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THREATENED ABORTION
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BACKGROUND

« Threatened abortion (TAB)
« Vaginal bleeding (VB) within 20 weeks of gestation
* No cervical dilation

* Viable intrauterine pregnancy
* Prevalence: 7%-20%
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HYPOTHESIS

 Risk factors:

* qage =35 years, obesity, lack of physical
exercise, stress, cigarette smoking, alcohol
abuse

* Progesterone treatment

* PRISM RCT: 1 proportion of live births
* Inflammation

 7IFNy, 1 TNF-q, 1 IL-6

* Placental injury in animal studies

« Abortogenic effect

Coomarasamy, 2019, NEJM; Calleja-Agius, 2011, AJOG
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ADVERSE OUTCOMES AT DELIVERY

Preterm birth e \
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OUTCOMES AFTER CHILDBIRTH

Autism spectrum disorder

Developmental coordination disorder

Hypertension

Ischemic heart disease

Stroke

Thrombosis

Diabetes
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RATIONALE

e Few or no studies

 Limitations of available studies:
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Retrospective or cross-sectional data

Small

Selective

Analysis limitations:

* Residual confounding

* “Overadjustment” for post-exposure variables
Design limitations

* Time-to-event analyses not used

* Familial confounding
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Study |
in-utero TAB exposure and children’s risks of neurodevelopmental outcomes

Study li VB in pregnancy and risk of mortality in women

Study Il VB in pregnancy and risk of cardiovascular morbidity in women

Study IV VB in pregnancy and subsequent risk of cancer in women

TAB, threatened abortion = VB, vaginal bleeding
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DATA SOURCES

Data source

Reqisters on personal labour
market affiliation

Reqister of Causes of Death

Study |

Study |l

Study lll  Study IV

Civil Registration System 8 :_j/ :_;/
Medical Birth Registry ~ v 0
National Patient Registry ~ M ™~
National Prescription Registry 8 8 :_,/
Education & ~ v
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OUTCOMES

Study | Study i Study lll Study IV

* Epilepsy » All-cause mortality » Diabetes mellitustype 1« Any cancer

» Cerebral palsy » Cause-specific » Diabetes mellitus type 2 + Aetiological groups
mortality

« ADHD » Natural causes I GAVD) Site-specific cancers:

* Non-natural * Hypertension * Premenopausal
causes breast

o Atrial fibrillation or Cervical
flutter

* Ischaemic heart Ovary and
disease fallopian tube

» Myocardial Uterine cancer
infarction

 Heart failure

* |schaemic stroke

 Haemorrhagic
stroke




FEATURES OF THE STUDIES
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Study | Study Il Study IV
Main study period(s) 1979+; 1995+ 1979+ 1994+ 1995+
Cohort study design &/ &/ 8

Sibling comparisons
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Hazard ratio

Hazard ratio

Hazard ratio

Hazard ratio

Cox proportional
hazards regression

Conventional

multivariable models;
clustered by family id,

robust SE

IPT-weighted models;
bootstrapping

IPT-weighted
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STUDY | DESIGN

Last menstrual period date
(eligibility start)

Exposure Assessment
Window
Days [LMP, 140 days]

20 week of
gestation

Delivery Date (Time zero; eligibility end)
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STUDY | DESIGN

Last menstrual period date
(eligibility start)

Exposure Assessment
Window
Days [LMP, 140 days]

Covariables Assessment Window
(Baseline morbidities):

Maternal somatic, neurologic, psychiatric conditions &
paternal age, psychiatric co-morbidities; paternal prescriptions
of antiepileptics or ADHD medication
Days [-Inf, LMP-1]

Covariables Assessment Window
(Baseline medication and
healthcare utilization):

Days [-365, LMP-1]

SES factors:
Year before the
Delivery Year

20 week of Delivery Date (Time zero; eligibility end)

gestation

EXCL
I CPR number duplicates, non-singleton birth, born
outside of the study period; unknown gestational
age; stillbirth
Days [0, 0]

Covariate Assessment Date
I (Maternal and paternal age at childbirth,
newborns’ sex, birth year, birth order)
Days [0, 0]
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STUDIES lI-IV
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STUDIES lI-IV
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end date
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ALL VS 15T PREGNANCY OF A WOMAN
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ALL VS 15T PREGNANCY OF A WOMAN 4
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ALL VS 15T PREGNANCY OF A WOMAN

Last

menstrual é 2’;?0\?5?
eriod ot . |
Sate ;qutIZellvery 2~ Delivery date

I

=

J

Y

e o e e T i T T T T T T T )

&\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

|

Covariable Assessment Window for 2" pregnancy:

Previous VB and other reproductive events in pregnancy
[-Inf; LMP-1]

Last

1111111111111111111111111

Follow up Window for the 2nd
pregnancy as VB-unexposed

Follow up Window for the 1st pregnancy (as VB-exposed)
\ N\
N N

menstrual 20th week
eriod gestation . ]
Eate ; ttDellvery 24 Delivery date
5 ] = ]|

Y

Q\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ %
& Follow up Window for the ‘1st pregnancy as VB-exposed \\\
\ T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T Y

8
é}) 1%t pregnancy ending in a delivery @‘9)) 2" pregnancy ending in a delivery

21



Live born singletons

Paternal siblings
Maternal siblings

Full siblings
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28,428

17,497
17,818
15,876

955,066

17,497
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STUDY |

Whole population
Paternal siblings
Maternal siblings

Full siblings

Whole population
Paternal siblings
Maternal siblings

Full siblings

Whole population
Paternal siblings
Maternal siblings

Full siblings

Maximum follow-up of 16 years
for epilepsy and ADHD, and 6
years for cerebral palsy

1.40 (1.32-1.48)
@  1.25(1.16-1.34)

| 1.11 (1.00-1.23)
1.08 (0.93-1.25)

1.05 (0.96-1.15)
1.04 (0.90-1.20)

1.03 (0.93-1.15)
«@= 0.9 (0.82-1.12)

@= 1.57 (1.37-1.80)
m@== 142 (1.20-1.68)

) 1.45 (1.12-1.89) 3.28 (1.36-7.91)

P 1.38 (1.08-1.77)

B 2.03 (1.15-3.57)

o 1.38(1.05-1.82)  2.92 (1.33-6.39)
e

@ 1.31(1.24-1.39)
@ 1.21(1.14-1.29)

1.09 (0.97-1.24)
1.08 (0.93-1.25)

1.03 (0.92-1.17)
1.04 (0.90-1.20)

1.05 (0.92-1.20)
1.08 (0.92-1.27)

1 2 3 4

Extended follow-up for
cerebral palsy: 16 years

@= 1.53 (1.37-1.71)
=@= 1.38 (1.20-1.59)

' 1.27 (0.97-1.66)
+ 1.30 (0.96-1.77)

1.33 (1.11-1.61)

o
@ 1.16 (0.89-1.52)

@ 1.26 (0.93-1.70)
@ 1.18 (0.84-1.64)

1 2 3

HRs (95% Cls)

Upper bound of the 95% confidence intervals is truncated at 4.0

Epilepsy

Cerebral palsy

ADHD

Model

® Crude
@ Adjusted
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STUDY POPULATIONS: STUDIES II-IV i

2} o
0, ® LR

No.
All pregnancies of awoman 70,835 2,236,359 589,699 265,940
Distinct women 66,881 1,198,206 424,834 225,103
15t pregnancy of a woman 19,631 841,096 251,450 94,086

The same woman could be included in several cohorts with her every next pregnancy when she met all inclusion criteria
No. 1%t identifiable pregnancies = No. distinct women. Cohort membership of the 1st identifiable pregnancy is mutually exclusive
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STUDY IIl: MORTALITY CAUSES

All-cause mortality
Mortality from natural causes

Mortality from non-natural causes

All-cause mortality
Mortality from natural causes

Mortality from non-natural causes

All-cause mortality
Mortality from natural causes

Mortality from non-natural causes

All pregnancies

@ 1.14 (1.09-1.19)
@& 1.00 (0.90-1.12)

@ 1.15(1.09-1.22)
@ 0.98 (0.85-1.14)

@= 1.27 (1.08-1.48)
@ 1.04 (0.72-1.51)
@ 0.85 (0.81-0.90)

@ |0.74 (0.64-0.86)

@ 0.86 (0.80-0.92)
@1 | 0.78 (0.66-0.94)

@1 0.86 (0.71-1.03)
@=im 0.77 (0.51-1.17)
@ | 0.85 (0.80-0.90)

@ |0.72 (0.62-0.85)

@ 0.88 (0.82-0.95)
@®n0.78 (0.64-0.96)

@ 0.90 (0.73-1.11)

! 0.90 (0.54-1.50)

1.0 20 3.0

First pregnancy of a

woman

@ 1.19 (1.09-1.30)
1@mm 1.12 (0.89-1.40)

1.17 (1.05-1.31)
1

[
i® 1.08(0.97-1.21)

@ 1,37 (1.02-1.85)
@=m 1.38 (1.03-1.86)

@ 0.83(0.75-0.92)
@uim 0.83 (0.61-1.13)

@ | 0.80 (0.71-0.91)
@ 0.94 (0.84-1.05)

® 1.09 (0.79-1.50)
@ 0.91 (0.67-1.23)

@ 0.88 (0.80-0.97)
@ 0.83 (0.65-1.08)

@ 0.86(0.77-0.97)
@' 1.00 (0.90-1.12)

i@mm 1.10 (0.79-1.52)
i@ 1.08 (0.79-1.49)

1.0 20 3.0

Adjusted HR (95% CI)

VB-affected vs
VB-unaffected pregnancy

VB-affected pregnancy vs
termination

VB-affected pregnancy vs
miscarriage

Calendar period

1979+
1994+
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STUDY IIl: NATURAL CAUSES MORTALITY 4

Cancer

CVD overdll

CVD other than myocardial infarction and stroke

Myocardial infarction

Stroke

Respiratory diseases

Endocrine, nutritional, metabolic conditions

Nervous system conditions

All pregnancies

® 1.07 (1.00-1.15)
@ 0.90 (0.75-1.09)

i@ 1.15 (0.99-1.34)
@mm 1.08 (0.73-1.60)

®=1.11 (0.93-1.33)
j@umm 1.24 (0.82-1.90)

1@== 1.15 (0.80-1.65)
mm 0.34 (0.08-1.37)

Im@mm 1 29 (0.93-1.80)
e 0.98 (0.33-2.87)

@ 153 (1.22-1.92)
e 1.42 (0.67-3.00)

{m@um 1.29 (0.89-1.86)
o
2.04 (0.89-4.67)

"@== 1.19 (0.89-1.61)
o 0.85 (0.34-2.12)

1.0 20 30

First pregnancy of a
woman

@ 1.09 (0.95-1.26)

@m 1.04 (0.76-1.43)
®m 1.01(0.74-1.37)

@ 1.06 (0.72-1.55)

® 0.85 (0.35-2.11)
o 1.15 (0.56-2.36)
° 1.68 (1.03-2.72)
® 1.95 (1.11-3.44)
™ 0.97 (0.52-1.79)
1.0 20 30

Adjusted HR (95% Cl)

VB-affected vs

VB-unaffected pregnancy

Calendar period

e 1979-2017
e 1994-2017
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STUDY IIl: NATURAL CAUSES MORTALITY 4

Cancer

CVD overall

CVD other than myocardial infarction and stroke
Myocardial infarction

Stroke

Respiratory diseases

Endocrine, nutritional, metabolic conditions

Nervous system conditions

Cancer

CVD overall

CVD other than myocardial infarction and stroke
Myocardial infarction

Stroke

Respiratory diseases

Endocrine, nutritional, metabolic conditions

Nervous system conditions

All pregnancies

@ 0.82 (0.75-0.89)
@ 0.68 (0.54-0.86)

@1 0.84 (0.69-1.01)
@1 0.95 (0.61-1.48)

@1 0.83 (0.67-1.04
® 1.16 (0.72-1.87)

@ 0.97 (0.63-1.49)
1 0.46 (0.11-1.90)

@i 0.73 (0.49-1.08)
[ ]

s 0.50 (0.15-1.62)

1.02 (0.78-1.34
.- ° { 142 (0.64-3.17)

s @mmmi1.16 (0.77-1.77)
! & T (0.765.18)

@ 0.75 (0.52-1.08)
o 0.77 (0.29-2.06)

@ 0.90 (0.81-0.99)
@ 0.69 (0.52-0.90)

@10.82 (0.67-1.01)
@i 0.85 (0.51-1.41)

@ 0.83 (0.64-1.07
) { 1.10(0.)62-1.97)

@ 0.98 (0.59-1.65)
#9 0.28 (0.06-1.32)

@mi 0.70 (0.43-1.13)
1 0.33 (0.08-1.32)

@m 0.99 (0.72-1.36)
°
1.27 (0.45-3.58)
@ 0.96 (0.61-1.52)
1 °
1.89 (0.69-5.20)
@mm 1.06 (0.71-1.60)
1.90 (0.63-5.77)

1.0 20 30

First pregnancy of a
woman

@ 0.73 (0.61-0.87)

@=i 0.70 (0.48-1.00)
@m 0.97 (0.71-1.33)

@sim 0.77 (0.50-1.19)
e 0.74 (0.28-1.92)
@) 0.42 (0.17-1.04)
@ 0.97 (0.59-1.60)
e 1.45 (0.75-2.79)

@wimn 0.66 (0.33-1.29)

@(0.85 (0.72-0.99)

@ 0.80 (0.56-1.13)
@==1.00 (0.72-1.39)

@== 0.90 (0.59-1.37)
e 10.79 (0.31-2.04)
@wwin 0.54 (0.25-1.16)
@=== 0.90 (0.54-1.49)
) 1.12 (0.60-2.12)

@mim 0.66 (0.35-1.24)

1.0 20 3.0

Adjusted HR (95% Cl)

VB-affected pregnancy vs
termination

VB-affected pregnancy vs
miscarriage

Calendar period

1979-2017
1994-2017
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STUDY II: NON-NATURAL CAUSES MORTALITY &

First pregnancy of a

All pregnancies

Motor vehicle accidents o S (58211
Non-motor vehicle accidents or violence e 100 8;2133
Suicide o 110 (0.54-1:60)
Other o5 (075 159

Motor vehicle accidents s 1 (0 492,07

Non-motor vehicle accidents or violence oAz 115)

. @ 0.84(0.62-1.14)
Suicide @i 0 57 (0.26-1.21)

0.91 (0.78-1.06
Other %= 076 ((0.50-1.16;

Motor vehicle accidents O3 057150 (0.43-2.74

@iz 0.81 (0.58-1.12)
®

Non-motor vehicle accidents or violence 1.1 (0.50-2.49)

. @ 1.10 (0.78-1.56)
Suicide | wemsi (.47 0.21-101)
0.78 (0.65-0.94
Other o2 0.6 6((041 1.05)

1.0 20 30

woman
o 1.02 (0.51-2.03)
[ — ) 1.52 (0.96-2.43)
I o 1.58 (0.98-2.54)
@=m 1.39 (1.08-1.80)
I @ 1.32 (0.65-2.70)
® 1.11 (0.67-1.84)
o 1.00 (0.59-1.69)
@ 1.00 (0.75-1.33)
1@ 1.21 (0.58-2.53)
® 1.14 (0.69-1.87)
o 1.08 (0.64-1.82)
@ 0.94 (0.71-1.25)
1.0 20 30

Adjusted HR (95% ClI)

VB-affected vs
VB-unaffected pregnancy

VB-affected pregnancy vs
termination

VB-affected pregnancy vs
miscarriage

Calendar period

1979-2017
1994-2017

28



STUDY IIl: DIABETES AND CVD OUTCOMES ¢

Diabetes mellitus type 1
Diabetes mellitus type 2
Hypertension

Ischemic heart disease
Myocardial infarction
Atrial fibrillation or flutter
Heart failure

Ischemic stroke

Hemorrhagic stroke

All pregnancies

o= 1.23 (1.11-1.37)

®= 1.15 (1.03-1.28) e

@= 1.44 (1.34-1.55)
= 1.26 (1.16-1.37)

@ 1.35 (1.16-1.57)
@mmm 1,21 (1.03-1.42)

First pregnancy of a
woman

® 1.23 (1.01-1.50)
1.11 (0.98-1.26)

@ 1.36 (1.23-1.50)
®= 1.30 (1.22-1.39)

o= 1.28 (1.19-1.38)
® 1.16(1.11-1.21)

PY 1.27 (1.06-1.53)
@™ 1,37 (1.26-1.49)

° 1.48 (1.05-2.08)
@u=m 1.24 (1.05-1.47)

@== 1.38 (1.21-1.58) ° 1.61 (1.24-2.09)
@== 1.32 (1.14-1.51) @== 126 (1.10-1.45)
° 1.27 (1.04-1.55) ° 1.11 (0.71-1.76)
e 1.23 (0.99-1.52) I e 1.15 (0.94-1.42)

@== 1.59 (1.44-1.77)
®== 1.41 (1.26-1.57)

1.53 (1.31-1.79)
° 1.46 (1.23-1.72)

1.0 20 3.0 1.0
HR (95% Cl)

Model = Crude == Adjusted

° 1.30 (1.02-1.66)
®== 130 (1.15-1.47)

° 1.56 (1.13-2.15)
@umn 1 34 (1.12-1.61)

2.0 3.0

VB-affected vs
VB-unaffected pregnancy
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STUDY IIl: DIABETES AND CVD OUTCOMES ¢

First pregnancy of a

Diabetes mellitus type 1
Diabetes mellitus type 2
Hypertension

Ischemic heart disease
Myocardial infarction
Atrial fibrillation or flutter
Heart failure

Ischemic stroke

Hemorrhagic stroke

All pregnancies

= 1.08 (0.97-1.20)
®== 1.29 (1.11-1.49)

o 1.19 (1.12-1.25)
= 133 (1.23-1.43)

e 1.29 (1.23-1.35)
®= 1.35 (1.26-1.43)

@= 1.07 (0.99-1.15)
@= 1.20 (1.07-1.33)

@= 0.99(0.84.115)
I .12 (0.90-1.39)

@=m 1.22 (1.06-1.40)
@ 1.12 (0.93-1.36)

@ 0.92 (0.75-1.14)
e 1.12 (0.85-1.49)

o= 1.13(1.02-1.26)
jm@u 1 14 (0.98-1.32)

@== 1.05 (0.89-1.23)
e 1.10 (0.87-1.38)

1.0 20

Model

woman

1.24 (1.01-1.53)
1.25 (1.07-1.45)

@== 1.40 (1.26-1.56)
®= 137 (1.27-1.49)

@ 1.83 (1.69-1.99)
1.16 (1.10-1.22)

° 1.41 (1.17-1.71)
1.19 (1.08-1.32)

° 1.56 (1.09-2.25)

1.03 (0.84-1.26)

° 2.02 (1.52-2.67)

= 0.86 (0.72-1.02)

1.18 (0.73-1.90)

@=min (.83 (0.65-1.06)

e

3.0 1.0
HR (95% ClI)

* Crude o= Adjusted

° 1.30 (1.00-1.68)
1.07 (0.92-1.25)

° 1.43 (1.02-2.01)
1.18 (0.94-1.48)

20

3.0

VB-affected pregnancy vs
termination
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STUDY IIl: DIABETES AND CVD OUTCOMES ¢

All pregnancies First pregnancy of a

woman
. . ) 0.79 (0.70-0.88) ® 0.75 (0.60-0.93)
Diabetes mellitus type 1 ®= (081 (0.69-0.95) ®= | 0.85 (0.74-0.98)
: : @ |0.88 (0.83-0.93 o= | 0.85 (0.76-0.95)
Diabetes mellitus type 2 ® 0386 ((0_80_0.94)) @ 0.98 (0.91-1.06)
. @ 1.03 (0.98-1.08) o= 1.10 (1.01-1.20)
Hypertension ®11.09 (1.02-1.17) @ 0.99 (0.94-1.04)

Ischemic heart disease

Myocardial infarction

®= 1.01 (0.93-1.10)
®= 0.96 (0.86-1.09)

@== 0.97 (0.82-1.15)

1.04 (0.85-1.27)

1.07 (0.97-1.17)

° 1.30 (0.87-1.94)

VB-affected pregnancy vs

@==im (85 (0.67-1.09) 0.96 (0.80-1.16) miscarriage
Atrial fibrillation or flutter 10 e e i
Heart failure . %%39((%-7645_-11:122) ° .0.83(0.66-1.05) e
Ischemic stroke - '0_9;(105_7(;_'?_2{3529) . 1.320(%.(39?.'1152)
Hemorrhagic stroke . .0.961('3.%5(3%?2:;;'41) — 1.12(0.91-11.'32)(0'92_1'93)
1.0 2.0 3.0 1.0 2.0 3.0

HR (95% Cl)

Model = Crude == Adjusted



STUDY IV: CANCER

Any cancer

Hormone-related cancers
Hematoloqgical cancers
Immune-related cancers

Alcohol or smoking-related cancers
Obesity-related cancers

Cancers of neurological origin
Other cancers

Specific site: Breast, premenopausal
Specific site: Cervix

Specific site: Ovary and fallopian tube

Specific site: Uterus

All pregnancies First pregnancy of a

woman
® 1.03(0.97-1.08) . 1.06 (0.95-1.18)
e 1.02(0.941.12) mioe=  1.06 (0.89-1.26)
) [
mm@m (.05 (0.74-1.23) @ 0.96 (0.58-1.57)
(] ®
s®=  1.02(0.92-1.14) mi@== 1,06 (0.87-1.28)
——" 0.98 (0.76-1.25) @ — 129 (0.78-2.13)
® | ®
m@== 1.01(0.86-1.18) e @ues  1.11 (0.81-1.51)
° °
i=@== 1.14 (0.96-1.36) @ 1,00 (0.69-1.45)
o °
mem@uemmmm 1.00 (0.70-1.44) @ 0.90 (0.42-1.90)
°
"®= 1.01(0.92-1.11)
°
m@u= 0.95 (0.78-1.16)
| @
el @um— 120 (0.84-1.71)
@ |
@i (.83 (0.49-1.42)
1.0 2.0 3.0 1.0 2.0 3.0

HR (95% Cl)

Model = Crude == Adjusted

VB-affected vs
VB-unaffected pregnancy
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STUDY IV: CANCER

Any cancer

Hormone-related cancers
Hematological cancers
Immune-related cancers

Alcohol or smoking-related cancers
Obesity-related cancers

Cancers of neurological origin
Other cancers

Specific site: Breast, premenopausal
Specific site: Cervix

Specific site: Ovary and fallopian tube
Specific site: Uterus

Any cancer

Hormone-related cancers
Hematological cancers
Immune-related cancers

Alcohol or smoking-related cancers
Obesity-related cancers

Cancers of neurological origin
Other cancers

Specific site: Breast, premenopausal
Specific site: Cervix

Specific site: Ovary and fallopian tube
Specific site: Uterus

All pregnancies

& 1.03(0.97-1.09)
%] o1 (0.91-1.12)
=84 0.91 (0.69-1.20)
o 0.90(0.80-1.02)
Leo== 084 (0.651.09)
=@ 0.99 (0.83-1.18)

O e 1.21 (0.99-1.48)
g 0.97 (0.64-1.47)
w1 07 (0.97-1.18)

=% 0.82(0.66-1.02)
@) 06 (0.65-1.42)

e 0.96 (0.54-1.72)

&/ 0.90 (0.84-0.95)
Pe= 0.98 (0.87-1.10)
%= 0.85 (0.61-1.17)
8= 1.06 (0.92-1.22)
=S 0.77 (0.57-1.04)
%= 0.88 (0.72-1.08)
0@ 1.00 (0.79-1.27)
e @ s 0.99 (0.61-1.61)
® o= 1.04 (0.93-1.17)
% 1.01 (0.77-1.32)
@B 0.88 (0.56-1.38)

R 0.77 (0.40-1.48)

1.0 20

Model

First pregnancy of a
woman
v 1.0370.91-1.17)
= 1.08 (0.86-1.33)

@t (.83 (0.47-1.47)

- o
0.97 (0.78-1.21)

* 1.19 (0.67-2.10)
@ 110 (0.76-1.60)

e 1.04 (0.68-1.59)

1.62 (0.68-3.85)

8= 1.11 (0.98-1.25)
=% 1.08 (0.88-1.33)
@1, 08 (0.60-1.91)
S 1.22 (0.97-1.54)
e 1,25 (0.70-2.24)
@ 1.07 (0.74-1.54)
el 089 (0.58-1.35)
- Te 1.15 (0.48-2.74)

3.0 1.0 20 3.0

HR (95% CI)
e Crude &= Adjusted

VB-affected pregnancy vs
termination

VB-affected pregnancy vs
miscarriage
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STUDY | ©

» On the relative scale, in-utero TAB exposure was not associated with children’s risks of
epilepsy and ADHD, but was associated with cerebral palsy.

Small absolute risk of cerebral palsy for both /n-utero TAB-exposed and TAB-unexposed
children.

Substantial attenuation of the associations in the sibling analyses suggests that the

associations in the full population may be explained by time-invariant family-shared
confounding.

/ AARHUS PHD DEFENCE ELENA DUDUKINA

UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT
DEPARTMENT OF CLINICAL MEDICINE 34



STUDY I

/v
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No strong evidence of increased risk of mortality in women following VB-
affected vs VB-unaffected pregnancy ending in childbirth.

Comparisons of VB-affected pregnancies with terminations or miscarriages

showed slightly reduced risks of mortality.

Results of all pregnancies analyses are consistent with the results of analyses
of 15t pregnancy of a woman.
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STUDY Il A

VB in pregnancy is associated with 1.2 to 1.5-fold increased risks of diabetes
type 1 and 2 and cardiovascular diseases in women.

Comparisons of VB-affected pregnancies with terminations suggested up to
1.3-fold increased risks of diabetes type 1 and 2, hypertension and ischemic

heart disease.

Comparisons with miscarriages resulted in estimates close to the null value.

Results of all pregnancies analyses are consistent with the results of analyses
of 15t pregnancy of a woman.
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STUDY IV

/v

AARHUS
UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

No strong evidence of increased risk of any and site-specific cancers in

women.

Results of all pregnancies analyses are consistent with the results of analyses
of 15t pregnancy of a woman.
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STRENGTHS ;"

/v

« Control of familial confounding for investigation of children’s outcomes
* Use of appropriate time-to-event design
* Validated outcomes

* Closing the gap in the literature on the long-term sequelae of a common
“mild” pregnancy complication

AARHUS PHD DEFENCE ELENA DUDUKINA

UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT
DEPARTMENT OF CLINICAL MEDICINE
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SELECTION BIAS

Attrition before birth: “live-birth bias”
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INFORMATION BIAS

* Exposure misclassification
o Threatened abortion coding: not validated
= Spontaneous abortion: PPV is 98%

o Prevalence of 3% in the DNPR vs 19% in questionnaire based Danish
study

« Qutcome misclassification
o Cerebral palsy
o Cause-specific mortality

/ AARHUS PHD DEFENCE ELENA DUDUKINA PPV, pOSitive predictive value

UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT
DEPARTMENT OF CLINICAL MEDICINE
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CONFOUNDING Aoa

* Exchangeability between exposed and unexposed

* Untestable assumption
* Residual:

o Possibly mismeasured: socioeconomic position, smoking, alcohol abuse, adiposity
 Unmeasured:

o Lifestyle determinants beyond smoking and alcohol abuse, low grade inflarmmation,
fertility

4) > V)

/ AARHUS PHD DEFENCE ELENA DUDUKINA

UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT
DEPARTMENT OF CLINICAL MEDICINE
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OTHER CONSIDERATIONS A

 |Inherent selection bias of hazard ratios

« Conditional probability of experiencing the endpoint within the next
time point given that the event has not yet occurred

« Causal assumptions:

* Positivity
« Consistency: VB is not a “well-defined” exposure
« External validity: Nordic countries

 Longitudinal (cumulative/total) effect of having VB and/or miscarriage in
multiple successive pregnancies not investigated

/ AARHUS PHD DEFENCE ELENA DUDUKINA
¥ UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT
DEPARTMEN T OF CLINICAL MEDICINE 42



CONCLUSIONS

/v

« Children TAB-affected /n uterohad a greater relative risk of cerebral
palsy, but not of epilepsy or ADHD.

« VB-affected pregnancy was associated with a 1.2-fold increased risk of
diabetes type 1 and type 2 and up to a 1.5-fold increased risk of multiple
cardiovascular conditions, but not with increased risks of cancer and
mortality in women.

* This work contributes to the knowledge on women'’s reproductive events
and different aspects of their own and their children’s later health.

AARHUS PHD DEFENCE ELENA DUDUKINA

UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT
DEPARTMENT OF CLINICAL MEDICINE
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Assessment Committee for careful evaluation of my PhD thesis
« Bodil Hammer Bech, MD, PhD, Associate Professor (Chair)
* Tina Kold Jensen, MD, PhD, Professor

» Rolv Arnold Skjcerven, PhD, Professor

For endless support, superb supervision, and possibility to work on
pharmacoepidemiologic studies alongside the PhD project

* Vera Ehrenstein, Professor, DSc

» Erzsébet Horvath-Puho, Associate professor, PhD

* Henrik Toft Serensen, Professor, DMSc
* Onyebuchi A. Arah, Professor, Skou-professor and my host at UCLA
* Jan P. Vandenbroucke, Professor
« PhD group
* Administration team and especially to Sascha and Helle
 Everyone at DCE
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ADDITIONAL SLIDES
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Gestational age, full weeks
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Woman's age
at pregnancy
end
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Gestational age, full weeks

The plot is based on the data with repeated TAB diagnostic records within 20 gestational weeks of the same pregnancy

“?gu WP*O
S %,
/ AARHUS PHD DEFENCE ELENA DUDUKINA %) 3
v UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT R
DEPARTMENT OF CLINICAL MEDICINE



%

35-39 40+

Women's
age at
pregnancy
end
<20
20-24
25-29
30-34
35-39
40+

1 2 3 >3 1 2 3 >3 1 2 3 >3 1 2 3 >3
Number of TAB diagnostic records within 20 gestational weeks

60 -

40 -

20 -

T T T T

1 2 3 >3

W00z,
D %,
2
<
N
& S
RTINS

S

AARHUS PHD DEFENCE | ELENA DUDUKINA
MD, MSC, PHD STUDENT s RS

UNIVERSITY 27 JANUARY 2023

DEPARTMENT OF CLINICAL MEDICINE



ALL VS 15T PREGNANCY OF A WOMAN 4

]
1%t Delivery date 2" Delivery date
Last menstrual 20th week
period date gestation
| Miscarriage
@ 922 Q I Termination
, 1 @9) b ~7 )
' Y Y
& i T T T T T T T T T T T T T T T T T T T T T T L R R R T R R T R R R RN ﬁ
:Q Follow up Window for the 1st pregnancy (as VB-exposed) \\\\\\\\\
B e e e e e T e e e e e e e e e e e e e T T T e e e N \\\\\\\‘i\\\\\\\\‘k

Covariable Assessment Window: Previous VB in pregnancy w Follow up Window for the 2nd Q
[-Inf; LMP-1d] & &

pregnancy (as VB-unexposed)
i

Covariable Assessment Window: Previous VB in pregnancy QUL DI
pregnancy. (as termination-
[-Inf; TO-1d] exposed)
. . . . Foll indow for th
Covariable Assessment Window: Previous VB in pregnancy QGRS

3rd pregnancy (as
miscarriage-exposed)

[-Inf; TO-1d]

20th week
Last menstrual .
period date gestation 2nd Delivery
st i . . . .
ﬂ 1¢t Delivery date I I date Miscarriage Termination
Q.SQ L 7 l L > | I ST

Ysis gion™

o
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IMMORTAL PERSON-TIME

1t Delivery date

I Classified as 2x VB-affected based on the future data

2nd Delivery date

Eligibility window
20th week
Last menstrual gestation
period date
8
N = > i >
| & &
ﬁ Follow up Window: TO before eligibility end N
2x VB-affected N P 3 NARNRNNY N\
\ Women have an exposure status assigned before and remained under follow- \
& up until eligibility period ended (2™ delivery) %

AARHUS
/ ¥ UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

Immortal time:
By design the outcome could not have occurred

PHD DEFENCE ELENA DUDUKINA Hernan MA, Sauer BC, Hernandez-Diaz S, Platt R, Shrier |. Specifying a target trial
27 JANUARY 2023 MD. MSC. PHD STUDENT prevents immortal time bias and other self-inflicted injuries in observational

analyses. J Clin Epidemiol. 2016;79:70-5.
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ANALYSES OF AT LEAST 2 IDENTIFIABLE CHILDBIRTHS e

Last 20th week 1x VB-affected

menstrual gestation
8 period date I I 15t Delivery date 2nd Delivery date
@), ‘
N Y \ Follow up Window
Baseline Covariables History Assessment Window: [-Inf; LMP-1]
20th week

Last | gestation 2x VB-affected
menstrua st H d H

B period date ﬂ 1< Delivery date 2" Delivery date

N
Follow up Window \
N

Baseline Covariables History Assessment Window: [-Inf; LMP-1]

20th week VB-unaffected
Last gestation
menstrual . .
%) period date l 1 Delivery date l 2 Delivery date
@)

" ~ ~ N

Q‘\an INp, e,
AARHUS PHD DEFENCE ELENA DUDUKINA @
/ ¥ UNIVERSITY /

27 JANUARY 2023 MD, MSC, PHD STUDENT Irrespective of 319, etc. pregnoncy/delivery
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ANALYSES OF AT LEAST 2 IDENTIFIABLE CHILDBIRTHS/PREGNANCIES @

1x VB-affected
1%t pregnancy end

(termination/miscarriage)

2nd pregnancy end
8 l
@), | -

R R R R R R R R R R R R R R R R R R R

I Q Follow up Window \§

ARARRRRERRRRRRRRRRRRRRAR,,

20th week 2x VB-affected
Last menstrual gestation
| period date ﬂ 15t pregnancy end ﬂ 2"d pregnancy end

Follow up Window

@ ¢¢ k J | 1& J L L LUV UNRUUNRNRRNY %
~ \

Comparator
1+t pregnancy end 2"d pregnancy end
(termination/miscarriage) (termination/miscarriage)

Follow up Window
N \‘\\\‘\\\\\\‘\\\\\\1\\‘}}

/ AARHUS PHD DEFENCE ELENA DUDUKINA . d .
UNIVERSITY 27 JANUARY 2023 MD, MSC, PHD STUDENT Irrespectwe of 3 , etc. pregnclncy/dellvery

DEPARTMENT OF CLINICAL MEDICINE 53



DX-RESPONSE AND ALL-CAUSE MORTALITY

/v
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15.0

10.0

9.8% (7.3%-13.3%)

5.0
0 5 10 15 20 25 30 35 40
Time since the index date, years

Cohorts 1x VB-affected == 2x VB-affected Comparator
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Cumulative mortality was computed using Cumulative Incidence Function (CIF) with emigration as a competing event S° <,
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MATrecTionaNTBIOTICS

CHILDgrry.vear

CHILDggr.0r0ER

MISCARRIAGE ppevyious

C T4B

in-utero

56



EMPLOYMENT .0

7

N\

PREG MISCARRIAGE=0 PREG childbirthTAB_tO > OUTCOME t0+40yrs

PREG=1
A
PREG trrviNATION=0 l‘ ——

PREG TAB_PREVIOUS 0
PREG MISCARRIAGE PREVIOUS D€~ = — === === ===="7""

FERTILITY

57



/v

AARHUS
UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

PHD DEFENCE
27 JANUARY 2023

ELENA DUDUKINA
MD, MSC, PHD STUDENT

<TITIN
N R)

050,
“\\4 Lip, %,

E
ITAS KRR

X

>

&
Vsis. i

58



/v

AARHUS
UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

PHD DEFENCE
27 JANUARY 2023

ELENA DUDUKINA
MD, MSC, PHD STUDENT

050z,

N

e\\? 0,
e Q

<TTIN 5,

>

Ysis gion™

K
RO

59



/v

A: Pregnancy with vaginal bleeding before 12 weeks of gestation;

Y: outcomes (ischaemic heart disease, hypertension, stroke, thrombotic events, diabetes);

M: preterm delivery, prelabour rupture of membranes, foetal growth restriction, placental abruption and stillbirth; U,: pre-pregnancy women’s morbidity;
U,: a common cause of placental complications in pregnancy, preterm delivery, prelabour rupture of membranes, and cardiovascular outcomes.

The paths 1) A — [M] < U, — Y (in orange: collider stratification bias leading to inflation of the association between A and Y due to unmeasured U,) and
2) A —U;— Y (open backdoor path) are biasing the association of Aon'Y.
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L ANDMARK ANALYSES
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ANALYSES OF T CHILD MOTHERS/LANDMARK ANALYSES

VB-affected

Alive; non-emigrated,

Last menstrual 20th week and outcome-free

. gestation .
period date 1st Delivery

6 ﬂ date

Landmark: 40
years of age

@), = >

VB-unaffected

=
&

Last menstrual 20th V\_/eek
period date gestation

e e e e i i e e e T e T

\\\\\\\\\\\\\\\\\\\\
\ No other deliveries allowed
\\\\\\\\\\\\\\\\\\\\

Follow up Wlndow

//A

T .-

1st Delivery
date

Alive; non-emigrated,
and outcome-free

Landmark: 40
years of age

*Y

\\\\\\\\\\\\\\\\\\\\
\\\\\\ No.other deliveries allowed \\\\\\
LR LR LRLAR LR

>
Q\\\K\\K\\K\\K\\K\\K\\ w

Follow up Window

RN

Inclusion: women with 1 delivery (VB-affected or VB-unaffected pregnancy) before the age of 40 years, outcome-free, not-emigrated and alive on the day of 40t birthday
Exclusion: 2 o more deliveries before the age of 40 years; delivery at the age of 40+
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STUDY IIl: LANDMARK

]
All-cause mortality ®1.01(091-1.12)
Cause-specific mortality: natural causes @ 0,99 (0.87-1.12)
Cancer death o 1.04(0.88-1.23)
Cause-specific mortality: overall CVD deaths ° I+ 071 (0.47-1.06)
CVD death, non-Ml, non-stroke ° ! 070 (0.42-1.19)
Ml death ° ! 0.71(0.26-1.99)
Stroke death ) ! 0.70(0.28-1.73)
Respiratory disease death ! L] 1.24(0.76-2.04)
Endocrine, nutritional, metabolic conditions death e | 0.84(0.40-1.80)
Nervous system condition death o 0.96 (0.48-1.90)
Cause-specific mortality: non-natural causes ! ° 1.39 (0.97-2.00)
Motor vehicle accident death ! [ ] 1.55 (0.67-3.56)
Non-motor vehicle accidents or violence e 1.12 (0.62-2.03)
Suicide ! ° 1.43 (0.82-2.50)
All other causes o 0.95(0.70-1.27)
1.0 2.0 3.0
Adjusted HR (95% CI)
CVD, cardiovascular diseases; MIl, myocardial infarction; VB, vaginal bleeding
By design, women having VB-exposed and VB-unexposed pregnancy and not surviving or emigrating before 35 years of age are excluded
Follow-up starts at 35 years of age in VB-exposed and VB-unexposed cohorts and stops at the date of emigration or death
Study period: 1979-2017/2018
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STUDY Illl: LANDMARK

Diabetes mellitus type 1
Diabetes mellitus type 2
Hypertension

Ischemic heart disease
Myocardial infarction
Atrial fibrillation or flutter
Heart failure

Ischemic stroke

Hemorrhagic stroke

AARHUS
/ ¥ UNIVERSITY

DEPARTMENT OF CLINICAL MEDICINE

e 1.12 (0.93-1.35)

° 1.19 (1.07-1.32)

@ 1,18 (1.10-1.26)

® 1.34(1.19-1.50)

! ° 1.17 (0.93-1.47)
) 1.07 (0.89-1.29)
] 1.00 (0.76-1.32)
° 1.42 (1.20-1.68)
° 1.52(1.18-1.96)
1.0 2.0 3.0

Adjusted HR (95% ClI)

CVD, cardiovascular diseases; M|, myocardial infarction; VB, vaginal bleeding

By design, women with VB-exposed and VB-unexposed pregnancy not surviving, emigrating or experiencing CVD outcome before 40 years of age are excluded
Follow-up starts at 40 years of age in VB-exposed and VB-unexposed cohorts and stops at the earliest of CVD outcome, emigration, or death
Study period: 1979-2018
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STUDY IV: LANDMARK

%
Ysis. sian®

]
Any cancer i@ 1.06 (0.92-1.23)
Hormone-related cancers e @u—— .17 (0.94-1.46)
Hematological cancers 0.99 (0.52-1.86)
Immune-related cancers e @— (.99 (0.75-1.31)
Smoking or alcohol-related cancers 1.25(0.70-2.24)
Obesity-related cancers 079 (0.49-1.26)
Cancers of neurological origin 1.22(0.77-1.94)
Other cancers 0.84(0.31-2.29)
1.0 20 3.0
Adjusted HR (95% CI)
VB, vaginal bleeding
By design, women with VB-exposed and VB-unexposed pregnancy not surviving, emigrating or experiencing cancer outcome before 40 years of age are excluded
Follow-up starts at 40 years of age in VB-exposed and VB-unexposed cohorts and stops at the earliest of cancer outcome, emigration, or death
Study period: 1995-2018 ST IN
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WEIGHTING PERFORMANCE:
SMD PLOTS
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/v

yr_repro_event_cat5_(2012,2017
yr_repro_event_cat5_(2008,2012
yr_repro_event_cat5_{2003,2008
yr_repro_event_catb_{1999,2003
yr_repro_event_catb_(1994,1999
u d_?rﬁ_ll [abel_missing
udd_grp4_label_Higher education
udd_gépli_ abel_High school or similar
udd_grp4_label_Basic education
quartife_income_cat_missin
quartile_income_cat_
quartile_income_cat_3
quartile_income_cat_2
~quartile_income_cat_1
parity_comp_cat_multiparous
mat_smoking_cat_smoker
mat_smoking_cat_non-smoker
mat_smoking_cat_missing
mat_age_repro_event_cat_40+
mat_age_repro_event_cat_35-39
mat_age_repro_event_cat_30-34
mat_age_repro_event_cat_25-29
mat_age_repro_event_cat_20-24
mat_age_repro_event_cat_<20
. in_preqg_lpr_placenta_praevia
in_preqg_lpr_any_preeclampsia_eclampsia
in_preg_lpr_abruptio_placentae
hist histof _tc_20w|<l§
isto syk_any_ps
I[1)i/st%_r§_l'pr (hﬁo%,d
. history_Ipr_sab
. history_lpr_rheumatic
history_lpr_placenta_praevia
istory_lpr obesng
history_Ipr_ma
history_lpr_liver
history_lpr_copd
_history_lpr_ckd
) history_lpr_cancer
history_lpr_any_preeclampsia_eclampsia
‘history_lpr_abruptio_placentae
Tistory_Imdb_thyroid
history_Tmdb_steroids
. h|sto?_lmdb_rqs
_ history_Imdb_nsaid
history_Imdb_mood_dis
~ history_Imdb_diuretics
history_Imdb_betablockers
history_Imdb_aspirin
history_Imdb_antipsych
) history_Imdb_antiinf
history_Imdb_antiepileptics
~ history_any_alco
gravidity_cat_Gravida 3+
gravidity_cat_Gravida 3
gravidity_cat_Gravida 2
vgrcwdlty_cot_Growdo 1
employment_idap_label_unemployed
employment_idap_label_retirement or state pension
employment_idap_label_missin
employment_idap_label_employe
civst_label_cat_not married
. civst_label_cat_missing
civst_label_cat_married or in partnership

-05
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Study IIIl: VB-affected vs VB-unaffected pregnancies: 1994-2018.
Presented SMDs are after reweighting population with IPTW (adjusted).
Marked cutoff point is 0.05
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yr_repro_event_cat5_(2012,2017
yr_repro_event_cat5_(2008,2012
yr_repro_event_cat5_(2003,2008
yr_repro_event_cat5_(1999,2003
yr_repro_event_cat5_(1994,1999
udd_grp4_label_missing
udd_grp4_label_Higher education
udd_q&plc_lobeI_Hiqh school or similar
udd_grp4_label_Basic education
quartile_income_cat_missing
quartile_income_cat_4
quartile_income_cat_3
quartile_income_cat_2
quartile_income_cat_1
parity_comp_cat_multiparous
mat_age_repro_event_cat_40+
mat_age_repro_event_cat_35-39
mat_age_repro_event_cat_30-34
mat_age_repro_event_cat_25-29
mat_age_repro_event_cat_20-24
mat_age_repro_event_cat_<20
history_ta_20wks
history_psyk_any_psyk
history_lpr_thyroid
history_lpr_sab
history_lpr_rheumatic
history_lpr_placenta_praevia
history_lpr_obesity
history_lpr_mab
history_lpr_liver
history_lpr_copd
history_lpr_ckd
history_lpr_cancer
history_lpr_any_preeclampsia_eclampsia
history_lpr_abruptio_placentae
history_Imdb_thyroid
history_Imdb_steroids
history_Imdb_ras
history_Imdb_nsaid
history_Imdb_mood_dis
history_Imdb_diuretics
history_Imdb_betablockers
history_Imdb_aspirin
history_Imdb_antipsych
history_Imdb_antiinf
history_Imdb_antiepileptics
history_any_alco
gravidity_cat_Gravida 3+
gravidity_cat_Gravida 3
gravidity_cat_Gravida 2
‘gravidity_cat_Gravida 1
employment_idap_label_unemployed
employment_idap_label_retirement or state pension
employment_idap_label_missing
employment_idap_label_employed
civst_label_cat_not married
civst_label_cat_missing
civst_label_cat_married or in partnership

-05

Study Ill: VB-affected pregnancies vs terminations: 1994-2018.
Presented SMDs are after reweighting population with IPTW (adjusted).
Marked cutoff point is 0.05
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yr_repro_event_cat5_(2012,2017,
yr_repro_event_cat5_(2008,2012
yr_repro_event_cat5_(2003,2008
yr_repro_event_cat5_(1999,2003
yr_repro_event_cat5_(1994,1999
udd_grp4_label_missing
udd_grp4_label_Higher education5
udd_gépA_labeI_High school or similar
udd_grp4_label_Basic education
quartile_income_cat_missing
quartile_income_cat_4
quartile_income_cat_3
quartile_income_cat_2
quartile_income_cat_1
parity_comp_cat_multiparous
mat_age_repro_event_cat_40+
mat_age_repro_event_cat_35-39
mat_age_repro_event_cat_30-34
mat_age_repro_event_cat_25-29
mat_aqge_repro_event_cat_20-24
mat_age_repro_event_cat_<20
history_ta_20wks
history_psyk_any_psyk
history_lpr_thyroid
history_lpr_sab
history_lpr_rheumatic
history_lpr_placenta_praevia
history_lpr_obesity
history_lpr_mab
history_lpr_liver
history_lpr_copd
history_lpr_ckd
history_lpr_cancer
history_lpr_any_preeclampsia_eclampsia
history_lpr_abruptio_placentae
history_Imdb_thyroid
history_Imdb_steroids
history_Imdb_ras
history_Imdb_nsaid
history_Imdb_mood_dis
history_Imdb_diuretics
history_Imdb_betablockers
history_Imdb_aspirin
history_Imdb_antipsych
history_Imdb_antiinf
history_Imdb_antiepileptics
history_any_alco
gravidity_cat_Gravida 3+
gravidity_cat_Gravida 3
gravidity_cat_Gravida 2
gravidity_cat_Gravida 1
employment_idap_label_unemployed
employment_idap_label_retirement or state pension
employment_idap_label_missing
employment_idap_label_employed
civst_label_cat_not married
civst_label_cat_missing
civst_label_cat_married or in partnership

-0.5 -04 -0.3 -02

Study IIIl: VB-affected pregnancies vs miscarriages: 1994-2018.

Presented SMDs are after reweighting population with IPTW (adjusted).

Marked cutoff point is 0.05
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