj SK et aEurJ EpidemioR017;32(3):227234.
4. Ford WC et aHumReprod 2000;15(8):1703.708. 8. Wu S et alActaPsychiatiScand2017;135(1):2911.
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Preconception Female

A Health Status

o BMI: 86.3% of adults in the US will meet criteria
for overweight (>25) or obese(>30) categories by
the 203G

o Overweight/Obesity: important risk factor
for macrosomia (Large for Gestational Age, EGA)

A Movement

o Physical activity patterns across the life course
maydecreaseaisk ofpreterm birthwith longterm
physically active women at decreased risk of
delivering preterm & with a low birth weight infaht

1. Wang Y et aDbesity (Silver Sprind)008;16(10):2322330.
2. Dai RX et aArchGynecoDbstet 2018;297(1):139.45.
3. Vamos CA et aMatern Child Health 2015;19(8):1778.782.
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Advanced for Maternal Age (AMAJ35 Years

A Increases risk of spontaneous Alncreases risk of still birth

abortion SAD, gestational diabetes congenital malformations

mellitus (GDM), pregnancy induced . _ _
hypertension (PIH), intrapartum aneuploidy, & risk of autism

complications (amniotic fluid
emb0|lsm), tWInS, riSk Of developing 1. Fitzpatrick KE et &#J0G2016;123(1):10Q.09.

. . 2. Waldenstronl et al. BJOG2017;124:1238.244.
3. Haslingekt al. Swiss Med WkIy2016;146:w14330.
Ch ro n I C d Isease 4. Mathews TJ et aNatl Vital Stat Re2002;51(1):413.
. . . 5. Hamilton BE et aNatl Vital Stat Re2015;64(12):%64.
6. Bacak SJ et &im JObstetG 12005;192(2):59597.
A Decreased fertility with advancing e =,
8. Khalil A et alJltrasoundObstetGynecal 2013;42(6):634643.

ag e (> 3 5 ye arS) 9. Solomon CG et AIAMA 1997:278(13):1078083.

10. Khalil A et alltrasoundObstetGynect 2013;42:634643.
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" Children born to older
mothers have positive
physical and emotional

health & the moms
cope well with the
physical/emotional
demands of pregnancy
& parenting

Sutcliffe AG et aBMJ 2012;345:e5116.
Yarrow A. Latecomers: children of parents over 35, Free Press, MacMillan, New York 1991.
Morris M. Lastchance children: growing up with older parents, Columbia University Press, New York 1988.
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A Human Teratogenic risk is A Endocrine disruptors: plastics AUse during pregnancy increased by 62%
undeterminedfor 90% of drugs & pesticides (20022014y _
approved for human use.! A Infections: zika, CMV*, rubella, AObserved effect in the offspring depend
A In the Medicaid population 1 in 5 syphilis, CTAGC*, HSV*, on age & trimester during which they
pregnant women fill an opioid varicellas werte e>f<p%se.d _tot tht? dru?{hang dose &
prescriptiona rate that increased A EMF*: cell phonés AIrEOf?eit: a?erggij :ealll '32 doerstce)o drul?ut
23% in 7 years. Medicaid covers A Pollution: air/H0, polycyclic ;
. : : adverse effect has been seen. Further
the expenses of 40% of births in aromatic hydrocarbons (PAHS) :
. research is needed
the US (transport emissions)
* CMY: Cytomegaloyirus, CT= Chlamydia, GC= Gonorrhea, HSV= Herpes simplex ViI’US&Up to Date https://www.uptodate.com/contents/thepreconceptionroffice- S.igi:eensc;(ae(lj) ijlam;tg,s :Zlé)v;gw.sciencedaiIv.com/reIeases/2019/04/190409135933.htm
EMF= Electromagnetic frequency visit. Accessed May 1, 2019 6.Fine JD et alJAMA Psychiatrublished online March 27, 2019.
1.VanGelderMMHJ et alHumanReprodUpdate 2010:16(4):37894. 4.Zhu'Y et alAm J EpidemioP017;186(3):33¢B43. 7.Correa F et aReproduction2016 Deggi(€:R192200. .
2.Desai RJ et @DbstetGynecal 2014;123(5):9971002. &) Metagenics Institute
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https://www.uptodate.com/contents/the-preconception-office-visit
https://www.sciencedaily.com/releases/2019/04/190409135933.htm
https://www.ncbi.nlm.nih.gov/pubmed/27798285
https://www.ncbi.nlm.nih.gov/pubmed/27798285

INFERTILITY

Recognizelncreased Use of Fertility Services

Defined Prevalence IncidenceMarried?

i by g
A ,’h - " D4
¥ 7 | = Ml
3 k ‘-'i !&‘\/1 r!\","

L @ g QI [
/ i v | 3 » )
§ ’ f I \ ) ‘ = /‘ ' :5 * f' ‘ &

& ;“i ;’; 5 ,’/ f'\ ;7:‘, 7‘
Age 1534 years: 7.38.1%
Age 3539 years: 25%

Age 4044 years: 30%

>12 months (< age 35) &
bc Y2y udaKal ¢

. 0)
20|(_)6;:?|_%10. (:)LlpA)D(aII women

1: Practice Committee of the American Society for Reproductive MedFearglSterl. 2008;90(55upp):S60
2: Chandra A et alNatl Health Stat Repor2013;14(67):418.
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Female Infertility Around
the Globe

Highest in:South Asia, Central/Eastern
Europe, North Africa/Middle East, Oceania,
SubSaharan Africa, Central Asia

2010: Age 2014

A 1.9% were unable to havetlive birtht
A 10.5% were unable to havédive birtht

Recognizelack of obstetric services &
Increased maternal complications. For e.qg.

Postpartum hemorrhageendometritis
pelvic inflammatory disease (PID

1: Mascarenhad/N et al.PLo3Med. 2012;9(12):e1001356.

~ . .
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e //'l/,,”’/lﬂ /’/‘. 9 :/«o |
Causes of Infertility _ = T —
..
MALE:! ~
A Pretesticula& Testicular deficieney
- (Hormonal & Metabolic) e
A Posttesticuladeficiency (Anatomical
& Structural) -
C9a! [ 9Yuueuw .

»

A Ovulatory dysfunction: 232%

A Tubal Damage: 124%

A Endometriosis: 81% >
A Coital Problems: 6%

A Unexplained: 1€29%

A Other Causes-14% ot ez (00

2. AllnanyH.ClinEvid 2005;2005:0819.
3. Bhattacharya S et #lum Reprod2009;24(12):3098107.
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Infertility:
Sperm Quality & Probiotics

A 6-fold INCREASE with sperm
motility & 2-fold DECREASE
concentration of DNA
fragmentation using
L. Rhamnose&B. Longus
3 & 6 weeks

A Quality & quantity of sperm
Improved withL.paracase&
prebioticg

1. ValcarceDG et alBenefMicrobes2017;8(2):19306.
2. Maretti CAndrology2017;5(3):43944.

N . .
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Sperm DNA Damage

Men whose partners had been affected by Recurrent Pregnancy Loss (RPL)
had twice as much sperm DNA damage compared with the unaffected men.
Men whose partners had suffered miscarriage also had affmdnncrease in
the amount of reactive oxygen species compared with unaffected men

https://www.sciencedaily.com/releases/2019/03/190323145146.hthecessed May 5, 2019.
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Recognize
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7,
©

Lactobacillus Staphylococcus

A

Corynebacterium Peptococcus

@

Eubacterium Peptostreptococcus

o

©

Bifidobacterium Streptococcus

@

Bacteroides Escherichia coli

O

Neisseria

Fusobacterium

Female Infertility &
Microbiome

The CDC estimat&9% of US womeasuffer
from bacterial vaginosis, with prevalence
surpassin@0% for African American womeén

Bacterial vaginosis (B\f3 more prevalent in
AVFSNIOATAGEX

A Oral and vaginal treatment with. brevisL.
salivarius L. plantarum, L. acidophilusnd
L. thermophiluseduced BY

A BV is associated with tubal factor infertifity

RecognizeVaginal microbiome is associated
with early Sab (Spontaneous Abortion) and is
modifiable

@ Metagenics Institute



RecognizeReproductive factors are modifiabl

Miscarriage Definition & Disrupted Cycle

APregnancy loss before 2Qveek AReproductive factors/endocrine
gestation (WHO definition: disruption
weighing <500g)* AProlonged ovulation to

A 199020112 implantation (disrupted luteal
o Risk of pregnancy loss: 19.7% phaselt

o Risk of early pregnancy loss: 13.5% (<’ AProIonged time to conception
weeks) (follicular phase)

@ Metagenics Institute



Miscarriage Meds & Substances

Msrtr?grllﬁ: H>(igvy EtOH: 3 Cocaine NSAID use Maternal
cia/ dailgﬂ 2 drinks/week, increases 1st around time of Caffeineintake:
g increases 1st trimester loss & conception 100-1000 m @"8.

Smopiztneénié,g trimester los$ t¢. b (1st 2 weeks

Empower: Change with improved wbking by recognizing root cause for addictive behavic

*EtOH= Ethyl alcohol

1. Chatenoud L et aAnnEpidemiol 1998;8(8):526626.
2.VennersSA et alAm JEpidemial2004;159(10):993.001.

3. Wang L et allEpidemiolCommunity Health2018;72:783789.
4. Windham GC et dEpidemiology1997;8(5):50%14.

5. Ness RB et @&l EnglJ Med.1999;340(5):33339.

6. Li DK et aAm JObstetGynecol2018;219(3):275.e275.e8.

7. Brent RL et aBirth Defects ResBevReprodToxicol 2011;92(2):152A87. /ﬂ\ . .
8. Hahn KA et aHumReprod 2015:30(5):1248 255, &) Metagenics Institute
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Miscarriage Endocrine System

1. Poorly controlled diabetes mellitts 4. Thyroid

2. Hyperprolactinemi& A Increased thyroid peroxidase (TPO) or
thyroglobulin antibodiesTgAD (e.g
3. PCOS*Miscarriage rate in women with I AKAY 202 OB K é NE A R A

PCOS may be as high as4P94

o Common in 10% of females & 2% of males

o AY OStAFO 6SoaPxE
antibodies (TG 1

o Combinedselenomethioning83mcg) &
myoinositol(600mgy

i @ ¢ {TdAb& thyroid stimulating hormone
(TSH)

*PCOS= Polycystic ovary syndrome

1. Kaur R et alntJApplBasic Med Re2016;6(2):798B3.
2. Vanderpump MJ et al. The epidemiology of thyroid disease. In: The Thyroid: A Fundamental and ClinicaleteBraktarmarlE Utiger RD Ed9, LippincottRaven, Philadelphia 1996. p. 474

3. NordioM et al.J Thyroid Research013;2013:15. w MetagenICS |nSt|tUte
© 2019Metagenicdnstitute. All Rights Reserved.



Thyroid Function in Pregnancy

A An estimated 300,000 pregnancies impacted by thyroid
disease in the United States annually.

A For the first 1612 weeks of pregnancy, the baby is
completely dependent on the mother for the
production of thyroid hormone. By the end of the first »
UNAYSAaUSNE UKS o0l 0éQa UKENZAR
hormone on its own. The baby, however, remains i
dependent on the mother for ingestion of adequate
amounts of iodine, which is essential to make the
thyroid hormonest!

A Hypothyroidism is the most commonly encountered
clinical disorder in pregnant womeh.

1. American Thyroid Association. https://www.thyroid.org/vgentent/uploads/patients/brochures/Thyroid_Disesease Pregnancy_brocpdfe
Accessed March 27, 2019.

- ~ i .
2. DiegueaM et al.ClinEndocrinology2016;8:12126. @ Metager"CS |ﬂS’[I’[Ut€
© 2019Metagenicdnstitute. All Rights Reserved. -




Thyroid Conditions Range Frdmo Littleto
Too MuchThyroid Hormong&®

Autoimmune
thyroiditis,
| I aKAY

Hyperthyroid

Subclinical Overt

(autoimmune,
DNJ @S Qa

hypothyroid § hypothyroid thyroiditis

(Hypothyroid)

. Alexander EK et alhyroid 2017;27(3):315389.

. Taylor PN et akrontEndocrinal 2018;9:626.
Korevaar TIM et dNat Rev Endocrino?017;13:616622.
Krassas GE et BhdocrRev.2010;31:702755.

. Cooper DS et dlancet 2012;379:11421154.

Lo . .
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Thyroid disease Is associated with disorders in maternal and fetal advanceme

Hyperthyroidism, Congenital Maternal: heart failure, placental abruption,
Overt1.35 malformations preeclampsia, preterm delivery
Fetal:goiter, intrauterine growth restriction, small
for gestational age, stillbirth, thyroid dysfunction

Hyperthyroidism, T None T

Subclinical-3>

Hypothyroidism, Decreased fertility, Maternal: Anemia, gestational Maternal thyroid

overtl> increased miscarriage hypertension, miscarriage, placental dysfunction,
abruption, preeclampsia, Myopathy hemorrhage

Congestive heart failure

Fetal:severe cognitive, neurological and
developmental abnormalities, impaired brain
development (if untreated in mother)
preterm birth, low birth weight

Hypothyroidism, Effects similar to overt Effects similar to overt hypothyroidism Effects similar to overt
subclinical® hypothyroidism hypothyroidism
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Nutrients Influencing Healthy Thyroid Function

Proper production
thyroxine (T4}:3812

lodine

Iron

Magnesium
Selenium

Zinc

Vitamins C, D, E
B, By B

Tyrosine

o Joo T T To Bo o I

ReduceTPOAand TgAB2
A Myo-inositol
A Selenium

. KoéhrleJ.Curr Opin Endocrinol Diabetes Oh#&15;22(5):39201.
. NordioM et al.Int J EndocrinoR017; 2017:2549491.

. Velasco | et aNutrients.2018;10(3):290.

SeveralS et allnt J Vitam Nutr &s. 2019;19.

. Kim DInt J Mol Sc2017;18(9):1949.

. Li S et ald Nutr Sci Vitaminol (Toky@016;62(6):39401.

. ApelandT et al. Clin Biochem. 2006;39(3):282

. CitterioCE et al. Nat Ré&andocrinol 2019;15(6):32338

9. HenriquesBJ et alCurr Drug Target2016;17(13):152-B4.

ONOUTAWN R

10.FrickerRA et allnt J Tryptophan Re2018;11:1178646918776658.

11.Mantel D et alAntioxidants (Basgl2019;16;8(2).
12.WesselinkE et alClin Nutr 2019;38(3):98395.

RT3 and T3 compete for binding sites

\ 4

Nucleus/

Mitochondria

© 2019Metagenicdnstitute. All Rights Reserved.

tCentraI and peripheral T4
to trilodothyronine (T3) via
deiodinase$*

Selenium
AZinc

Improve cellular sensitivity
to thyroid hormoneg

A Zinc
A Vitamin A

Support mitochondria %12

A Magnesium
A Vitamin C, E
A B, B, B

A CoQ,

A Selenim
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Polycystic Ovary Syndrome (PCOS)

Defined in 1935

A Androgen excess

A Menstrual irregularity

A Cardio metabolic dysfunction
A Obesity

A Insulin resistance

A Anovulatoryinfertility

Criteria & Prevalence
A NIH* (1990) 6% (58%, n=18 trials)
A Rotterdam (2003) 10% (813%, n=15 trials)

A Androgen excess & PCOS socieiy0% (713%, n=10
trials)

. *NIH=National Institutes of Health, LH= Luteinizing hormone

1. Stein IF et aAm JObstetGynecol1935;29(2):184191.
2. Bozdag G et dlum Reprod2016;31(12):2842855.

3. https://www.uptodate.com/contents/etiologyand-pathophysiologyof-polycystieovary-syndromein-adolescents Accessed May 1, 2019

Definition? Etiology

AHeterogenous

4L egroRSet al.Proc Natl Acad Sci U S1898;95(25):14956496Q

o Interaction of multiple gene variants &
environmental factors like diet &
obesity?

o Estimated 20% genetic influence

i 30+ gene variants so far, e.g. LHZG
receptor (LHCGR)

i Thyroid adenoma associated protein
(THADA) impaired beta cell functfon
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https://www.uptodate.com/contents/etiology-and-pathophysiology-of-polycystic-ovary-syndrome-in-adolescents

A Obesity worsens ovulatory dysfunction

PCOSPhysioIogy & pregnancy outcome

o Common in PCO&ut occurs
independent of PCGSA U Qa H LINE

A Impaired follicle development not 14
o Increased LH to FSH ratigpersecretion A Prevalence of obesity varies widely
of androgens in the theca cells across populations & PCOS does not
A Insulin resistance & hyperinsulinemia o Prevalence of PCOS w/weight does not
50-70% of women with PCGS vary (82-9.9%}%
o Hypersensitive to insulistimulating A Lifestyle factors
androgen secretion & GLUT 4 secretion o High GI* diet, because of insulin
resistance
*Gl= Glycemic index & aSSOCiation With ObeSiW
; LFJzJutlzeDrBa(ié .’\AW?/\EVZ.Eg?oodcaz?eé\clgri?ggiféﬁ:s?/élp?gémio|O@ﬁdgeneticsof—the—pochystieovarysyndromein— A E nVI ro n m e ntal faCtO rS
i o Androgen mimicking environmental
5. Carmina E et aHumReprod2003;18(11):2282293. tOXI n§_7

6. KandarakK et al.J ClirEndocrinoMetab. 2011;96(3):E48&484.
7. VagiSJ et aBMCEndocmDisord 2014;14:86.

Ve . .
&) Metagenics Institute
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PCOSnterventions

A Lifestyle interventionis
recommended afrst-line
management for women with PCOS
and obesity

AWomen with PCOS can significantly
benefit from lifestyle changes,
specifically, eating Bbbw-glycemic
diet, incorporating nutritional
supplements increasing theliactivity
level, andmanaging stres%s°
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PCOS & Probiotics

A Coadministration of vitamin B 50,000 IU + 8 BIL CFU probiotic VS. no probiot
for 12 weeks

Results
o Improved mood, markers of inflammation & androgen excess

o Decreased total testosterone (NsCRHEmalondialdehyde (MDA)*
o Increased total antioxidant concentration (TAC), glutathione (GSH)
o Improved Beck Depression scale
*measures oxidative stress
A Strains:L. acidophilusB. bifidum, LreuteriandL.fermentum

@ Metagenics Institute



Hypothalamus Where Healthy Hormonal Function Begins

-
Gonadotropin-releasing hormone
Hypothalamus (Gr_lRH) i_s responsible for the release of
H I follicle stimulating hormone (FSH) and
O rl I |O na luteinizing hormone (LH).
CO ntrOI Follicle stimulating hormone (FSH)
o stimulates the release of eggs from the
D u r| n g ovaries. FSH is also critical for sperm
production.
y Luteinizing hormone (LH) stimulates
the production of estradiol in the ovaries
LH&FsH and the production of testosterone from
Leydig cells in the testes.
“Feedback “Feedback
hormones” hormones”
— Testes  or Ovaries Estrogen assists in endometrial regrowth,
: ; / ovulation, and also responsible for the
\ v secondary sexual characteristics of
females.
Sperm cells
Egg cell
ST Testostgrone, the hormone
i responsible for the secondary sexual
7 T characteristics that develop in the
A male during adolescence, stimulates
P Testosterone Estrogen spermatogenesis.
Voice “breaks” growth of Broadening of the hips,
muscle tissue enlargement menstruation begins,
of genitalia, facial, pubic, development of breasts,
& axilary hair pubic & axillary hair
Modified chart from:
Progesterone <« s https://commons.wikimedia.org/wiki/File:Flow_diagram_showing_normal_hormonal_control_of pu
Inhibin organ growth berty.gif Accessed April 15, 2019.
- Ovaries lGlY-l https://creativecommons.org/licenses/bga/3.0/legalcode
AN\ . .
Adapted from: 179 RA G A2y 27F | F NNR & Faues Braunwatt. Et al2 F OAY S ® &) Metagenics Institute

SRA
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UTERINE CYCLE

| MENSES | PROLIFERATIVE SECRETORY |

httgs:llcorhmons.wikimedia.orq/wikilFiIe:MenstruaICcheZ en.svgeessed April 14, 2019.
https://creativecommons.org/licenses/bga/3.0/legalcode



https://commons.wikimedia.org/wiki/File:MenstrualCycle2_en.svg
https://creativecommons.org/licenses/by-sa/3.0/legalcode

HypothalamiePituitary-Gonadal (HPG) Axis
Governs the Menstrual Cycle

Anterior pituitary
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https://commons.wikimedia.org/wiki/File:MenstrualCycle2 en.s¥gcessed April 14, 2019.

https://creativecommons.org/licenses/bga/3.0/legalcode

Hawkins SMANnn N YAcadSci 2008;1135:168.

SECRETORY

Day 14 Follicular phaseEstrogerpredominantt
growth and development

Day 14GnRH surge generatoPreovulatory surge of
GnRH occurringeveral hours prior to LH surge

Day 14Luteal surgeMature folliclereleased for
fertilization, marking thetransition from estrogen
dominance tgorogesterone dominance

Day 1528 Luteal phaseProgesterone rises due to
follicularluteinization and the corpus luteum i®rmed
continuingto secreteprogesterone and estrogens, which
further inhibits follicular development

No fertilization: Endometrial liningmpacted by
inflammatoryprostaglandins resulting in menses
progesterone decline

Day 28Menstruation: Discharge ofinused
endometrium progesteroneand estrogen low
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Fluctuating Estradiol and
Progesterone Levels

Phases of the Ovarian Continuum

A.
B.
C.

F.

In childhood and menopause

In pubertal development

In PCOS, usually associated with the
presence of increased adiposity
perimenopausal period

After breastfeeding during the period of
returning fertility, the menopausal
transition, and in women presenting
hypothyroidism

Adeqguate hormonal balance between
estradiol and progesterone

G-H. Exogenous hormone administration

THE OVARIAN CONTINUUM

ADMINISTRATION

HORMONE

EXOGENOUS

Cycles with
No Ovarian activity

Anovulatorycycles With
fluctuating Estrogen levels

Cycles wittAnovulatory
Ovarian activity With constantly
increased Estrogen levels

Cycles with a luteinized
Unrupturedfollicle

Cycles with ovulation
Followed by deficient
Luteal phase

Ovulatory cycles
With adequate
Luteal phases

Combined contraception
(ie. Oral, vaginal ring,
Patches & IM)

Only progesterone
(ig, oral, subdermal
Implant & IM)

Hormone therapy
(ie. Transdermal & oral)

Figure:Del Rio JP et d&ront Public Healtt2018;6:141http://creativecommons.org/licenses/by/4.0/. Accessed March 27, 2019.
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Manage Aromatase (CYP19) and Control Estrogen Biosynthesis

[ Cholesterol (mostly LDL) ] Production and conversion of estrogen
(CYP11A)
- v
[ Pregnenolone w [ DHEA J
(3BHSD) : (3BHSD) ---------------------- ‘; : .
| | | ——— Production:
4 : \ Active :

— [ Progesterone }-:- > [Androstenedione} Arc()crys]t;se > | Estrols‘;,en Ar?jmaj':tase éCYPlg)dtrtan?fO:mS
. ! ! R andarosienedione and testosterone
o | (75D ~ 2]]¢ | toElandE2
v Vo v SRS

[ Aldosterone J[Cortisol} [ Testosterone } Ar?ssgse > Estrone (E1)

Represents multiple
. rsi

enzymatic conversions

Tsuchiya Y et aCancet_ett. 2005227(2):115¢124. O . .
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Aromatase (CYP19) Is Critical to Ovarian Follicle Maturation,
Estrogen Production, and the Luteal Surge

LH

A Mature follicletheca cellsprovide
androstenedione an estrogen precursor, the
granulosa cellswhere androstenedione is
aromatized(CYP19) testrogen

A Granulosa cellsransform androstenedione to
estrogen (thed S & 0 N2 3 $tifat tigBersa U €
the pituitary signal to transition to the luteal
phase viduteal surge

GRANULOSA
CELL

y
FSH FSH Receptor To Follicle

Adapted from: http://whatwhen-how.com/acpmedicine/amenorrhegart-1/.

Accessed April 25, 2019.
Delwd JP et alFront Public Healtt20186:141
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Increased demand for cortisol (i.e.,

chronic stress) reduces availability of
estrogen precursors DHEA and
androstenedione

This may result in reduced levels of

pregnenoloneand progesterone,
G KSNBO @ X

Miller WL et alEndocr Rex2011;321):81¢151

70 . .
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Aromatase Is Stimulated by Inflammation and Contributes 1c

Excess Estrogen Body Burden

A Aromatase is upregulated by
prostaglandink

A Responds to positive feedback cycle

A Increased levels of aromatase are found
in higher fatto-muscle ratié

A Increased aromatase levels are linked
to:2

A Synovial fluid in rheumatoid arthritis
A Uterine fibroids

A Endometriosis

A Breast cancer cells

1. Richards JA et alClinEndocrinoMetab. 2003;88(6):2812816.
2. Bulun SE et aBemReprMed. 2004;22(1):45.

[ Cholesterol (mostly LDL) ]

(CYPT1A)

\/

Production and conversion of estrogen

[ - (CYP17)
[ Pregnenolone }T’ [ DHEA }

(3BHSD)

\/

[ Progesterone } --

|
|
I
I
'

\/ vV v
|

[ Aldosterone }[Cortiso}

(3BHSD)

\/

Aromatase

Estradiol (E2)
Active
Estrogen

[ Androstenedione }

1
| (17BHSD)
1

\

(CYP19)

Aromatase

\ 4

(17BHSD1)
(casHg/LL)

I

[ Testosterone }

(CYP19)

\ 4

Estrone (E1)

Represents multiple
enzymatic conversions
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Cortisol Dysregulation e

. < /

Relation Between Stress and -
Metabolic Disorders l

{ Cortisol

Subclinical

hypercortisolism
HP’_A‘ axis dysrggula_tlon IS Lipolysis Accumulation of
an important biological Free Fatty Acid releas visceral fat
link between stress,
: Insulin Resistance Central Obesity

dgpressmn, and tHbA1ct triglycerides, HDL®==% tintra-abdominal fat,
diabetes. twaist circumference

Morris P et alCancePrevRes2011;4(7):102¢1029.

Steptoe A et alProc Natl Acad Sci U S2814;111(44):15693568B. .
Carvalhd_A et alPsychoneuroendocrinolog®015;51:20218. Type 2 D I abetes

Image adapted from: Joseph JJ effain N YAcadSci 2017; 1391(1): 2(B4.

70 . .
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Evidence Shows Reproductive Function Declines at Both Extren

of Human Energy Balance

A Hyperinsulinaemién obese men has
an inhibitory effect on normal
spermatogenesis and can be linked to
decreased male fertilit.

Altered

A Women with PCOS demonstrate  spematogenesis

hyperinsulinaemiand/or insulin
resistance?

A Obesity also potentially adversely
affects the endometrium,
Implantation and early fetal
development, thus increasing the
risk of miscarriagé.

1. AgbajelM et al. HumReprod 2007;22:18741877.
2. DeLioV et al.EndocRev 2003;24:638667.

3. Hall LF et aDbstetGynecolSurv 2005;60:258260.
4. LasherH et al.HumReprod 2004;19:16446.

Male infertility

/ HPG axis \

: Female infertility
. Environmental factors

E Genetic factors
: Lifestyle changes :

Suppressed l : Insulin
. SHBG l

Obesity/
Diabetes

* Aromatase

Hyperestrogenemia «

- Hyperestrc;gen emia

Bioactive

'Gr Endometnium

1|GF-1 llGFBP-1 'y
\ '/

| Bioactive IGF-11

Hypoandrogenism
{LOW serum testosterone) : Insulin resistance i

l \ Oxidative stress

L] L}
Erectile dysfunction +—— Macro- and micro.
+ vascular complications
; : Endometrial

n L]
: : cancer
@ : Chronic  |—» 1Progesterone—
: annovulation
L]

Image adapted fromVenkatesarV et al.Indian J Med Re2014;1408uppll):S9&S105.
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Nutritional Bicactives Play Key Roles in Estrogen Metabolism

They share the same and different biochemical targets: production, storage/distribution,
receptor binding/protection, Phase | and Il detoxification

Phytoestrogens Macronutrients

Polyphenols

@ Metagenics Institute
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Factors Associated with Risk for Endometriosis

Factors Linked to Increased Risk Factors Linkedo Decreased Risk

Family history of endometriosis Current use of oral contraceptive pills
Earlier ageat menarche Increased parity

Short menstrual cycles (<27 days) and long Increased body mass index (BMI)
duration menses (> 7 days)

Reduced salivary cortisol levels Regular exercise

Genetic influences Later age at menarche

Infertility or nulliparity Dietary intake of fish and omegafatty acids
History of excessive caffeine alicohol History of breast feeding

History of chronigntestinal inflammatory Increased intake of omegafatty acids and

conditions (Inflammatory Bowel Syndrome, reduction of trandats in diet
| NP Ky Qas OStAlIO RA&ASI
Table adapted from: Parasar P et@lrrObstetGynecoRep 2017;6(1):341.

1. AlghetaaHF et alJ Immun2018;200(1):108. 5. Bailey MT et alHumReprod2002;17(7):1704.708.

2. Pan Q et aMol HumReprod2007;13:79¢806. 6.EkMetal.. a/ 2 2YSy Q@al51559.tf (i Ko
3. Kwa M et alJ Natl Cancer Ins2016;108(8). 7. Santoro L et aBiomed Res In2014;2014:236821.

4. Baker JM et aMaturitas. 2017;103:4553.
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Current Treatment
and management
strategies for
Endometriosis®

1. Greene AD et aReproduction2016;152(3):R6R78.

2. Alghetaa HF et al.Immun2018;200(1):108.

3. Dai Y et aReprodHealth 2018;15(1):82.

4. Hansen KA et alinObstetGynecol2010;53(2):403112.
5. Soave | et alEndometrPelvic Pain Di2018;10(2) 5871.

Conventional Medical Options

Lifestyle Modifications

Natural Therapies

e Pain Management
- Use of common analgesics or
NSAIDs
e Hormonal therapy
- Continuous oral
contraceptives for shorter,
lighter menses
- Keep S.estradiol < 30
- Gonadotropin-releasing
hormone (Gn-RH) agonists
and antagonists to lower
estrogen levels, prevent
menses and shrink
endometrial tissues
- Progestin therapy including
intrauterine devices,
injections or pills can stop
menses as well as
endometrial implants
- Aromatase inhibitors to
reduce estrogen levels
e  Surgical intervention
- Conservative (laparoscopic)
surgery to maintain fertility
removes endometrial
implants but preserves
uterus and ovaries
- Semi-conservative surgery
involves hysterectomy and
implant reduction
- Radical surgery with
hysterectomy and bilateral
oophorectomy

Aercbic exercise
May reduce/maoderate
estrogen and increase
endorphins
Improve dietary intake
Increase intake of fruits and
vegetables
Consider plant based diet
Increase amount of omega-3
fatty acids
Reduce alcohol and caffeine
Alcohol shown to increase
estrogen levels so reducing
or stopping will help
Stress reduction and
emotional support
Avoid stressful situations
and/or high stress people
Practice stress reduction
techniques: yoga,
meditation, journaling
Meet with therapist or
counselor if needed
Acupuncture
Evidence based therapy
that has been shown to
reduce pain and stress
associated with EMS

Nutritional/dietary changes
Eliminate food allergies
Decrease fat intake
Avoid refined sugar and
carbohydrates
Increase fiber to support
regular elimination

Vitamins and minerals
Vitamin A: 50,000 |U
VitaminC:3-5g
Vitamin E: 400 IU
Vitamin D: 1000 U
Vitamin K: 90 mcg
Vitamin B6: 50 mg
Vitamin B12: 300 mcg
Folate: 400 mcg
Niacin: 10 mg
Riboflavin 1 mg
Thiamin: 0.75 mg
Selenium: 250-400 mcg
Zinc: 30 mg
Magnesium: 200 mg
Manganese: 1 mg
Calcium D-glucarate: 1.5 g
Mixed Carotenoids: 1.5 mg

Supplements & Botanicals
Flaxseed (Lignans): 1.84 mg
Silymarin extract: 280 mg
Curcumin: 100 mg
NAC: 100 mg
Rosemary: 100 mg
Omega-3 fatty acids: 2-5g
Quercetin: 500 mg
Digestive enzymes
Probiotics
(L.acidophilus and L.bifidus)

6. Endometriosis. https://www.metagenicsinstitute.com/blogs/endometriesygnptoms/ Accessed on April 11, 2019.
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Human Chorionic Gonadotropih@Q: The Pregnancy Hormone

Human chorionic

A Major role ofhCGduring pregnancy includes A 9onadotropin
ovulation induction, maintenance of the
corpus luteum and stimulation of its Estrogen
progesterone production during the first 9
weeks of preghancy.

Fertilization
Progesterpne

A Abnormalities in the production and the
circulating levels dhCGhave been associated
with a large array of pregnancy complications,
such as miscarriages, fetal chromosomal
anomalies, preeclampsiand disturbances in
fetal growth and developmertt. _T >

Ovulation Delivery

Adapted from: Lu J et @ReprodBiolEndocrinal 2018;16(1):80.
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Genetic Assessments

Chromosomal Gene Variant

ARelatively little impact on global
nealth

A Often nonrmanipulatable

Environmental Epigenomics in Health and Disease: Epigenetics and Complex Diseases

ARare (<1%) A Common (349%)

A Devastating A Cumulative, with significant
Impact on global health

AManipulatable

o Other manipulatable gene processes
. Histone modification
' DNA methylation

Imprintome

- Micro RNA
" MTORE

@ Metagenics Institute


http://www.amazon.com/Environmental-Epigenomics-Health-Disease-Epigenetics/dp/3642368263/

MTHFR

Methylenetetrahydrofolate reductase

Common SNP

Many MTHFR Polymorphisms > 40 ident#ied
C677>T and A1298>C most studied

{bt Qa | aa20A1F0SR GA0K
enzymatic activity in activating anethylating
folate?

A 35% activity reduction heterozygous

A 70%90% activity reduction homozygous
recessive

Do T Do I

1. Genetics Home Reference. http://ghr.nim.nih.gov/gene/MTHFR. Accessed April 29, 2019.

2. McBride C. (2012, April 1&pplications of genomics to improve public health [Lecture 12].
brdA2ylf 1 dzvyty DSy 2GuSenil8picsSin Geloikhe Anglysid 201i2dzi S Q &
Retrieved from http://www.genome.gov/Course2012/

3. Shiao SPK et @iolResNurs 2016;18(4):357369.

i . . A . .
4. Nazki FH et aGene2014;533(1):120. © 2019Metagenicdnstitute. All Rights Reserved. @ Metagenics Institute
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5-methyltetrahydrofolate (SMTHF)An Alternative to Folic Acid

Leafy vegetables Fortified Foods/
Legumes Supplements

A Methylenetetrahydrofolate reductase Dietary Folate Folic acid

(MTHFRIs less active in people with a . /
genetic polymorphism of :

MTHERC677T. Dihydrofolate

|

Tetrahydrofolate
[

A 5-MTHF supplementation can increase 5,10
folate levels in early pregnancy that Methylenetetrahydrofolate

may prevent NTDs34 l MTHFR

Active
Eorm 5-methyltetrahydrofolate

© 2019Metagenicdnstitute. All Rights Reserved.

A This polymorphism results in less
biologically available-MTHF which
increases the risk of NTDs (Neural
Tube Defects).

GreenberJA et alRevObstetGynecol2011;4:5259.
Molloy AM et alAnnuRevNutr. 2017;37:26291.
Scagliond- et al Xenobiotica2014,;44:480488.
Obeid R et al. Perinat Med2013;41(5):469483.

(1 N

5-methyltetrahydrofolate

5-methyltetrahydrofolate
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Autism Spectrum Disorder (ASD)

A About1 IN 59children has been identified with ASD according to estimates from!CDC

A ASD is 4 times more prevalent in males than in females.
A Identified correlations:”

i

genetic factors, environmental factors, short id@egnancy interval, environmental chemicadscohol,
cocaine, and toxic metals taken by the mother during pregnancy

folate deficiency, maternal stress

sustained pospartum inflammation from previous pregnancy for short interval and infertility
unintended pregnancy

maternal infections during pregnancy

maternal and fetal inflammation, maternal diseases (diabetes mellitus), including autoimmune disea:
or allergic diseases such as asthma

pregnancy and birth complications like extreme prematurity before 26 weeks, low birth weight, multif
pregnancies
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Methylation Map

Address methylation issues 3 months prior through th& month after conception

Methionine cycle

Methionine

Methylation map Folate cycle
Urea Neurotransmitter

Arginine -
/ Tryptophan Tyrosine

AMe

Thymidine
synthesis

DNA, RNA
protein, lipids

DMG (" Guanido Ac
BHMT Creatine — Creatinine

SAH
™G \——» adenosine

Homocysteine

Methylation |—>

Ornithine

BH4

'NOS | | DHPR | ‘

- Methyltetrahydrofolate reductase SNP.

\ / : f 5 Methyl
f { THF

Citrulline + NO Transsulfuration
Serotonin Dopamine B6, PSP Ammonia
Neuronal Peroxynitrate : SR R R e e g’f.—;“
damage st +‘Mm&§m; AA"NM&PJ
Microglial Taurine Suliite Glutathione
activation Super Oxide moly
Sulfate SUOX

; Catechol-o-methyltranferase SNP
MO methy|at'on fa'Ctors y Image adapted from: Amy | & Matlfyktion Map

3 months prior to conception https://www.knowyourgenetics.com/media/pdf/Simplified%20Prot

and one month after conception [ 2090 INcrease risk ratio of AUtiISM eeoipst cocoee e+ oo

Schmidt, RJ et dEpidemiol 2011;22(4):4745. -~
& Metagenics Institute
© 2019Metagenicdnstitute. All Rights Reserved.


https://www.knowyourgenetics.com/media/pdf/Simplified%20Protocol.pdf

Functional Roles of Oréarbon Metabolism

Gene regulation (activation/inactivation)

Biotransformation (phase 2)

Neurotransmitter formation: dopamine, epinephrine, and serotonin
Hormone biotransformation estrogens

Immune cell differentiation (T cells, NK cells)

Energy metabolismJoQ10, carnitine, ATP)

Myelinationof peripheral nerves

RNA and DNA synthesis (thynmumethyluraci)

Post transcriptional modulation (e.methylcytosing

© O NOOGAWDNRE
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Preconception Male: Assessment & Interventions

Age HTN
<30 years Hyperlipidemia
>40 years DMII
BMI & body Testicular cancer
composition Stressaffective or
>19 psychotic disorders,
<25 ASD, ADD

R/O sleep apnea

Protein (Amino Acids) Fats

Acetyl tcarnitine:

1000 mg EPA

Khandwala YS et &MJ.2018;363:k4372.

Jayasena CN et aClinChem 2019;65(1):161169.

Boeri L et alBJU Int2019;123(5):89898.

Jozkow P et aEndokrynologid@olska2012;63:4449.

Sermondade N et aHumReprodUpdate 2013;19(3):22231.

Comhaire FAndrologia 2010;42(5):33¢340.

Doba T et aBiochimicaet BiophysicaActa 1985;835(2):298303.

Combhaire F et alProstaglandingd.eukotEssentatty Acids2000;63(3):158165.

Alcohol / Tobacco / Drug
/ THC or CBD / Other
Smoking

Caffeine intake

Vegan / Vegetarian
Omega 6:0mega 3 ratio

Minerals

Omega 3 Fatty Acids: DHA & Selenium: 8B00 mcg

Zinc Picolinate: 10 mg

© 2019Metagenicdnstitute. All Rights Reserved.

Intensity: 2 60% of
VO, max &¢80% of VO

Medications that may
interfere w/semen

quality: max
antidepressants, Frequency5X weekly,
calcium channel >30 minutes

blockers, alpha
adrenergic blockers,
antiepileptics,
antiretroviral drugs
Chemical exposure

Vitamins Antioxidants
Vitamin AKp nnn L a CoQ10: 206800 mg
Vitamin C: 1 gm NAC: 600 mg
Vitamin E: 10200 mg EGCG, green tea:&2cups
Inositol: 2 gm daily
Methylfolate: Probiotics
1000 mcgb mg (higher L.rhamnosus
dosing, 34 months) B. Longus

Methylcobalamin L.paracasei& prebiotics

Vitamin D
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Age & BMI Health Status Lifestyle

Age Thyroid Disruption Alcohol / Tobacco / Dru¢  Toxic exposures Intensity: mild,
Teen (Hypo/Hyper) / THC or CBD / Other Teratogens moderate, high
>20 years & <35 years DMII Smoking NSAID use habitual
AMA, >35 years HTN Caffeine intake&t500mg Frequency5X weekly,
V-AMA, >45 years PCOS daily >30 minutes
BMI & body Endometriosis Vegan / Vegetarian
composition Stress dysregulation Omega 6:0mega 3 ratio
>19 (SDPRffective or
<25 psychotic disorders, ASI

ADD
Homocysteinemia
Protein (Amino Acids) Fats Minerals Vitamins Antioxidants
Omega 3 Fatty Acids: Iron (elementaliron)25 + A GF YA Y | )X garotenocids (R/®/Y)
DHA 7061000 mg EPA mg Methylfolate 1000 mcg Vitamin C
500 mg lodine 150 mcg Methylcobalamin Vitamin E
Selenium 200 mcg Vitamin D 2000 IUs Probiotics
Zinc 25 mg B Vitamin, Complex Lactobacillspecies
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Multiple Micronutrient
Supplementation

Gwl YR2YATI SR 02y (NP
supplementation has yielded mixed
results and raised a hypothesis thatitis |
unlikely to be one single micronutrient ¢
that will be beneficial in these
complicated pregnancies and rather that %
more can be gained by comprehensively,/‘/‘_ |
supporting maternal homeostasis 7
through multiple-micronutrient g
adzLJLX SYSYyalF A2y 6a

Perkins AV et al. Placenta. 2016;38((pl1):S61S65.

Ve . .
&) Metagenics Institute
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DHA & Preterm Birth :
600mg in Pregnancy

The Kansas University DHA
Outcomes Study (KUDOS) found a
significant reduction in early
preterm birthswith a supplement
of 600 mg DHA per day compared
to placebo.

Shireman Tl et aProstaglandind.eukotEssenfatty Acids2016;111:810.

/e . .
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Breast Milk Has Higher Levels of Speciali
Proresolving Lipid Mediators (SPMSs)

A SPMs and their precursors are modulated in mothers and
infants during pregnancy, thus may play an important
role in maternatfetal healthl

A n-3 Fatty acid supplementation during pregnancy was
associated with an increase in SPM precursors in the
offspring at birth14

A Increased DHA intake was associated with elevated
maternal plasmdresolvirD1 (RvD1) and RvD2 in
neonatal intensive care unit admission indicating that
increased 3 fatty acid intake may provide increased
substrate for the production of SPM during higsk
pregnancy/delivery conditions.

A Breast milk from inflamed mammary glands (mastitis)
has lower SPM levels.
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L-Carnitine

1. Pekala J et aCurrDrugMetab. 2011;12(7):66678.
2. Lohninger A et alGynakolGeburtshilflicheRundsch2009:49(40):23@35.
3. Ku CW et aBBA clinical20178:48-55.
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ZINnc

Almportant cofactor for more than 300 identified zinmetalloenzymes

A Zinc insufficiency in late pregnancy disrupts neuronal replication and
synaptogenesis

AMaternal deficiency is associated with decreased DNA, RNA, and protein
content in the F1 brain

A Zinc deficiency affects one in five world inhabitants
A Zinc supplementation reduces the risk of preterm birth, though not SGA
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Perinatal Nutrient Deficiency Rates: Carnitine
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