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A gradual increase in maternal age at first
pregnancy 1960-2018 (US)

1960 (diversity = 0.72) w1990 (diversity = 0.78) 2018 (diversity = 0.78)

N

<15 15-17 18-19 20-24 25-29 30-34 35-39 40-44 45-49 50+

Schweizer, V. J. et al. BGSU 2020



Total number of births and birth rates among women

aged 45 and older
US data

Births to 1000 total deliveries Birth rates

>
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2237 - Aged5-49
-+ Age o0 - o4

1000 total deliveries
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Birth rate among women

1990 19485 2000 2003 20170 1980 1985 1990 1995 2000 2002 2010

e

Year Year

@PLOS | ONE
Grotegut CA, et al. (2014) PLoS One ENTH ANNIVERSAR




Pregnancy Iin older women —

what are the implications?



Background risk factors:
Diabetes Mellitus

X4

Diabetes prevalence (%)

lll'I I‘M|M|

Au:- qrou

Saeedi P. et al Diabet Res 2019



Background risk factors:
Hypertension

c
(=}
B
3
>
o
o
a
b
=}
c
]
o
—
[
a

45-54 55-64
Age (years)
EMale BFemale

Heart Disease and Stroke Statistics—2020 Update: A Report From the American Heart Association



Background risk factors:
Prevalence of obesity

BMI increase with age

cactors for adverse
permata\ outcome

o
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3
o
E
2
C)
o
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RS

18-34 35-44 45-54 55-64 65-74 75+ Total

O BMI>=25 & <30 kg/m2 @ BMI>= 30 kg/m2



Advanced maternal age and adverse
perinatal outcome

Swedish population registry n=900,000

Adjusted Odds

20-29 yrs 40-44 yrs 45 yrs &more

Perinatal
mortality

Jacobsson et al. Obstet Gynecol 2004



Increasing maternal age associated with

Increasing background risk factors

Also independently associated with adverse pregnancy
outcome

Age Is a continuum, not a threshold effect



Preterm deliveries by maternal age

Preterm births by maternal age in U.S.

Percent of live births that
are preterm, 2003-2005 16.6

14.5
15

0

Under 20 20-29 30-39 40 or older Total U.S.

Mother's age

tarch of Dimes Peristats

US March of Dimes



Preterm birth <33wks

(%)}
S
)
.
O
o
>
Y
o
—
c
(D)
O
|-
O
(a

20-24 25-29 30-34 35-39 40-44

Maternal age

adapted from Israel Health ministry data
Presented in Annual meeting of the Israeli Maternal Fetal Medicine association 2017



Multifetal pregnancies
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20-24 25-29 30-34 35-39 40-44

Maternal age

adapted from Israel Health ministry data
Presented in Annual meeting of the Israeli Maternal Fetal Medicine association 2017



Fetal mortality rates by maternal age,
USA 2005

Multiple

fetal deaths
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Total Under 15-19 20-24 25-29 30-34 35-39
15

SOURCE: CDC/NCHS, National Vital Statistics System, fetal mortality data, 2005,




Age and fertility

Fertility

IVF
Oocyte donation
Oocyte cryopreservation

Spontaneous
abortions

Rate of Spontaneous Abortions (%)

c
a
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=
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=
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L=

=2

H
3
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o=

z
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[T

| 20-24 25-29 30-34 35-30 4044 =45

Maternal Age (yr)

A”OW Overcomlng Of age-rEIated d( Figure. Fertility and Miscarriage Rates as a Function

of Maternal Age.
Adapted from Menken et al.* and Anderson et al.*




Older-age pregnancy with ovum
donation

With young donor oocytes “the sky is the limit”

35-45% clinical pregnancy rates

Increased risk of complications:
—Age
—Donated oocytes




Pregnancy beyond age 50

Salihu et al Obstet Gynecol 2003

= All deliveries in US 1997-1999 (n~12,000,000)
= Population registry

= 4 age groups: 20-29 30-39 40-49 50-54
= 50-54 yrs:

—N=539

—29% primips

—37% multiples



Maternal morbidity (per 1000 deliveries)

90

80

70

10,

50
40

W 20-29

30

20

0 30-39

rate per 1000 deliveries

10

W 40-49
050+

Salihu et al, Obstet Gynecol 2003



Fetal morbidity (per 1000 deliveries)

Singletons

te per 1,000

a

R

\
\
il

Low birth  Very low Preterm Very Small for Fetal
weight  birth weight <37 preterm  gestational mortality
<33 age

Salihu et al, Obstet Gynecol 2003



Pregnancy in the 6" decade of life

Paulson et al. JAMA 2002

Singleton | Twins Triplets

Gestational age | 38.4 wks | 35.8 wks 32.2 wks
Birth weight 3039 gr |[2254 gr 1913 gr

25% preeclampsia
10% severe preeclampsia



Pregnancy after age 50

~
o

(@)
o

Percentage
W b~ O
o O O

R N
o O

o

c-section diabetes HTN hospitalization

| 45-49 O50+

Simchen et al, Obstet Gynecol 2006



Fetal outcome
45-49 vs 50+

SGA<10t™ percentile; LBW<2500gr; VLBW<1500gr; PTD preterm delivery

-

SGA LBW VLBW PTD<34

Simchen et al, Obstet Gynecol 2006



Very advanced maternal age > 50 yrs

In this older ED group - high rates of complications

High rates of multifetal pregnancies, mostly twins
—25-35%

So —

What are the combined effects of age, oocyte donation
and twins?



Age and plurality — synergistic effect?

Complications of pregnancy, delivery, and infant mortality by matemal age and plurality, all women.
Singletons Twins Triplets
Factor o Percent AOR® 05% ClI Pvalue Percent AOR® 05% ClI Pvalue Parcent AOR® 95% CI P value

Diabetes <2( 0.87 0,30 0-0.30 «<,0001 102 031 0206-036 <0001 3.3 0.60 0.25-1.43
1.70 0.61 0,62 «<.0001 2.02 062 058-067 «.0001 3B 0,69 045-1.06
2.68 1.00 3.23 1.00 5,50 1.00 -
3.57 1.37 =138 «<.0001 4.34 1.37 1.20-144 <0001 0.2 .13 0.91-1.40
4.87 1.89 4/ -1.5 <. 0001 519 164 158175 <0001 f B 142 1.13-1.80
2.64 =268 <.0001 2,24 203-246 <0001 7.26 1.32 0.91-1.92

Chronic hypertension  <2C el <.,0001 0.4€ 0.48 po-0.59 < 0001 0.69-6.82

(<20 weeks) ane oY
1.49-148 <.0001 16 = 5-1.54 <0001 0.61-1.51
2.36-247 <, 0001 8 £ 7 <0001 85 S8 0.84-2.20
417437 «<.0001 2,67 <0001 3 2,73 1.24-6.00

Pr y-associated <20 0,89 085090 <0001 00 094107 916
hypertension 20-24 3.80 D98 097098 <0001 iy - 0.594-1.03 408
25-29 88 i — O
an-34 3.37 0.6 0.98-0.09
a5-39 368 ’ 1.14-1.16 <, : L B
=40 ! . 1.42-147 <.000 A5 - 56 <0001 Y 16-2.01

Luke & Brown, Fertil Steril 2007



Neonatal outcome — older OD women —
twins vs. twin controls

90%
80%
70%
60%
50%

ot e
30%

-
10%

= I
o I

delivery <34 wks Low birth weight at least one SGA
<2500

M 50+ yrs @ 40-49 yrs O control twins

Simchen et al, Hum Reprod 2009



Outcome of twins vs singleton pregnancies in the
5th and 6t decades of life

Outcome Adjusted OR p-value

Composite placental complications OR 3.19 (1.93-5.28) twins vs singletons
(preeclampsia, gestational hypertension, IUGR, placental abruption)

Freeciallpsia 4.50 (£.5/-6.UZ) <U.UU.L
IUGR 2.96 (1.47-5.96) 0.002
GDM 1.73 (1.05-2.86) 0.032

492 IVF women 2 45 yrs
60 = 50 yrs

Meyer R. et al. Eur J Obstet Gynecol Reprod Biol 2018



“Elderly” twins compared with “young” twins

Study twins >45yrs Control twins <35yrs  p-value

(n=97) (n=406)
Cesarean delivery 91.8% 56.4% <0.001
Gestational 10.3% 4.2% 0.016
hypertension
Preeclampsia 32% 6.3% <0.001
Gestational diabetes 35.1% 8.1% <0.001
mellitus

Meyer R. et al. Eur J Obstet Gynecol Reprod Biol 2018



Pregnancy after ED in older women

40-50% Hypertensive complications
30% Diabetes Iin pregnancy
50-70% Hospitalization in pregnancy
90-100% C-section rate
Increased risks

—Preterm delivery

—Small for gestational age ‘
_LBW < 2500 gspe
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Cancer, pregnancy and fertility

Pregnancy rates

Germ cell tumors

lower than general
population

Acute leukemia 4

Cervical cancer 1

Epithelial ovarian cancer

Breast cancer -

Pentheroudakis R et al. Ann Oncol 2010



Adverse perinatal outcomes among females diagnosed
with cancer

ks)

Matarnal angmia 38 (1%) 31 (0.71=2.159)

Gostational digbetes
Pastiparium hemorrhage
Anfaparturm hemorrhage
B 207 (55%%8)
4T (136)

B3 (%) 38 (1.09=2.98)

41 (19}

Failure fo prograss

Cesaraan delivery
Postparium LOS>-5 days
Use of fartilty treatmeant
Parinatal complications
Sex ratio (referance: mala)

A7) woaks
4143 wirgks 2 (B 416{10%5)

331 (8%)
it e 1) ) [t
A2 (95%) 133 (0.9489=1.71)

Irrfrawierine growlh restrciion 124 (097 =2.06)

Haggar FA et al, PLOS ONE 2014



Cancer survivors: Birth Outcomes

Characteristic
Overall

Site group
Breast
Hodgkin lymphoma
Non-Hodgkin lymphoma
Melanoma/skin carcinoma
Thyroid
Gynecologic

Time between diagnosis and birth
Diagnosed during pregnancy
Diagnosed before pregnancy, y

<2

3 to<5
>5
Treatment
Surgery only
Radiation, no chemotherapy
Chemotherapy, no radiation

Chemotherapy and radiation

Adjusted Prevalence Ratio (95% Cl) vs Noncancer Comparison Group (n = 1299).?

Preterm Birth, wk
<37
1.52 (1.34-1.71)

1.98 (1.56-2.51)
1.59 (1.06-2.37)
2.11 (1.42-3.13)
1.12 (0.82-1.52)
0.97 (0.69-1.36)
2.58 (1.83-3.63)

2.97 (2.47-3.58)
1.23 (1.07-1.43)
1.35 (1.07-1.70)
1.32 (1.00-1.74)
0.98 (0.73-1.32)
1.27 (0.95-1.69)

1.21 (1.01-1.45)
1.21 (0.85-1.72)
2.11 (1.68-2.66)
2.28 (1.77-2.93)

<34
2.03 (1.62-2.55)

1.56 (0.92-2.63)
1.27 (0.48-3.37)
3.42 (1.88-6.21)
1.67 (0.93-3.01)
0.92 (0.44-1.94)
4.29 (2.43-7.58)

3.44 (2.34-5.05)
1.77 (1.37-2.30)
2.19 (1.48-3.25)
1.49 (0.86-2.59)
1.48 (0.90-2.46)
1.80 (1.11-2.90)

1.84 (1.33-2.55)
0.52 (0.17-1.62)
2.93 (1.97-4.36)
2.90 (1.83-4.60)

Low Birth Weight
1.59 (1.38-1.83)

1.59(1.18-2.15)
1.44 (0.89-2.33)
2.41 (1.58-3.67)
0.99 (0.67-1.47)
1.23 (0.86-1.75)
2.74 (1.86-4.05)

2.82 (2.25-3.53)
1.36 (1.16-1.59)
1.47 (1.13-1.91)
1.40 (1.02-1.92)
1.20 (0.88-1.63)
1.34 (0.98-1.83)

1.29 (1.05-1.59)
1.34 (0.91-1.98)
2.36 (1.84-3.03)
2.01 (1.48-2.72)

SGA
0.97 (0.85-1.11)

1.00 (0.73-1.36)
1.08 (0.71-1.64)
1.09 (0.66-1.81)
0.65 (0.44-0.95)
0.94 (0.69-1.29)
0.67 (0.36-1.26)

1.05(0.77-1.42)
0.96 (0.83-1.11)
0.86 (0.65-1.12)
0.88 (0.64-1.20)
0.89 (0.67-1.18)
1.23 (0.96-1.58)

0.85 (0.70-1.04)
0.92 (0.64-1.34)
1.14 (0.85-1.52)
1.17 (0.86-1.60)

Cesarean Delivery
1.08 (1.01-1.14)

1.17 (1.04-1.33)
1.08 (0.88-1.34)
1.18 (0.94-1.49)
1.04 (0.91-1.17)
0.97 (0.85-1.12)
1.48 (1.21-1.79)

1.21 (1.06-1.38)
1.05 (0.98-1.12)
1.02 (0.91-1.15)
1.01 (0.88-1.15)
1.11 (0.99-1.24)
1.07 (0.94-1.21)

1.04 (0.96-1.13)
1.08 (0.92-1.26)
1.16 (1.01-1.32)
1.15 (0.98-1.35)

Apgar <7
1.18 (0.87-1.61)

0.90 (0.40-2.02)
0.92 (0.30-2.79)
2.07 (0.89-4.86)
0.88 (0.41-1.87)
1.10 (0.55-2.21)
2.34 (0.99-5.56)

1.90 (1.04-3.46)
1.06 (0.76-1.50)
0.99 (0.53-1.84)
1.13 (0.56-2.26)
0.83 (0.41-1.66)
1.31 (0.75-2.30)

1.07 (0.70-1.64)
1.52 (0.76-3.06)
1.20 (0.62-2.30)
0.43 (0.11-1.72)

Anderson et al, JAMA Oncol. 2017



Anthracyclines and cardiotoxicity

Potential for cardiac damage
Acute — 2.2%-to 5% of patients
Dose-dependent

Chronic cardiotoxicity — progressive
—Early onset - up to 1 year after completion of treatment
—Late onset - many years after



Pregnancy Considerations for the Cancer Survivor Who Received Potentially Cardiotoxic Cancer Therapy*

'

Assess cardiac function (e.g.,echocardiogram) in individuals who have no

Risk of heart failure recent assessment, considering the following additional risk factors:

during pregnancy
28.4% « Higher total anthracycline dose %"

« Younger age at cancer diagnosis "7

« Longer time from cancer treatment to pregnancy *

» Current use of cardiovascular medications '

OR:474
(95% Cl:17.9-125.8)

What about the heart??

1. Preconcept
modificatiol

2. Cardiology cc
3. Maternal Feta
4, Obstetric Anes

5. Cardiac monitoi iy at time of labor and delivery in women with
significant cardiac dysfunction

6. Postpartum monitoring in coronary care unit in women with significant
cardiac dysfunction

* Cardiotoxic Exposures (e.g., chest radiation, anthracyclines, mitoxantrone)

Nolan, M. et al. J Am Coll Cardiol CardioOnc. 2020;2(2):153-62.
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Risk factors for placenta previa/accreta

Previous placenta previa

Previous cesarean delivery

Multiple gestation

Multiparity

Advanced maternal age

Previous intrauterine surgical procedure
Smoking



Risk of placenta accrete after previous CS

No. of previous Hisk of placenta
cesarean deliveries accreta (%%)
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