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Background

= >7 milj ART children born in the world
(de Geyter, ICMART/ESHRE 2018, Barcelona)

" Up to 6.4 % of national cohorts in Europa 2014
(ESHRE /EIM data, de Geyter et al, Hum Reprod, 2018)

= >70 000 children born in Sweden

(www.qivf.se)
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Multiple birth after IVF in Europe and USA
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Singletons: ART vs spontaneous conception
Systematic reviews and meta-analyses

AOR or RR, Helmerhorst | Jackson McGovern McDonald Pandey Qin
95% ClI 2004 2004 2004 2009 2012 2017
No of studies, | 12* 14* 27 15%* 22%**

no of children | 5361 12 114 14 748 31032 27 819 181 741
<37 w 2.0 (1.8-2.3) 2.0(1.7-2.2) [2.0(1.8-2.2) |1.8(1.5-2.2) 1.5 (1.5-1.6) 1.7
<32w 3.3(2.0-5.3) 3.1(2.0-4.8) |[2.5(0.9-7.2) |2.3(1.7-3.0) 1.7 (1.5-1.9) 2.0
<2500 g 1.7 (1.5-1.9) 1.8(1.4-2.2) |- 1.6 (1.3-2.0) 1.6 (1.6-1.8) 1.5
<1500 g 3.0(2.1-4.4) 2.7(2.3-3.1) |- 2.6 (1.8-3.8) 1.9 (1.7-2.2) 2.0
SGA 1.4 (1.2-2.7) 1.6 (1.3-2.0) |- 1.4 (1.0-2.0) 1.4 (1.3-1.5) 1.2

*Cohort studies, matched or adjusted for at least maternal age
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Human Reproduction, Yol.30, No.3 pp. 710-716, 2015
Advanced Access publication on January 20, 2015 dok: 10.1093/humrep/deu345
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Trends in perinatal health after
assisted reproduction: a Nordic study
from the CONARTaS group

A.A. Henningsen*, M. Gissler®3, R. Skjaerven*5, C. Bergh®’,
A. Tiitinen®, L.B. Romundstad®'?, U.B. Wennerholm'', O. Lidegaard'?,
A. Nyboe Andersen', J.L. Forman'3, and A. Pinborg'*
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Is frozen embryo transfer better for
mothers and babies? Can cumulative
meta-analysis provide a definitive
answer?

Abha Maheshwari ', Shilpi Pandey?, Edwin Amalraj Raja®,
Ashalatha Shetty', Mark Hamilton', and Siladitya Bhattacharya®
'Aberdesn Maternity Hopsital MHS Grampian, AB 25 2ZL. Scodand, UK "CARE Fertilty Mottingham, John Webster House, & Lawrence

Orive, Momngham Business Park, Motbngham MNGE 6PF, UK *School of Medicine and Dentistry, University of Aberdeen, Forescerhill,
Absrdesn AB2ZS 2Z0. UK

AUSEE) SR WOl PApEOIMO]

"Correspondence address. Aberdeen Maternity Hopszal FNHS Grampian, AB 25 271, Scotland, UK. E-mail: abha mahes hwark@@abd n.ac uk
) orcid. org /0000-DD02-3652-244 7

Suberitted on July 31. 201 7; resubmitted on Septermber |9, 201 7: editorial deckion on Odaober 5. 201 7; accepted on October 9. 2017
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(b) Frozen Fresh Relative (b) Frozen Fresh @a

Name event  Ftotal event Friotal Risk (95% CI) Name event Ftotal e;s otal RR (95% CI)
Wada 1994 13 177 68 527 0.57 (0.32, 1.00) Wada 1994 19 ® 494 0.89 (0.55, 1.43)
Wennerholm 1997 8 160 12 160 0.60 (0.37, 0.96) Wennerholm 1997 9 ( 18 160 0.72 (0.42, 1.24)
Wang 2005 277 3847 829 7676 — 0.66 (0.58, 0.75) Wang 2005 3833 1008 7695 B 0.86 (0.78, 0.96)
Belva 2008 44 662 227 2099 — 0.69 (0.61, 0.77) Shih 2008 2387 383 3110 —_— 0.81(0.72, 0.92)
Shih 2008 155 2387 361 3110 — 0.65 (0.56, 0.76) Belva 2008 78 662 266 2999 0.89 (D.71, 1.11)
Pinborg 2010 42 957 784 10329 — 0.84 (0.57, 0.73) Pirforg ﬁ ] 59 957 0240 10329 —_————— 0.85 (0.70, 1.03)
Pelkonen 2010 76 1830 177 2042 —— 0.65 (0.58, 0.72) Wikl 010 16 297 14 199 e 0.84 (0.70, 1.02)
Aflatoonian 2010 16 84 40 252 — 0.67 (0.59, 0.77) Aflatoonian 2010 11 84 18 262 —_—— 0.88 (0.72, 1.07)
Wikland 2010 13 207 9 199 — 0.68 (0.60, 0.78) Pelkonen 2010 120 1830 258 2942 —_— 0.86 (0.73, 1.01)
Kato 2012 347 4002 302 2531 — 0.68 (0.61, 0.76) Kato 2012 283 4002 176 2531 —— 0.87 (0.75, 1.01)
Shi 2012 12 256 24 421 — 0.68 (0.62, 0.76) Shi 2012 17 256 29 421 —_— 0.88 (0.76, 1.01)
Liu 2013 52 1531 57 1914 — 0.72 (0.64, 0.81) Rallis 2013 21 210 57 492 —_—— 0.88 (0.77, 1.00)
Wennerholm 2013 311 6647 2671 42242 — 0.72 (0.65, 0.79) Liu 2013 146 1531 158 1914 - 0.90 (0.79, 1.03)
Roy 2014 10 220 28 507 — 0.72 (0.65, 0.79) Wennerholm 2013 521 6647 4001 42242 —_— 0.89 (0.80, 0.99)
Ishihara 2014 2837 31240 2087 16009 — 0.72 (0.66, 0.77) Ishihara 2014 1866 31249 1064 16909 —— 0.89 (0.81, 0.98)
Li 2014 328 6708 905 12241 — 0.71 (0.68, 0.76) Li 2014 580 8708 1254 12241 — 0.89 (0.82, 0.96)
Aflatoonian 2016 33 148 105 554 —— 0.73 (0.67, 0.78) Roy 2014 13 220 A4 507 — 0.88 (0.81, 0.96)
Maheshwari 2016 1042 16521 9056 95911 . —— 0.71 (0.67, 0.76) Aflatoonian 2016 20 148 71 554 . —_— 0.90 (0.83, 0.98)
s 4| 30% lower risk | e e 2402 tower riskl =

72(0.67, 0. Maheshwari 2016 | 141 1685 5" Yobm —_— 0.90 (0.84, 0.97)

T T T T T T T T T 1

3 5 1 15 B .8 1 1.2 14
Favours Frozen Favours Fresh Faveours Frozen Faveours Fresh

s than 2500g): (a) meta-analysis and (b) cumulative meta-analysis. Figure 8 \Preterm delivery (At less than 37 weeks): (a) meta-analysis and (b) cumulative meta-analysis.
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Is frozen embryo transfer better for
mothers and babies? Can cumulative .
meta-analysis provide a definitive E
answer? :
Abha Maheshwari 0 "7, Shilpi Pandey?, Edwin Amalraj Raja®, f!'
=
(b) Frozen Fresh Relative
Name event  Fiotal event Friotal Risk (95% CI) {b) n
o
N \% event
Wikland 2010 30 297 14 199 1.44 (0.78, 2.64)
Pelkonen 2010 66 1830 60 2942 B 1.68 (1.25, 2.27) .
Shi 2012 23
Kato 2012 776 4002 339 2531 — 1.45(1.30, 1.62)
Wennerholm 2013 325 G647 1288 42242 —— 1.52 (1.40, 1.65) Ishihara 2014 461
Ishihara 2014 5576 31249 2004 16909 — 1.51(1.45, 1.57)
Maheshwari 2016 2492
Pinborg 2014 52 896 379 9480 - 1.51 (1.45, 1.57)
Li 2014 1103 6708 1228 12241 —+ o N 54 (148,161
50% increase
T T 1 \ T T
1 15 2 25 3

Favours Frozen

Favours Fresh

Figure 5 Large for gestational age: (a) meta-analysis and (b) cumulative meta-analysis.
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Figure 6 High birth weight (more than 4000g): (a) meta-analysis and (b) cumulative meta-analysis.
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Birth defects

Singletons: ART vs spontaneous conception
Systematic reviews och meta-analyses

Rimm Hansen McDonald | Pandey Hansen Qin Zhao
2004 2005* 2005 2012* 2013* 2016 2019
No of IVF: 15 7 7 23 28 46
studies and | 82 064 13 059 4031 4 382 48 944 77697 112 913
ART ICSI:
children 63 948
Birth IVF:
defects 1.5(0.8-2.7) |1.3(1.2-1.5)|1.4(1.1-1.9) |1.7(1.3-2.1) | 1.4 (1.3-1.4) { 1.4 (1.3-1.5) [ 1.4 (1.3-1.5)
AOR or RR | ICSI:
(95% Cl) 1.3 (0.9-2.0)

*Cohort studies, matched or adjusted

ART 30-70% increased risk
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EEIE ORIGINAL RESEARCH ARTICLE]

Trends over time in congenital malformations in live-born
children conceived after assisted reproductive technology

ANNAKARINA A, HENNINGSEN' (5, CHRISTINA BERGH? (%), ROLV SKJAERVEN*, AILA TITINEN®,
ULLA-BRITT WENNERHOLM® (), LIV B. ROMUNDSTAD ¥ MIKA GISSLER'™ ' ¢, SIGNE OPDAHL®®,
ANDERS NYEOE ANDERSEN', GJVIND LIDEGAARD™ (9, JULIE L FORMAN"™ (%) & ANJA PINEORG'™

ART SC AOR* 95% Cl
N=61 281 N=350 811
Percent of children with 3.4% 2.9% 1.2 1.1-1.2
serious birth defects**
Heart 0.63% 0.50% 1.3 1.1-1.4
Gastro-intestinal 0.28% 0.22% 1.3 1.1-1.5
Urogenital 0.24% 0.17% 1.4 1.2-1.7

*Adjusted for maternal age, parity, year of birth, country and gender

** Defined after Eurocat |
Henningsen et al, 2018
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EEEYORIGINAL RESEARCH ARTICLE]

Trends over time in congenital malformations in live-born \.
children conceived after assisted reproductive technology e
ANNAKARINA A, HENNINGSEN' (5, CHRISTINA BERGH? (5, ROLW SKJIAERWVEN**, AILA TIITINEN®, ° &
ULLA-BRITT WENNERHDLM‘: ., LW B. RDMUNDS'!’;AD"“"_ MATK A GISSLER‘:’;" . SIGMNE DPDAHL‘:":_ ‘\
ANDERS NYBOE AMDERSEN', @JVIND LIDEGAARD . JULIE L. FORM.AN & AMNJA PINBORG ‘
Table 2. Risk of any major malformation in different time periods according to mode of conception and plurality. “e
Any major congenital malformation
1988-1992 1993-1997 (&
ART, n(%) SC, n(%) aOR® [95%CT] ART, i(° SC, n(%) aOR® [95%CI]
Singletons 49 (2.22) 272 (1.69) 1.36 [0.96-1.91] 234 (2.2 1340 (1.97) 1.04 [0.89-1.22]
Twins 32(2.28) 406 (1.85) 1.19 [0.80-1.78] 236 (3.58) 1144 (3.67) 0.87 [0.74-1.02]
All 1.16 [0.90-1.50] 470 (2.75) 2484 (2.50) 102 [0.91-1.14]
1998-2002 2003-2007
ART, n(%) SC, n(%) aOR"  [95%CI] ART, n(%) SC, n(%) aOR" [95%CI]
Singletons 697 (3.57) 3734 (3.15) 1.13  [1.03-1.23] 1119 (3.87) 4858 (3.29) 1.16 [1.08-1.24]
Twins 634 (5.59) 1634 (4.95) 1.02  [091-1.14] 625 (6.53) 2288 (6.29) 091 [0.82-1.01]
All 1331 (431) 5368 (3.54) 1.17 [1.10-1.26] 112 [1.05-1.18]

*Adjusted for parity (0 versus =1), year of burth, maternal age, child’s sex and country.
ART, assisted reproductive technology; SC, spontaneous conception; aOR, adjusted odds ratio; CI, confidence interval.

London 14-15 November, 2019 University of Gothenburg



Birth defects:
ICSI compared to IVF

Study

Salaetal, 2011
Long et al., 2011
Yan et al., 2011
Halliday et al,, 2010
Han et al., 2010
Linetal, 2010
Pinborg et al., 2010
Knoester et al., 2008

|

RR (95% CI) *Weight (%)
0.97 (0.31, 3.07) 1.3

2.73(0.64, 11.63)
0.70 (0.49, 1.01)
1.19 (0.96, 1.48)
1.17 (077, 1.78)

1.10(0.29,4.12)
1.02(0.83, 1.19)
1.00 (0.54, 1.86)

[y

0.9
6.7
9.5
5.8
L0
0.7
. 36
Buckett et al, 2007 —a—— 0.72(0.35 145 3.0
Chen et al., 2007 - ! 0.33(0.11,099 14
Zhu et al., 2006 — 0.73(0.49, 1.10) 6.1
Bonduelle et al., 2005 1.02(0.78,1.33) 8.5
Kallen et al., 2005 1.00(0.74, 1.36) 7.8
Lin et al., 2004 ! 1.39 (0.28, 6.99 0.7
Bonduelle et al., 2003 — 0.96 Eo,ss-, l.58§ 4.9
Place e al., 2003 alt 0.90(0.27,301) 1.2
Bonduelle et al., 2002 il 1.54(1.30, 1.81)  10.5
Hansen et al., 2002 —.— 1.04 (0.65, 1.66) 5.2
Palermo et al,, 2000 —-—— EEEE— =
Bider et al., 1999= . - . .
Van Golde etal., 1999 : No increased risk!
Westergaard etal, 1999 H S -
Bowen et al,, 1998 : 0.79(0.17,363) 0.3
Kuwata et al., 2004 - : 2.1
Overall P=0.003, P=50.6% T 0
\ 100 12— —

0.08
* weight from random effects analysis

24 studies, N=27 754 ICSI, N=46 890 IVF

Wen et al., Fertil Steril 2012
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Longterm follow up

= Growth
= Cognitive and psychomotor development
= Mental disorders

= Autism

= School performances
= Cancer

= Cardiovascular risks
= Diabetes mellitus

* Puberty development
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= _ B OG An International Journal of
: 7 Obstetrics and Gynaecology

DOI: 10.111 1147 1-0528. 15456 S‘ystel"natic review
whnww.bjog.org

Childhood growth of singletons conceived
following in vitro fertilisation or
intracytoplasmic sperm injection: a systematic
review and meta-analysis

B Bay.®P J Lyngse. L Hohwii,® US Kesmodel®-f

* The Fertility Clinic, Regional Hospital Horsens, Horsens, Denmark b Department of Obstetrics and Gynaecology, Institute of Clinical
Medicine, Aarhus University Hospital, Aarhus, Denmark © Department of Public Health, Section for Epidemiology, Aarhus Uniwversity, Aarhus,
Denmark 9 Department of Health Science and Technology, Public Health and Epidemiology Group, Aalborg University, Aalborg, Denmark

¢ Department of Obstetrics and Gynaecology, Herlev and Gentofte Hospital, Herlev, Denmark " Institute of Clinical Medicine, University of
Copenhagen, Copenhagen, Denmark

Correspondence: B Bay, The Fertility Clinic, Regional Hospital Horsens, Sundwej 30, 8700 Horsens, Denmark. Email: bjornbay@me.com

Accepted 3 August 2018, Published Online 10 October 2018,

20 studies, 13 in meta-analysis
Max follow up-22 years

ART: 3972 children

SC: 11 012 children

London 14-15 November, 2019 University of Gothenburg



Childhood growth of singletons conceived
following in vitro fertilisation or
intracytoplasmic sperm injection: a systematic
review and meta-analysis

Weight

IVF/ICSI Spontaneous conceived Mean Difference Mean Difference
Study or Subgroup  Mean [Kg] SD [Kg] Total Mean [Kg] SD [Kg] Total Weight IV, Random, 95% Cl [Kg) IV, Random, 95% CI [Kg)
Basatemur (2010) 41.3 10.2 158 40.5 12 67 0.4% 0.80 [-2.48, 4.08]
Belva (2007) 29.2 6.2 150 28.9 5.2 147 2.1% 0.30 [-1.00, 1.60] —‘el.
Bonduelle (2004) 19.5 6.5 292 19.7 3.6 260 4.2% -0.20 [-1.06, 0.66) “G
Bonduelle (2005) 194 3 977 197 3 538 149%  -0.30(-0.62,0.02) ‘e
Celeen (2008) 47.6 16.4 233 46.3 14,7 233  0.5% 1.30 [-1.53, 4.13 o“e
Desmyttere, (2008) 13.4 1.7 70 13.5 1.5 70 B8.7% -0.10 [—D.E],ﬂ.#ﬁ\ -
Halliday (2014) 696 13.9 531 72.7 15.9 §28 1.1% =3.10 [« Q:-t ——
Kai 2006 (cohort a) 15 1.7 129 15 1.7 1177 15.2% L‘r.DL‘lﬁl, .31] e =
Kai 2006 (cohort b) 19.2 2.5 135 18.6 2 70  6.9% 0.60 [-0.03, 1.23] =r—
Knoester (2008) 23.5 3.9 166 23.8 38 85 3.3% -0.30 [-1.30, 0.70] i
Kolvurova (2003) 14.9 1.8 150 15.3 1.9 280 13.2% =0.40 [-0.76, =0.04] -
Ludwig (2009) 21.2 3.2 276 21.4 4.1 273 7.1% -0.20 [-0.82,0.42] =
Pontesilli, (2015) 21.1 3.2 28 21.4 44 2244  2.4% -0.30 [-1.50, 0.90] My
Woldringh (2011) 16.3 2.2 677 16.5 3.1 5040 20.0% =0.20 [-0.39, -0.01] b
Total (95% CI) 3972 11012 100.0% =0.16 [-0.36, 0.03]

Heterogeneity. 1° = 0.04; 1’ = 21.41, df = 13 (P= 0.07); /" = 39%
Test for overall effect: £ = 1.65 (P = 0.10)

2 4

—n

SC IVFAICSI

Figure 2. Forest plot comparing childhood weight among children conceived following in vitro fertilisation (IVF)/intracytoplasmic sperm injection
(ICSI) with spontaneously conceived children (5C) using a random-effect model.

London 14-15 November, 2019
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Childhood growth of singletons conceived
following in vitro fertilisation or
intracytoplasmic sperm injection: a systematic
review and meta-analysis

Height

IVF/ICSI Spontaneous conceived Mean Difference Mean Difference
Study or Subgroup  Mean [cm] SD [em] Total Mean [cm] SD [em]  Total Weight IV, Random, 95% ClI [cm] IV, Random, 95% CI [cm]
Basatemur (2010) 147.8 7.1 156 145.9 6.8 67 2.7% 1.90 [-0.07, 3.87]
Belva (2007) 133.4 6.1 150 132.8 6.2 147  4.9% 0.60 [-0.80, 2.00]
Bonduelle (2004) 112.4 5.3 298 112 4.7 261 11.2% 0.40 [-0.43, 1.23] = e
Bonduelle (2005) 111 56 977 111 5 538 1B.1% 0.00 [-0.55, 0.55] . c
Celeen (2008) 156.1 15 233 155.4 15.6 233 1.4% 0.70 [-2.08, 3.48]
Desmyttere, (2008) 91.9 3.9 70 91.4 3.4 70 6.3% 0.50 [-0.71, 1.71]
Halliday (2014) 172.7 10.9 518 173.1 11.2 514 5.3% -0.40 [-1.75, 0.95] * —
Kai 2006 cohorta) 96.8 34 129 96.7 3.7 1177 15.9% 0.10 [-0.52, 0.72] 6\ 1T
Kai 2006 (cohort b) 110.8 5.2 135 110.1 4.3 70 5.3% 0.70 [-0.64, 2 o —
Knoester (2008) 120.9 5.7 166 121.4 5.5 85 4.6% -0.50 [-1.96, D$ —
Koivurova (2003) 96.5 .4 150 97.1 3.6 280 14.2% -0.60 [-1.29, 0.09] ]
Ludwig (2009) 116 6.6 276 115 6.1 273 7.8% 1.00 [-0.06, 2.06) J——
Pontesilli, (2015) 116.7 5.7 28 118.2 75 2244 2.3% -1.50 [-3.63, 0.563]
Total (95% CI) 3287 5959 100.0% 0.13 [-0.20, 0.47)

Heterogeneity: 1° = 0.08; 1* = 15.76, df = 12 (P = 0.20);/* = 24%

Test for overall effect: Z= 0.78 (P = 0.44)

L

T

o | o

1 d
0

SC IVF/ICSI

:

T

=

Figure 3. Forest plot comparing childhood height among children conceived following in vitro fertilisation (IVF)intracytoplasmic sperm injection (ICSI)
with spontaneously conceived children (SC) using a random-effect model.

London 14-15 November, 2019

L =

University of Gothenburg



Cognitive and psychomotor development

Human Reproduction Update, Vol14, No.3 pp. 219-231, 2008 doi: 10.1093 / humu pd / dmn0035
Advance Access publication March 26, 2008

Neuromotor, cognitive, language and behavioural outcome
in children born following IVF or ICSI-a systematic review

K.J. Middelburg!, M.J. Heineman?3, A_F. Bos?* and M. Hadders-Algra’

! Department of Paediatrics, Division of Developmental Neurology, University Medical Center Groningen, Hanzeplein 1, 9713 GZ
Groningen, The Netherlands; 2De;mn‘menf of Obstetrics and Gynaecology, University Medical Center Groningen, Groningen, The
Netherlands; 'eDepun‘mem‘ of Obstetrics and Gynaecology, Academic Medical Center, Amsterdam, The Netherands; * Department of
Paediairics, Division of Neonatology, University Medical Center Groningen, Groningen, The Netherlands

Assisted reproduction and child
neurodevelopmental outcomes: a
systematic review

Bjorn Bay, M.D.,® Erik Lykke Mortensen, M.Sc.,© and Ulrik Schialer Kesmodel, Ph.D.P

2section of Epidemiology, School of Public Health, and ® Fertility Clinic, Department of Obstetrics and Gynecology, Institute
of Clinical Medicine, Aarhus University, Aarhus; and © Institute of Public Health and Center for Health Aging, University of
Copenhagen, Copenhagen, Denmark

Human Reproduction Update, Vol.19, No.3 pp. 244-150, 2013
Advaneed Access publicatien on February 28, 2013 doi:10.1093/humupd./dme002

The longer-term health outcomes
for children born as a result of IVF
treatment. Part ll-Mental health
and development outcomes

Roger Hart''>" and Robert ). Norman?

Fertil&Steril 2013
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Human Reproduction, Vol.32, No.7 pp. 1489-1507, 2017
Advanced Access publication on May 4, 2017  doi:10.1093/humrep/dex085

h - . .
S R

The impact of specific fertility
treatments on cognitive development
in childhood and adolescence:

a systematic review

Alice R. Rumbold'®*, Vivienne M. Moore'"?, Melissa J. Whitrow'2,
Tassia K. Oswa.ld"3, Lisa ]J. Moran"", Renae C. Fernandez"z,

Kurt T. Barnhart®, and Michael J. Davies'

'Robinson Research Institute, The University of Adelaide, Adelaide, South Australia 5005, Australia 2School of Public Health, The University
of Adelaide, Adelaide, South Australia 5005, Australia 3School of Psychology, The University of Adelaide, Adelaide, South Australia 5005,
Australia *Monash Centre for Health Research Implementation, Monash University, Melbourne, Victoria 3 163, Australia *Division of
Reproductive Endocrinology and Infertility, Perelman School of Medicine at the University of Pennsylvania, Philadelphia, PA | 9104, USA

*Correspondence address. Robinson Research Institute, The University of Adelaide, Adelaide, South Australia, Australia.
E-mail: alice.rumbold@adelaide.edu.au

Age >4 years, 35 studies

Conflicting results

IVF vs spontaneous conception

ICSI vs spontaneous conception and vs IVF
-disappeared after adjustment for multiples
-only observed in subgroups

London 14-15 November, 2019 o
University of Gothenburg



ART and neurological impairment
Cerebral Palsy

Study
Al DR (95% C1) CPINF CRING
Khamatt 2B6 (1.50-472)  17M527 3826877 ——
Huidtiom 170(1.24233) 409255 1008304713 —-
strmbarg 366 (2.02-6.62)  31/5680 17711360 —a—
sammaryoR | All: OR 2.18 1637432950 P
Singistans
Khamatt 1.06 {0.38-2.98) 42011 34126196 -
Lidagaard 177 (110-264) 298052 10320442340 ——
Strmbarg 275(1.20-588) 1203228 1511070 —a—
ammay0R | Sjngletons: OR 1.82 =
Twing
Khamatt 156 (0.44550) 131615 /581 =
PiNborg 081 (0.42-156)  11/3363 41110239 ——
Stnmbarg 107 (057-201) 152060 284120 T
summary OR 100 (0.65-152) 347063 7214940
1 11 10
(Odds Ratio

Hvidtjorn et al, Arch Ped Adolesc Med 2009
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Cerebral palsy

In vitro fertilization in Sweden: child morbidity
including cancer risk

Bengt Kdillén, Ph.D.,* Orvar Finnstrom, Ph.D.,® Karl-Gdsta Nvygren, Ph.D.,* Crude OR. 1 89 (1 37_2 60)

and Petra Oftterblad Olausson, Ph.D.A

*Tornblad Institute, University of Lund, Lund; ® Department of Pediatrics, University Hospital. Linképing; © Fertility Clinic, Adj usted O R . 1 14 (O 72_1 81)

Sophiahemmet, Stockholm; and “ Centre for Epidemiology, National Board of Health and Welfare, Stockholm, Sweden

N=16 000 ART

Human Reproduction, Vol.15, No.8 pp. 2115-2123, 2010
Advanced Access publication on June 16, 2010 doi:10.1093/ hurmrep /deq070

human
lraptoduction ORIGINAL ARTICLE Reproductive epidemiology

Multiplicity and early gestational age
contribute to an increased risk
of cerebral palsy from assisted

conception: a population-based Crude OR: 2.34 (1.81-3.01)
cohort stud : .
4 Adjusted OR:1.07 (0.78-1.47)
D. Hvidtjgrn ", ). Grove', D. Schendel?, C. Svaerke', L.A. Schieve?, 2 . T .
P. Uldall>*, E. Ernst®, B. Jacobsson®, and P. Thorsen' (adjusted for multiplicity and gestational age)
'instinute of Public Health, Department of Epidemiology, University of Aarhus, BOOO NI::?..L()_T:“E:‘AEﬁi::;:?.r.,ht\fjﬁ (P:\j:;:dp-c:::n_ %
i Qi g Dk e

N=33 000 ART
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DEVELOFMENTAL MEDICINE & CHILD NEUROLDGY ORIGINAL ARTICLE

Cerebral palsy after assisted reproductive technology: a cohort
study

SHONA GOLDSMITH® (®) | SARAH MCINTYRE'™ | NADIA BADAWI™ | MICHELE HANSEN®

1 Cereesl Pabey Alanes Aetegch bnstiute, Dicpiine of Chid and Adodesrent Healt, The Unvesiy of Suoney, Syt 2 Teleton ks rethae, Unvesiy of
e e At Penh; 3 Grace Cantre for Mewbom Care, The Childien's Hogpitd &1 Westmead, Syonsy, Austesia

Carepondence o Shom Galdemt o Corebral Falsy Alinoe Ressarch InsSfute, Depline of Cheid and Adolecot Healsh, The Unwversty of Sydnay, PO Bax 6477 Franchs Faoness,
MEW ARE, Aasralin. E-mal sgoldemithiS oo bra palsy ag.au

This astide is commented om by Kalen on page 5 of this issee.

Table I Birth prevalence and odds of cerebral palsy (CP) by conception type

Meturally conceived

ART CPART CPinaturally conceived ART compared
{birth prevalence [birth prevalence ART compared with with naturalby
proportion per proportion per 1000 naturally conceved conceived adjusted®
1000 live births) Ihve births) crude OR (85% Cl} OR [95% Clp
Whaole group 24 514/208 Td6 29 (1.8-4.5) 2.6 (1.6-4.0}
(7.211000 LB} (251000 LB}
Singletons GA 1011927 468203 352 23 01.2-4.2)
[5.2/1000 LE} [2.3/1000 LE}
<3wks 64T 8111561 27 1.1-6.5) 27 1.0-65)
(12771000 LB} {51.9/1000 LE)
32-36wks 17208 61711 032 04 (0.1-6.3) 0.9 [0.1-68)
[4.8/1000 LE} (5.51000 LB}
=3Twiks 31671 326M1%50 T48 1.1 0.3-3.3) 1.0 0.3-3.1)
i1 |MANRD 1R i1 TAnAn | RL
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Research report

d Risk of autism spectrum disorders in children born
after assisted conception: a population-based

EDITOR'S
CHOICE
follow-up study
D Hvidtjern," J Grove," D Schendel,” L A Schieve,” C Sveerke," E Ernst,® P Thorsen'
R st s = S e A
reproduction
S e Mental health and developmental
) ) outcomes for children born after ART: a
Is there an inaeased risk for drug treated attent . . .
hyperactivity disorder in children born after in v comparative prospective study on child
fertillizaton

gender and treatment type
AL Bengt EillEn *-°, O, Orvar Finrstrdm®, Anna P Lindam <, Ercenoa B
Fard-Ghisra Mygren <, Petra M. Ot rerblad Olawseamn™
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Autism spectrum disorders in IVF
children: a national case —control
study in Finland

W. Lehti!, A.S. Brown®3 M. Gissler45 M. Rihko!, A, Suominen !,
and A, Sourander!*
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JAMA July 3, 2013 Volume 310, Number 1

Ro=seanch

Original Investigation

Autism and Mental Retardation Among Offspring
Born After In Vitro Fertilization

Sven Zandin, M5c; Karl-GESta Nygren, PnD; Anastasia lliagou, PhD: Christina M. Huitman, PRD:
Abranam Rescherberg, FhD

IVF/ICSI: 30 959, SC: 2 541 125, 1982-2007
Follow up at 1.5-10 years. ICD 9, 10 diagnoses in Patient Registry

per 100 000 RR (95% Cl)
person year
Autism 19.0 15.6 1.14 (0.94-1.39
Singleton 14.4 15.0 0.89 (0.68-1.17)
Mental retardation |[46.3 39.8 1.18 (1.01-1.36)
Singleton 38.8 38.5 1.01 (0.83-1.24)
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Human Reproduction, Vol.30, No.2 pp.454—465, 2015
Advanced Access publication on December 17, 2014 doi: 101093 /humrep /deu338

h - - -
ORIGINAL ARTICLE Reproductive epidemiology

Association of assisted reproductive
technology (ART) treatment and
parental infertility diagnosis with autism
in ART-conceived children

D.-M. Kissin'"*, Y. Zhang!, S.L. Boulet!, C. Fountain?, P. Bearman?3,
L. Schieve?, M. Yeargin-Allsopp?, and D.J. Jamieson!

'MNational Center for Chronic Disease Prevention and Health Promotion, Centers for Disease Control and Prevention, Adanta, GaA, USA
*Department of Sociology and Anthropology, Fordham University, MNew Yorlk, NY, USA Flnterdisciplinary Center for Innowvative Theory and
Empirics, Columbia University., MNew Tork, MNY, USA *MNational Center on Birth Defects and Developmental Disabilities, Centers for Disease
Control and Prevention. Atlanta, Ga., USA

*Correspondence address. Centers for Disease Control and Prevention. Division of Reproductive Health, 4770 Buford Highway MNE.
Mailstop F-74, Atlanta, G 3034 1, USAL Tel: + 1 -770-488-6408: E-mail: dkissin@cdc.gow

1997-2006,
N=42 383 ART children, up to 5 years

Autism in ART Singleton: 0.8%
ICSI: adjusted HR 1.65 (1.08-2.56) (IVF as ref)
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BMJ 201334742978 doi: 10.1138Lm|.13978 (Published 5 July 2013)

RESEARCH

Fertility treatment and risk of childhood and adolescent
mental disorders: register based cohort study
EME oPen Access

Bjorn Bay PhD student'®, Erik Lykke Mortensen professor”, Dorte Hvidtjarn midwife’, Ulrik Schialer

Kesmodel consultant'*

Page 1 ol 11

o \\I?,

s

Hazard rates and 95% Cls for mental disorders™ in children aged 0-17 years according to type of infertility
treatment, hormones, gametes and aetiology of infertility compared with spontaneously conceived children

Any Disorders of Behaviour and | Other/unspecified
psychiatric Mental psychological emotional psychiatry
No of diagnosis retardation development disorders disorders
exposed (n=23,278) (n=3371) (n=11,794) (n=16,432) (n=682)
Procedure!
1.20 1.02 1.17 1.22 1.16
Ol/lul | 18,148 (1.11to 1.31) | (0.81t01.28) | (1.05to0 1.31) (1.11 to 1.34) (0.72 to 1.87)
IVE 9532 1.01 0.88 0.98 1.06 1.14
(0.90to 1.15) | (0.63to1.24) | (0.83to 1.15) (0.91to0 1.23) (0.56 to 2.29)
IcS| 4201 1.08 0.81 1.17 1.10 0.33
(0.90t0 1.31) | (0.47to1.42) | (0.92to 1.49) (0.87 to 1.38) (0.05 to 2.45)

*As defined by ICD-10 (applicable in study period); *adjusted for maternal age, parity, education al level, smoking in pregnancy, maternal psychiatric

history, birth year, child’s sex and multipclicity; *specific type of treatment missing in 117 children in IVF/ICSI group; 163 had

egg donation and 978 were fertilised with frozen egg without specification of treatment type (IVF or ICSI).
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human _
reproduction

School performance in singletons born
after assisted reproductive technology

Emma Norrman'"*, Max Petzold?, Christina Bergh3’T,

and Ulla-Britt Wennerholm'T

'Department of Obstetrics and Gynaecology, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Sahlgrenska
University Hospital/ Ostra, Gothenburg, Sweden *Swedish Mational Data Service & Health Metrics Unit, University of Gothenburg, Sweden
*Department of Obstetrics and Gynaecology, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Reproductive
Medicine, Sahlgrenska University Hospital, Gothenburg, Swweden

*Correspondence address. Department of Obstetrics and Gynaecology, Institute of Clinical Sciences, Sahlgrenska Acadermy, University of
Gothenburg, Sahlgrenska University Hospital /QOstra, SE-4 |6 85 Gothenburg, Sweden. E-rmail: emma. norrman@vgregion.se

Submitted on june 4, 201 8; resubmitted on July 26, 201 8; accepted on August 2, 2018

1985-2001

N=8323 ART

1499 667 SC

Singletons

Finishing 9th grade school-15-16 years
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Table Il School performance in ninth grade for singletons born after assisted reproduction techniques (ART) and

spontaneous conception (SC) and graduated 2000-2016.

Total score®, all subjects, year of test
All years, 2000—-2016. mean score
(S mean percentile (SD)

20002012, mean total score (SO
mean percentile (SOY)

20132016, mean total score (SD)
mean percentile (50D)

Mathematcs™
All years 2000-201 6, mean score
(SD) mean percentile (SD)
Swedish®*
All years, 2000—-2016. mean score
(S mean percentile (SD)
English*™*
All years, 2000—-2016. mean score
(S mean percentile (SD)

Phiysical education™*

All years, 20002016, mean score,

(SO mean percentile (SD)

ART singletons

602 (27.7)
225.9 (59.1)

59.0 (28.4)
n= 3914
234.1 (55.3)

57.4 (28.3)
n= 4409

|_13.3)4.6)

61.1 (28.4)

A 00
[FER

5 (28.3)

s ds)

66.4 (28.6)

| 14.6)4.7)

62.2 (29.5)

219.2 (56.9)
60.4 (27.9)
2145 (58.7)
58.7 (28.8)
n= 1995
223 .4 (54.9)
57.8(28.3)
n= 2225

13.0 (4.7)
60.9 (28.4)

13.1 (4.2)
&1.4 (27.2)

14.9 (4.3)
66.4 (28.2)

1 4.8 (4.6)
621 (30.4)

Female
n=4103

241 .6 (55.4)
60.4 (27.5)
237.7 (57.1)
595 (28.0)
n= 1919
2451 (53.6)
57.2 (28.8)
n=2184

13.5 (4.5)
&1.4 (28.5)

15.4 (4.2)
65.2 (29.0)

154 (4.2)
66.5 (29.1)

4.4 (4.7)
624 (28.4)

5C singletons

50.2 (29.0)
207.1 (64.5)

50.3 (29.0)
n=1192 109
219.6 (60.5)

50.1 (29.0)
n= 308 556

53.2 (28.7)

+9)

8 (29.6)

(4.8)

55.0 (30.4)

[iackss

56.2 (31.2)

198.7 (62.0)
50.1 (28.9)
196.2 (62.4)
50.1 (28.9)
n =609 326
208.3 (59. |:|

e

1.9 (4.8)
52.9 (28.4)

1.7 (4.7)
51.8 (27.9)

13.1 (4.9)
54.2 (29.9)

14.0 (5.3)
57.1 (31.7)

Female
n=7T32 113

221.2 (63.9)
50.4 (29.1)
218.6 (64. ?} \

505{29|P

(59.6)
50 2 {29 o)
n =149 328

12.3 (4.8)
53.5 (29.0)

4.1 (4.8)
55.9 (30.8)

13.9 (4.8)
55.8 (30.8)

13.2 (5.3)
55.3 (30.7)

Mean total score (0-320) and mean grades (0—20) for specific subjects.

* Total score 0—320.

** Score 020 (fail = 0 p, pass = |10 p, pass with distinction = 15 p, pass with spedal distinction = 20 p).
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Table IV School performance in ninth grade, children graduated 2000-2016. N\ R
ART vs SC \\IS\S
ac Male .o 6%“3 © Female
____________________________________________________________________________ ST - St s ST
Crude mean Adjusted” mean Crude mea; Adjusted” mean Crude mean Adjusted® mean
difference (95% difference (95% CI) difference (¥5% CI), difference (95% CI), difference (95% Cl), difference (95%
Cl), P-value P-value P-value P-value P-value Cl), P-value

Total score, all subjects, all years 2000-2016 ~ 10.0 (9.4 to 10.6) 0.72(-131t0-0.12) 103(35t0 1.1} -0.36 (-1.21 ©049) 10.0(9.2t0 10.8) -1.22 (-2.1 to-0.36)
P <0.0001 P=0018 P <0.0001 P=041 P <0.0001 P=0.005

Mathematics All years 2000-2016 79(73w86) —0.56 (-1.19t 0.08) 79 (7.1 0 88) 0.27 (-1.1 10 0.6) 79(7.1w088) —0.90 (-1.8t0 0.002)
P <0.0001 P=008 P < 0.0001 P=054 P <0.0001 P=0.05I

Swedish All years 2000-2016 92(86w98) 0.5 (-1.1 t00.09) 9688w 104) 0.11(-0.74100.95) 93(84w102) -1.2(-22t0-0.29)
P <0.0001 P=0.10 P <0.0001 P=08I P <0.0001 P=00l

English All years 2000-2016 1.4 (10.8-12.1) 0.03 (-0.62t0 0.69) 122(11.3t013.0) 0.54 (037 to | 45) 10.7 (98to I1.6) -0.47 (-1.43 10 0.48)
P <0.0001 P=092 P <0.0001 P=0.24 P <0.0001 P=033

Physical education All years 2000-2016 60(54w066) 0.48 (-1.2t0 0.23) 50(4.1w59) -0.004 (-1.02to 1.01) 7.1 (6310 8.0) 0.98(-1.95t
P <0.0001 P=0.19 P <0.0001 P=099 P <0.0001 0.002)

P=0.05I

Crude and adjusted mean difference in total score, all subjects and in Mathematics, English, Swedish and physical education (percentiles, 1-100).

*Adjusted for matemal age, paternal age, parental region of birth, parity, smoking during pregnancy, parental level of education, sodoeconomic status, year of birth.

London 14-15 November, 2019
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human
ORIGINAL ARTICLE Reproductive epidemiology

School performance in singletons born
after assisted reproductive technology

Emma Norrman'®*, Max Petzold?, Christina Bergth,
and Ulla-Britt Wennerholm''T

' Department of Obstetrics and Gynaecology, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Sahigrenska

University Hospital/ Ostra, Gothenburg, Sweden *Swedish National Data Service & Health Metrics Unit, University of Gothenburg, Sweden
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Medicine, Sahlgrenska Universi ty Hospital, Gotherburg, Sweden
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ART
n=8323

SC
n=1499667

aOR
95% CI

Approved in Mathematics,
Swedish, English

Qualified to enter secondary
school

93.5%

88.8%

1.05 (0.95-1.17)

Poor school performance

7.2%

13.5%

0.98 (0.89-1.09)
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Cancer risk among children born
after assisted conception

Study Cohort | Average Observed | Expected | Risk 95% Cl
period Size follow-up | cancers cancers

1992-2008 | 106013 | 6.6y 108 109.7 SIR=0.98 | 0.81-1.19
Hepato- 6 1.8 SIR=3.64 | 1.34-7.93
blastoma

Rhabdomyo 10 3.8 SIR=2.62 | 1.26-4.82
-sarcoma

Williams CL, Sutcliffe A et al, NEJM, 2013
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Per 1000

Cancer in children and young adults
born after assisted reproductive
technology: a Nordic cohort study from
the Committee of Nordic ART and
Safety (CoNARTaS)

Karin Jerhamre Sundh!, Anna-Karina A. Henningsen 2, Karin Killen?3,
Christina Bergh?, Liv Bente Romundstad®€, Mika Gissler™8,

Anja Pinborg?, Rolv Skjaerven 11 Ajla Tiitinen 2, Ditte Vassard?,
Birgitta Lannering '?, and Ulla-Britt Wennerholm +*

/00

3_

All countries SW DK Fl NO

H ART
E Non-ART

London 14-15 November, 2019

ART: 91 796

SC:358 419
1982-2007

Follow up: 9.5 years
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Hazard ratio (95% CI) for cancer in
children born after ART vs non-ART

ART Non-ART |Crude* Adjusted**
n n
Any 181 638 1.16 1.14
cancer (0.87-1.55) | (0.85-1.53)

* Age at diagnosis and time of follow-up incorporated

** Adjustment for country

University of Gothenburg



JAMA Pediatr. doi:101001/jamapediatrics. 20190392
Published onfine April1, 2019.

Research

JAMA Pediatrics | Original Investigation

Association of In Vitro Fertilization With Childhood Cancer

in the United States

Logan G. Spector, PhD; Morton B. Brown, PhD; Ethan Wantman, MBA; Gerard 5. Letterie, DO;
James P. Toner, MD, PHD; Kevin Doody, MD; Elizabeth Ginsburg, MD; Melanie Williams, PhD;
Lori Koch, BA, CCRP, CTR: Maria J. Schymura, PhD; Barbara Luke, ScD, MPH

year

ART Spontaneous conception
Children 275 686 2 266 847
Cancer/ 1000 000 person- 251.9 192.7

Follow up:
ART: 4.5 years
SC: 4.7 years

London 14-15 November, 2019
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Table 2. Data on the Rates of Cancer by Study Group for All Children (Singleton and Multiple Births Combined)®

Cases, No. Cancer Rate/1 000 000 Person-Years  HR (95% CI)b
Cancer IVF Non-IVF IVF Non-IVF
‘ Any cancer in 2042 251.9 192.7 1.17(1.00-1.386)
Leukemia 03 707 73.0 66.7 0.93(0.70-1.22)
ALL 72 534 56.5 504 0.96(0.71-1.32)
AML 13 108 10.2 10.2 0.74 (0.35-1.53)
Lymphoma 22 139 17.3 131 1.00(0.56-1.80)
CNS cancer 59 383 46.3 36.1 1.26(0.89-1.79)
Astrocytoma 4 197 26.7 18.6 1.50(0.95-2.386)
Ependymoma 7 48 39 4.5 0.53(0.16-1.72)
Intracranial embryonal tumors 13 83 10.2 1.8 1.41 (0.67-2.95)
Neuroblastoma 47 260 36.9 245 1.10(0.74-1.65)
Retinoblastoma 14 127 11.0 12.0 1.11(0.57-2.18)
Renal cancer 28 186 22.0 17.6 1.10(0.66-1.84)
mmm)  epatic cancer 23 60 18.1 5.7 2.46(1.29-4.70)
Soft-tissue sarcoma 18 a7 14.1 0.2 1.50(0.81-2.84)
Germ cell tumors 11 43 8.6 4.1 2.13(0.91-4.96)
— Embryonal tumors® 131 746 102.8 70.4 1.28(1.01-1.63)
Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid level (college graduate vs less than college graduate), maternal age, and child's
leukemia; CNS, central nervous system; HR, hazard ratio; IVF, in vitro sex; missing data for maternal race (4.3%) and educational level (2.296) were
fertilization. replaced by a category labeled "missing” in each variable.
? The final population included 275 686 children in the IVF group (1274 070 * Neuroblastorna, retinoblastorma, nephroblastoma, hepatoblastoma,
person-years; 209 586 births) and 2 266 847 children in the non-IVF group embryonal rhabdomyosarcoma, pulmonary and pleuropulmaonary blastoma,
(10596 144 person-years; 2 230 378 births). medulloblastoma, primitive neuroectodermal tumor, medulloepithelioma, and

® Adjusted for state of birth, maternal race and ethnicity, maternal educational atypical teratoid and rhabdoid tumor.

London 14-15 November, 2019 University of Gothenburg
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Risk of cancer in children and young
adults conceived by assisted
reproductive technology

Mandy Spaan', Alexandra W. van den Belt-Dusebout!,
Marry M. van den Heuvel-Eibrink?, Michael Hauptmann',

= 3 4 1,
Cornelis B. Lambalk”, Curt W. Burger’, a.nd Flora E. van Leeuwen .
on behalf of the OM EG‘A-steerlng group’

'Depa of Epidemioclogy and F! Tis . The Netherlands Cancer In: . Ple nlaan 121, 1066 CX Amsterdam, The Netherands
Pnnces l“'1 axima Center for Ped O cology Lu dlazn &, 3584 EA Lkr ech The Ne herland Dep rtrnent of Ob stetrics & Gynecolos-y.
Amsterdam UMC, Vrije Un A terdam, De Boelelaan 1117, 1081 HY Amsterdam, The Netherlands *Depar of Gynecologic
Oncolcp’y Emsmu Unn.rer l:y Medlcal C mmmmm Wytemaweg 80, 3015 CHN Rotterdam, 'I'he Nel:herl d

1980-2001, OMEGA, 21 years follow up
ART: 24269

SC:13761

Subfertile:9660

231 cancer (93, 92, 46)
ART vs subfertile: HR 1.0 (0.72-1.38)
ART vs general population: SIR:1.11 (0.90-1.36)
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, = Fertil &Steril 2017
Cardiovascular and metabolic

profiles of offspring conceived by
assisted reproductive technologies:
a systematic review and
meta-analysis

Miao-Yan Guo, M.D_® Xin-fei Liw, PhoD,™ L Jin, PhoD,, ™" Ting-Ting Wang. Ph.D " Kamran Wlah, PO
Jian-Zhong Sheng, M.D., Ph.D.,® and He-Ferng Huang, D2

= Key Laboratory of Reproductihve Genstics, Ministny of Bducation, Shejiang Unversity, Zhejlang: © imeamational Pesoe
Maternity and Thild Heahbth Hospital Shanghal Jieao Tong University, Shanghai © nstibure of Embryo-Fetal Original Adul
Disease, Affiliated to Shanghai liso Tong University, Shanghai and @ Department of Pathology and Pathophysiology,
Sohoen ] of Medicine. Zhejiang University, Zfhejlanog People’s Republiic of China

19 studies
2,112 IVF/ICSI children
4,096 SC children

London 14-15 November, 2019

University of Gothenburg



FIGURE 1

Study Mean Birth Year Mean Age (yearsh  SBP (mmHg) WMD (95% CI) DBP (mmHg) WMD (95% CI)
Born During 1920-1493 : i
Chen, et al, 2014(45) 1990 —_— 3.00 (1,37, 4.63) —— 200 (0.86, .14)
Ceelen, of al. 2008(48) 1991 123 —— 4,00 (206, 5.84) e 200 (071, 3.29)
Balva, et al, 2007(44) 1994 B4 | ————— 5.00 (228, 7.71) | —— 5.00 (282,7.18)
Sakka, et al, 2010(58) 1997 89 * 6,40 (3.30, 9.50) . - 560 (241, B.78)
Schemer, et al. 2012(48) 1887 115 + - 0.00 (-3.56, 3.58) SR S 0.00 (-2.49, 2.43)
Subiotal = — 375 (214, 5.37) -;:'_::'"__.a- 270(1.17,4.23)

E Heleroganelty; Fa 54.3%, pell058 : Heterageneity: | = 70.5%, p=0.008
Born During 2000-2008 : :
von Ar, etal, 2015(61) 2000 119 - 0.00 (-3.59, 3.59) e .00 (364, 1.64)
Pontesilli, et al. 2015(57) 2003 57 — : -0.70 {-3.05, 1.65) —_— 160 (-0.56, 3.75)
Gkourogianni, et al. 2014(50) 2004 €8 - 0,80 (5.16,256) € + -2.60 (-8.18, 2.99)
Saggers, ot al. 2014(58) 2008 4 e | 1,00 (-3.04, 1.04) :ﬁ: 0.10 (-2.14, 2.34)
Zhou, et al. 2014(82) 2007 4 e 180 (-0.74, 4.34) - 0.00 (-2.22, 2.23)
Subtotal <> 0,19 {136, 1,00) <> 0.17 (-0.95, 1.30)

! 5 ! Heteroganeity, ettt 40
Overall -=::$:=- -Ci:ﬁ

: : : Halrmgenaity: ==, 001

: Test for overall effect; z=2.29 , p = 0,029 . Test for everell eflect: 2= 252, p = 0.012

N IR
WFACS! Lower  IMFACSI Higher IVFACSI Lower  IVFIICE] Higher

Systolic and diastolic blood pressure of 872 IWVF-ICSI offspring versus 3,034 naturally conceived offspring. Studies are arranged and grouped by
mean birth year of the children. Random effects model was used. Cl = confidence interval;, DBP = systolic diastolic blood pressure; SBP =
systolic blood pressure; WMD = weighted mean difference.

Guo. Cardiometabolic profile of ART offspring. Fertil Steril 2016.

London 14-15 November, 2019

Guo et al, 2017

University of Gothenburg



Study Mean Age (years) BMI (kg/m?) WMD (85% Cl}  Weight(5s)

Desmytiers af al, 2008 (4%] 23 <0.40 (-0.88, 0.08) B.52

Saggers af al. FO14 (5%) 4 0.01 (=043, 0.51) B.25

Zhau et al. 2014 (E2) 4 : 010 (-0.74, 0.84) 497
Ha ot al. 2006 (53) 5 d 027 (005,059  10.44
Ludwgeta 2009 (55) 54 —— 034(063, 005 1075
Pontesill ot al, 3018 (87 57 - 030093033 678
Kncaslar et al. 2008 (54) 62 -+ : .25 (-0.87, 0.37) G.89
Groen ot al, 2013 (51) 6.4 —_— 016 (-0.48, 017) 10.33
Gkourogianni of W, 2014 (50) 6.8 : - 1.25 (0.45, 2.08) 5.33
Sakka ot al. 2010 (58) 8% . 0.42 (090,174} 284
wan Are et al, 2015 (61} 1.8 _:| - 0.70 (-0.19, 1.55) 457
Coslenatal. 2008 (48) 123 e 0.40(-023,1.03) 682
Balva al al, 70132 (47) 14 —-E— .20 (072,035 796
Haliday ot al, 2014 (520 218 - E -1.20 (-1.96, 0.44) 565
Evarall <:'51> 100.00
Test of halomogeneity: 1! =62 7%, p=0,001 a
Test of owarall eflact size: z=0 30, p=0.77 i
| 1 T
2,05 b 208

IWVFACE! lower IVFACS! higher

Body mass index of 1,914 IVF-ICSI offspring versus 3,881 naturally conceived offspring. Studiesare arranged according to mean age of the subjects.
Random effects model was used. Cl = confidence interval, WMD = weighted mean difference.

Gua. Cardlometabalc orofile aof ART offsorinag. Fertdl Stenl 2076

Guo et al, 2017
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JOURNAL OF THE AMERICAN HEART ASSOCIATION

Systemic and Pulmonary Vascular Dysfunction in Children
Conceived by Assisted Reproductive Technologies

Urs Scherrer, MD*; Stefano F. Rimoldi, MD*; Emrush Rexhaj, MD; Thomas Stuber, MD;
Hervé Duplain, MD; Sophie Garcin, MD; Stefano F. de Marchi, MD; Pascal Nicod, MD;
Marc Germond, MD; Yves Allemann, MD*; Claudio Sartori, MD*

IVF singletons (n=65) and spontaneously conceived
singletons (n=57)

General vascular dysfunction in the systemic and
pulmonary circulation

Intima thickness in the carotic artery 1

Pressure in the pulmonary artery 1

(Circulation 2012)

London 14-15 November, 2019 et
University of Gothenburg
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Association of Assisted Reproductive \E
Technologies With Arterial Hypertension
During Adolescence

Théo A. Meister, MD,** Stefano F. Rimoldi, MD,** Rodrigo Soria, MD,* Robert von Arx, MD,” Franz H. Messerli, MD,*
Claudio Sartori, MD,” Urs Scherrer, MD,”~' Emrush Rexhaj, MD!

54 ART, 43 SC singletons
5-year follow up (16-17 years old)

London 14-15 November, 2019 o
University of Gothenburg



FIGURE 1 IPrernature Vascular Aging in ART Children Persists Into Young Adulthood

10 P < 0.001
A
8 4
=
S 64
| T
4 4

Control ART

(n=40) (n=54) (n=40) (n=>54)

P < 0.001 9 P<0.01
| p—
T 74
E
=
£ 54
3 .
Control ART Control ART

p=

0.032

Control ART
(n=40) (n=53) (n=40) (n=53)

N

500 +

400 A

IMT [pm]

300 +

200 -

Baseline

5-y Follow Up

Baseline

S-y Follow Up

P < 0.01 P <0.01
—
Control ART Control ART

(n=43) (n=54)
S-y Follow Up

(n=9) (n=17)

Baseline

(A) Flow-mediated dilation (FMD, (B) pulse wave velocity (PVYW), and (C) intima-media thickness (IMT) at baseline (mean + 5D age, control 11.8 + 2.2 years; assisted
reproductive technologies [ART] 10.9 + 2.4 years) and at 5-year follow-up (mean age; control 17.6 + 2.7 years; assisted reproductive technologies 16.6 + 2.4 year) in
subjects conceived through assisted reproductive technologies and naturally conceived control subjects. Premature vascular aging, as evidenced by impaired flow -
mediated dilation and by increased pulse wave velocity and intima-media thickness, persists at 5-years follow up in subjects conceived through assisted reproductive

technologies. Data are shown as mean + SD.

FIGURE 2 24-h Ambulatory BP in ART and Control Subjects

A 125

120
115
110

105

Systolic 24h BP [mm Hg]

100 -~

P=0.022 B

Control

ART

Diastolic 24h BP [mm Hg]

75 7

70 ~

65

60 -

P=0.033

Control

ART

(A) Systolic and (B) diastolic 24-h ambulatory blood pressure (BP) was significantly higher in subjects conceived through assisted reproductive
technologies (ART) (n = 52) than in control subjects (n = 43). Data are shown as mean + SD.
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Fertility treatment and childhood type
1 diabetes mellitus: a nationwide
cohort study of 565,116 live births

Laura Ozer Kettner, M.D_ 2 Niels Bjerregaard Matthiesen, Ph.D_2® Cecilia Hoest Ramlau-Hansen, Ph_D_P
Ulrik Schioler Kesmodel, Ph.D. Bjorn Bay, Ph.D_,9 and Tine Brink Henriksen, Ph.D.?

“ Perinatal Epidemioclogy Researc h Unit and Department of Pediatrics, Aarhus University Hospital, Aarhus; P Department of
Public Healh, Section for Epidemiclogy, Aarhus University, Aarhus; © Fertility Clinic, Department of Obstetrics and
Gynecology, Herlev University Hospital, Herlev; and < Fertil ity Clinic, Department of Obstetrics and Gynecology, Aarhus
Uniwversity, Regional Hospital Horsens, Horsens, Denmark

TABLE 2

Associations between types of fertility treatment and childhood type 1 diabetes mellitus in 565,116 singleton pregnancies, Denmark,
1995-2003.

Exposure Pregnancies, n (%)  Diabetes, n (%)  Person-years at risk HR HR (95% CI) adjusted”
No fertility treatment 541,641(959) 1928(0.4) 1,581,754 100 (reference) 100 (reference)
Olor Ul 14,985 (2.7) 54(04) 202,015 1.06 101(0.77-132)
IVFor ICSI 8490 (1.5) 29(0.3) 112,850 1.03 099(0.67-145)

Note: Cl = confidence interval; HR = hazard rate ratio; 1CSl = intracytoplasmic sperm injection; IUl = intrautering insemination; IVF = in vitro fertiization; Ol = owulation induction.
* Adjusted for matemal age at birth, matemal smoking during pregnancy, matemal education, maternal ethnicity, maternal and paternal type 1 diabetes mellitus, and child's year of birth,

Kettner. Fertity treatment and type 1 diabetes. Fertil Steril 2016.

London 14-15 November, 2019 University of Gothenburg



& Type 1 Diabetes in Children born after Assisted Reproductive

UNIVERSITY OF

GOTHENBURG Technology: a register based national cohort study

Emma Norrman, MD-®, Max Petzold, PhDZ?, Tine Dalsgaard Clausen, MD, PhD?, Anna-Karina Henningsen, MD4, Signe Opdahl, MD,
PhD?%, Anja Pinborg, MD, PhD* Annika Rosengren, MD, PhD® Christina Bergh, MD, PhD"-2, Ulla-Britt Wennerholm, MD, PhD'#

'Department of Obstetrics and Gynecology, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Sahlgrenska
University Hospital/Ostra, Gothenburg, Sweden

ART SC

n=47,938 n=3,090,602
DM1 202 17,916
per 100 000 person years 43.4 35.5

aHR (ART vs SC):1.07 (0.93-1.23)
aHR (FET vs fresh): 1.52 (1.08-2.14)
aHR (FET vs SC):1.41 (1.05 to 1.89)

Norrman, accepted 2019

University of Gothenburg



Reproductive health in ICSI
Pubertal development

116 ICSI boys and 115 SC boys, 14 years old
Genital development and pubic hair development comparable

. "‘\‘ A e e Ty
VAD SToRal) (- i M
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" 4

——

T f
(“;"'\ > .'r_ ‘),__/\./—/‘
[2)

101 ICSI girls and 108 SC girls, 14 years old

Mean (SD) age for menarche 13.1 (1.2) and
13.1 (1.4) years

Pubic hair development comparable

Breast development was less advanced in ICSI
Belva et al., Hum Reprod 2012

London 14-15 November, 2019 o
University of Gothenburg



Reproductive health in ICSI

54 |CSI men and 57 SC men, 18-22 years old
Reproductive hormones:

FSH, LH, testosterone, and inhibin B comparable
Semen parameters:

Lower semen parameters in ICSI cohort

Concentration <15 million/ml: AOR 2.7 (95% ClI 1.1-6.7)
Total count <39 million: AOR 4.3 (95% Cl 1.7-11.3)

71 ICSI women and 81 SC women, 18-22 years old
Reproductive hormones:

AMH, FSH, LH, and DHEAS comparable

Mean follicle count/ovary comparable
Belva et al., 2016 2017

London 14-15 November, 2019 o
University of Gothenburg



KEY MESSSAGES - short term outcomes

Neonatal outcome (PTB, LBW) -increased rates
Congenital birth defects - increased rate
ICSI-IVF-No differences
Cryopreservation-lower PTB/LBW, higher LGA

London 14-15 November, 2019 o
University of Gothenburg



KEY MESSAGES — long term outcomes

= Growth-no difference

= Cancer no/small increased risk

= Neuro-developmental diseases- no increased risk
= Academic performance-reassuring

= Autism-reassuring

= SBP and DBP slightly higher

= Cardiac diastolic function suboptimal and vessels thickness
was higher

= BMI and lipid metabolism similar
= Type 1 Diabetes-increased for FET

London 14-15 November, 2019 o
University of Gothenburg
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Cardiometabolic differences in children born after IVF

(8-18 year-old, matched age and gender)

IVF Controls P-value
N=225 (subfertile)
N=225
SBT 109+11 105+1 <0.001
DBT 61+7 59+7 <0.001
Fasting glucose 5.0£t0.4 4.810.4 <0.005

London 14-15 November, 2019

Ceelen et al, 2008

University of Gothenburg



Are ICSI adolescents at risk for increased adiposity?

(14-year old ICSI singletons and spontaneous conception, n=233)

Result: ICSI girls more central, peripheral and
total adiposity

Belva et al, 2012

London 14-15 November, 2019 o
University of Gothenburg
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-Association between assisted
_reproductive technology and the
risk of autism spectrum disorders in

Received: 24 August 2016 :

vy - the offspring: a meta-analysis

Published: 07 April 2017 Liang liv”, Junwei Gao®, Xie He, Yulong Cai, Lian Wang & Xiaotang Fan

11 studies
N=46 249 ART children

London 14-15 November, 2019 o
University of Gothenburg



Study %

D ES (95% CI) Weight
L
Svahn (2015) - 1.06 (0.99, 1.14) 14.44
Kamowski-Shakibai (2015) - 1.73 (0.33, 9.08) 1.56
Fountain (2015) = 1.71 (1.55. 1.89) 14.24
Sandin (2013) —— 1.22(1.01. 1.49) 13.15
Ozbaran (2013) < . : 0.49 (0.04, 5.61) 0.75
Lehti {2013) —_ 0.90 (0.70, 1.30) 11.35
Grether (2013) —:— 099 (0.67, 1.530) 981
Lyall {2012) —l'-"— 1.11{0.77, 1.62) 10.31
Shimada (2012) - 1.84 (1.18, 2.85) 9.21
Zachor (2011) C—— 278 (1.81.4.27) 9.30
Stein (2006) —— 1.
Owverall (l-squared = 88.1%. p = 0.000) <> 1.35 (1.00, 1.68) 100.0

MOTE: ¥Weights are from random effects analysis 1
T T

04 1 25

Figure 2. Forest plot of ASDs risk associated with ART using. ASDs, autism spectrum disorders; CI,
confidence interwval.

No increase when
adjusted for multiplicity!

London 14-15 November, 2019 University of Gothenburg
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Academic performance in adolescents
born after ART—a nationwide
registry-based cohort study
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Academic performance in adolescents aged
15-16 years born after frozen embryo transfer
compared with fresh embryo transfer:

a nationwide registry-based cohort study

AL Spangmose,® 55 Malchauw,® AA Henningsen,®” JL Forman,© S Rasmussen,” A Loft® L Schmidt,©

A Pinborg®

* Fertlity Clinic, Department of Obstetrics and Gynecology, Copmhbagen University Hospital, Hvidowre, Copenhagen, Denmark ™ The Ferrilivy
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Cardiovascular and metabolic
profiles of offspring conceived by
assisted reproductive technologies:
a systematic review and
meta-analysis

Small increase in SBP and DBP

Cardiac diastolic function suboptimal and vessels
thickness was higher

Increased insulin levels, no difference in glucose
No difference in BMI and lipid metabolism

Indicates a certain risk of cardiovascular disease which
calls for further investigation

London 14-15 November, 2019 o
University of Gothenburg



l ORIGINAL www.jpeds.com * THE JOURNAL OF PEDIATRICS
ARTICLES ®
Long-Term Cardiovascular Morbidity in Children Born Following
Fertility Treatment

Sivan Reut Shiloh, BSc', Eyal Sheiner, MD, PhD', Tamar Wainstock, PhD?, Asnat Walfisch, MD", Idit Segal, MD?,
Daniella Landau, MD*, and Avi Harlev, MD'

Population based cohort, Israel
Hospitilization up to age 13 years
Singletons: 2603 IVF, 237 863 Spontaneous

conception

CVD:15 (0.6%) vs 1476 (0.6%)
aHR 1.05 (0.63-1.74)

London 14-15 November, 2019 o
University of Gothenburg
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Type 1 diabetes risk in children born to women wvvwith
fertility problems: a cohort study in 1.5 million Danish
children

MARIE HARGREAWVE'", SUSANME K. KJAER"™Z, MARIT E. JORGENSEMN** & ALLAN JENSEN"

"Wirws, Lifestyde and Genes, Danish Cancer Society Resesarch Center, Copenhagen, ~Department of Gynecology,
Rigshospitalet University Hospital University of Copenhagen, Copenhagen, “Clinical Epidemiology, Steno Dfabetes Center,
Gentofte, and ‘Mational institute of Public Health, University of Southern Denmark, Odense, Denmark
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& Type 1 Diabetes in Children born after Assisted Reproductive

UNIVERSITY OF

GOTHENBURG Technology: a register based national cohort study

Emma Norrman, MD-®, Max Petzold, PhDZ?, Tine Dalsgaard Clausen, MD, PhD?, Anna-Karina Henningsen, MD4, Signe Opdahl, MD,
PhD?%, Anja Pinborg, MD, PhD* Annika Rosengren, MD, PhD® Christina Bergh, MD, PhD"-2, Ulla-Britt Wennerholm, MD, PhD'#

'Department of Obstetrics and Gynecology, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Sahlgrenska
University Hospital/Ostra, Gothenburg, Sweden

Year of birth 1985 to 2015

Singletons born after ART (n=47 938)

Singletons born after SC (n=3 090 602)

ART: 36 727 fresh embryo transfer, 11 211 frozen embryo transfer

London 14-15 November, 2019 o
University of Gothenburg



National registries

IVF-registries
Medical Birth Registry
National Patient Registry
SWEDIABKIDS
National Diabetes Register
Swedish Prescribed Drug Register
SCB (Swedish Central Bureau)

London 14-15 November, 2019 =
University of Gothenburg



Association between ART and type 1 diabetes in singletons born in Sweden between
1985 and 2015

All ART SC

n=47 938 n= 3,090,602
Type 1 diabetes n, % 202 17 916
(n= 18 118)
Person-years at risk 465 450 50471 136
HR (95% Cl) crude 1.23 1.00 (reference)
ART vs SC (1.07 to 1.42)
HR (95% Cl) adjusted? 1.13 1.00 (reference)
ART versus SC (0.98 to 1.30)
HR (95% Cl) adjustedb 1.07 1.00 (reference)
ART versus SC (0.93 to 1.23)

3Adjusted for calendar year of birth
bAdjusted for maternal age, sex, year of birth, maternal smoking, maternal country of birth and educational level, type 1 diabetes of the parents

London 14-15 November, 2019 o e
University of Gothenburg



Association between frozen embryo transfer and type 1 diabetes in singletons born in Sweden
between 1985 and 2015

IVF/ICSI frozen IVF/ICSI fresh Spontaneous
N= 11,211 N= 36,727 conception
N= 3,090,602
Type 1 diabetes 45 157 17,916
N=202 (%) (0.40) (0.43) (0.58)
Person-years at risk 83,181 382,269 50,471,136
HR (95% Cl) crude 1.48 1.00
Frozen versus fresh (1.06 to 2.07) (reference)
IVF/ICSI
HR (95% Cl) adjusted® 1.52 1.00
Frozen versus fresh (1.08 to 2.14) (reference)
IVF/ICSI
HR (95% Cl) crude 1.65 1.00
Frozen IVF/ICSI versus SC (1.23 to 2.21) (reference)
HR (95% Cl) adjusted® 1.41 1.00
Frozen IVF/ICSI versus SC (1.05 to 1.89) (reference)

bAdjusted for maternal age, sex, year of birth, maternal smoking, maternal country of birth and educational level, type 1 diabetes of the parents

London 14-15 November, 2019
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Long-term follow-up of ICSI-
conceived offspring compared with
spontanecusly conceived offspring:
a systematic review of health
outcomes beyond the neonatal
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1.2.35 R. Catford . TR, 1. McLachlan, *M. K. O'Bryan and >%). L. Halliday
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Gynecology, Monash University, Clayton, VIC, Australia, *Public Health Genetics, Murdoch Childrens
Research Institute, Parkwville, VI1C, Australia, *The School of Biological Sciences, Monash University,
Clayton, VI, Australia, SI:l'epartment of Paediatrics, University of Melbourne, Parkville, VIC, Australia

London 14-15 November, 2019

University of Gothenburg



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Singletons: ART vs spontaneous conception�Systematic reviews and meta-analyses�
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Birth defects: �ICSI compared to IVF
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Cognitive and psychomotor development
	Slide Number 18
	ART and neurological impairment �Cerebral Palsy
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Reproductive health in ICSI �Pubertal development
	Slide Number 45
	Slide Number 46
	KEY MESSAGES – long term outcomes
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	National registries
	Slide Number 60
	Slide Number 61
	Slide Number 62

