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Abstract


Infertility affects 11% of reproductive-age women in the United States and the number of live births from infertility treatment, both in vitro fertilization (IVF) and non-IVF fertility treatment (NIFT), continues to rise. Given this trend, the perinatal and childhood outcomes of children conceived with assisted reproduction are of critical importance. We provide a comprehensive overview of the current literature, consisting primarily of observational cohort studies focused on IVF children. The outcomes of interest include (1) perinatal outcomes of low birth weight and prematurity; (2) congenital birth defects; (3) childhood development to encompass autism spectrum disorders, development, and school functioning; (4) growth and puberty: and (5) childhood cancer. Overall, these data appear to be reassuring; however, further studies are needed to clarify the role of underlying parental infertility and to focus on NIFT conceptions. There remains a paucity of long-term data for these children as they progress to adulthood and long-term prospective registries will be the key to answering these questions.




        

Keywords

perinatal outcomes - 
infertility - 
IVF - 
NIFT
      




 




	
References


	
1 

Chandra A, 


Copen CE, 


Stephen EH. 

Infertility and impaired fecundity in the United States, 1982-2010: data from the National Survey of Family Growth. Natl Health Stat Rep 2013; (67) 1-18 , 1, 19 





PubMedGoogle Scholar





	
2 

Sunderam S, 


Kissin DM, 


Crawford SB, 


Folger SG, 


Jamieson DJ, 


Barfield WD. 

; Centers for Disease Control and Prevention (CDC).  Assisted reproductive technology surveillance--United States, 2011. MMWR Surveill Summ 2014; 63 (10) 1-28 





PubMedGoogle Scholar





	
3 

Schieve LA, 


Meikle SF, 


Ferre C, 


Peterson HB, 


Jeng G, 


Wilcox LS. 

Low and very low birth weight in infants conceived with use of assisted reproductive technology. N Engl J Med 2002; 346 (10) 731-737 





CrossrefPubMedGoogle Scholar





	
4 

Jackson RA, 


Gibson KA, 


Wu YW, 


Croughan MS. 

Perinatal outcomes in singletons following in vitro fertilization: a meta-analysis. Obstet Gynecol 2004; 103 (03) 551-563 





CrossrefPubMedGoogle Scholar





	
5 

McDonald SD, 


Han Z, 


Mulla S, 


Murphy KE, 


Beyene J, 


Ohlsson A. 

; Knowledge Synthesis Group.  Preterm birth and low birth weight among in vitro fertilization singletons: a systematic review and meta-analyses. Eur J Obstet Gynecol Reprod Biol 2009; 146 (02) 138-148 





CrossrefPubMedGoogle Scholar





	
6 

Pandey S, 


Shetty A, 


Hamilton M, 


Bhattacharya S, 


Maheshwari A. 

Obstetric and perinatal outcomes in singleton pregnancies resulting from IVF/ICSI: a systematic review and meta-analysis. Hum Reprod Update 2012; 18 (05) 485-503 





CrossrefPubMedGoogle Scholar





	
7 

Camarano L, 


Alkon A, 


Nachtigall RD, 


Schembri M, 


Weiss S, 


Croughan MS. 

Preterm delivery and low birth weight in singleton pregnancies conceived by women with and without a history of infertility. Fertil Steril 2012; 98 (03) 681-686.e1 





CrossrefPubMedGoogle Scholar





	
8 

Lee B, 


Kroener LL, 


Xu N. 

, et al.  Function and hormonal regulation of GATA3 in human first trimester placentation. Biol Reprod 2016; 95 (05) 113 





CrossrefPubMedGoogle Scholar





	
9 

Liu Y, 


Lee KF, 


Ng EH, 


Yeung WS, 


Ho PC. 

Gene expression profiling of human peri-implantation endometria between natural and stimulated cycles. Fertil Steril 2008; 90 (06) 2152-2164 





CrossrefPubMedGoogle Scholar





	
10 

Haouzi D, 


Assou S, 


Mahmoud K. 

, et al.  Gene expression profile of human endometrial receptivity: comparison between natural and stimulated cycles for the same patients. Hum Reprod 2009; 24 (06) 1436-1445 





CrossrefPubMedGoogle Scholar





	
11 

Horcajadas JA, 


Riesewijk A, 


Polman J. 

, et al.  Effect of controlled ovarian hyperstimulation in IVF on endometrial gene expression profiles. Mol Hum Reprod 2005; 11 (03) 195-205 





CrossrefPubMedGoogle Scholar





	
12 

Kalra SK, 


Ratcliffe SJ, 


Coutifaris C, 


Molinaro T, 


Barnhart KT. 

Ovarian stimulation and low birth weight in newborns conceived through in vitro fertilization. Obstet Gynecol 2011; 118 (04) 863-871 





CrossrefPubMedGoogle Scholar





	
13 

Wennerholm UB, 


Henningsen AK, 


Romundstad LB. 

, et al.  Perinatal outcomes of children born after frozen-thawed embryo transfer: a Nordic cohort study from the CoNARTaS group. Hum Reprod 2013; 28 (09) 2545-2553 





CrossrefPubMedGoogle Scholar





	
14 

Maheshwari A, 


Pandey S, 


Shetty A, 


Hamilton M, 


Bhattacharya S. 

Obstetric and perinatal outcomes in singleton pregnancies resulting from the transfer of frozen thawed versus fresh embryos generated through in vitro fertilization treatment: a systematic review and meta-analysis. Fertil Steril 2012; 98 (02) 368-77.e1 , 9 





CrossrefPubMedGoogle Scholar





	
15 

Maheshwari A, 


Raja EA, 


Bhattacharya S. 

Obstetric and perinatal outcomes after either fresh or thawed frozen embryo transfer: an analysis of 112,432 singleton pregnancies recorded in the Human Fertilisation and Embryology Authority anonymized dataset. Fertil Steril 2016; 106 (07) 1703-1708 





CrossrefPubMedGoogle Scholar





	
16 

Wen J, 


Jiang J, 


Ding C. 

, et al.  Birth defects in children conceived by in vitro fertilization and intracytoplasmic sperm injection: a meta-analysis. Fertil Steril 2012; 97 (06) 1331-7.e1 , 4 





CrossrefPubMedGoogle Scholar





	
17 

Hansen M, 


Kurinczuk JJ, 


Bower C, 


Webb S. 

The risk of major birth defects after intracytoplasmic sperm injection and in vitro fertilization. N Engl J Med 2002; 346 (10) 725-730 





CrossrefPubMedGoogle Scholar





	
18 

Hansen M, 


Kurinczuk JJ, 


de Klerk N, 


Burton P, 


Bower C. 

Assisted reproductive technology and major birth defects in Western Australia. Obstet Gynecol 2012; 120 (04) 852-863 





CrossrefPubMedGoogle Scholar





	
19 

Boulet SL, 


Kirby RS, 


Reefhuis J. 

, et al; States Monitoring Assisted Reproductive Technology (SMART) Collaborative.  Assisted reproductive technology and birth defects among liveborn infants in Florida, Massachusetts, and Michigan, 2000-2010. JAMA Pediatr 2016; 170 (06) e154934 





CrossrefPubMedGoogle Scholar





	
20 

Davies MJ, 


Moore VM, 


Willson KJ. 

, et al.  Reproductive technologies and the risk of birth defects. N Engl J Med 2012; 366 (19) 1803-1813 





CrossrefPubMedGoogle Scholar





	
21 

Zhu JL, 


Basso O, 


Obel C, 


Bille C, 


Olsen J. 

Infertility, infertility treatment, and congenital malformations: Danish national birth cohort. BMJ 2006; 333 (7570): 679 





CrossrefPubMedGoogle Scholar





	
22 

Rapin I. 

Autism. N Engl J Med 1997; 337 (02) 97-104 





CrossrefPubMedGoogle Scholar





	
23 

Christensen DL, 


Baio J, 


Van Naarden Braun K. 

, et al; Centers for Disease Control and Prevention (CDC).  Prevalence and characteristics of autism spectrum disorder among children aged 8 years--Autism and Developmental Disabilities Monitoring Network, 11 Sites, United States, 2012. MMWR Surveill Summ 2016; 65 (03) 1-23 





PubMedGoogle Scholar





	
24 Centers for Disease Control and Prevention (CDC).  Mental health in the United States: parental report of diagnosed autism in children aged 4-17 years--United States, 2003-2004. MMWR Morb Mortal Wkly Rep 2006; 55 (17) 481-486 





PubMedGoogle Scholar





	
25 

Sandin S, 


Nygren KG, 


Iliadou A, 


Hultman CM, 


Reichenberg A. 

Autism and mental retardation among offspring born after in vitro fertilization. JAMA 2013; 310 (01) 75-84 





CrossrefPubMedGoogle Scholar





	
26 

Kissin DM, 


Zhang Y, 


Boulet SL. 

, et al.  Association of assisted reproductive technology (ART) treatment and parental infertility diagnosis with autism in ART-conceived children. Hum Reprod 2015; 30 (02) 454-465 





CrossrefPubMedGoogle Scholar





	
27 

Hvidtjørn D, 


Grove J, 


Schendel D. 

, et al.  Risk of autism spectrum disorders in children born after assisted conception: a population-based follow-up study. J Epidemiol Community Health 2011; 65 (06) 497-502 





CrossrefPubMedGoogle Scholar





	
28 

Lehti V, 


Brown AS, 


Gissler M, 


Rihko M, 


Suominen A, 


Sourander A. 

Autism spectrum disorders in IVF children: a national case-control study in Finland. Hum Reprod 2013; 28 (03) 812-818 





CrossrefPubMedGoogle Scholar





	
29 

Conti E, 


Mazzotti S, 


Calderoni S, 


Saviozzi I, 


Guzzetta A. 

Are children born after assisted reproductive technology at increased risk of autism spectrum disorders? A systematic review. Hum Reprod 2013; 28 (12) 3316-3327 





CrossrefPubMedGoogle Scholar





	
30 

Bowen JR, 


Gibson FL, 


Leslie GI, 


Saunders DM. 

Medical and developmental outcome at 1 year for children conceived by intracytoplasmic sperm injection. Lancet 1998; 351 (9115): 1529-1534 





CrossrefPubMedGoogle Scholar





	
31 

Bonduelle M, 


Ponjaert I, 


Steirteghem AV, 


Derde MP, 


Devroey P, 


Liebaers I. 

Developmental outcome at 2 years of age for children born after ICSI compared with children born after IVF. Hum Reprod 2003; 18 (02) 342-350 





CrossrefPubMedGoogle Scholar





	
32 

Balayla J, 


Sheehy O, 


Fraser WD. 

, et al.  Neurodevelopmental outcomes after assisted reproductive technologies. Obstet Gynecol 2017; 129 (02) 265-272 





CrossrefPubMedGoogle Scholar





	
33 

Leslie GI, 


Gibson FL, 


McMahon C, 


Cohen J, 


Saunders DM, 


Tennant C. 

Children conceived using ICSI do not have an increased risk of delayed mental development at 5 years of age. Hum Reprod 2003; 18 (10) 2067-2072 





CrossrefPubMedGoogle Scholar





	
34 

Place I, 


Englert Y. 

A prospective longitudinal study of the physical, psychomotor, and intellectual development of singleton children up to 5 years who were conceived by intracytoplasmic sperm injection compared with children conceived spontaneously and by in vitro fertilization. Fertil Steril 2003; 80 (06) 1388-1397 





CrossrefPubMedGoogle Scholar





	
35 

Bay B, 


Mortensen EL, 


Kesmodel US. 

Fertility treatment and child intelligence, attention, and executive functions in 5-year-old singletons: a cohort study. BJOG 2014; 121 (13) 1642-1651 





CrossrefPubMedGoogle Scholar





	
36 

Wagenaar K, 


Ceelen M, 


van Weissenbruch MM, 


Knol DL, 


Delemarre-van de Waal HA, 


Huisman J. 

School functioning in 8- to 18-year-old children born after in vitro fertilization. Eur J Pediatr 2008; 167 (11) 1289-1295 





CrossrefPubMedGoogle Scholar





	
37 

Bay B, 


Mortensen EL, 


Golombok S. 

, et al.  Long-awaited pregnancy: intelligence and academic performance in offspring of infertile parents-a cohort study. Fertil Steril 2016; 106 (05) 1033-1040.e1 





CrossrefPubMedGoogle Scholar





	
38 

Mains L, 


Zimmerman M, 


Blaine J. 

, et al.  Achievement test performance in children conceived by IVF. Hum Reprod 2010; 25 (10) 2605-2611 





CrossrefPubMedGoogle Scholar





	
39 

Olivennes F, 


Kerbrat V, 


Rufat P. 

, et al.  [Follow-up of a cohort of 422 children aged from 6 to 13 and conceived by in vitro fertilization]. Contracept Fertil Sex 1997; 25 (05) XIII-XVIII 





PubMedGoogle Scholar





	
40 

Ceelen M, 


van Weissenbruch MM, 


Prein J. 

, et al.  Growth during infancy and early childhood in relation to blood pressure and body fat measures at age 8-18 years of IVF children and spontaneously conceived controls born to subfertile parents. Hum Reprod 2009; 24 (11) 2788-2795 





CrossrefPubMedGoogle Scholar





	
41 

Bay B, 


Mortensen EL, 


Kesmodel US. 

Is subfertility or fertility treatment associated with long-term growth in the offspring? A cohort study. Fertil Steril 2014; 102 (04) 1117-1123 





CrossrefPubMedGoogle Scholar





	
42 

Koivurova S, 


Hartikainen AL, 


Sovio U, 


Gissler M, 


Hemminki E, 


Järvelin MR. 

Growth, psychomotor development and morbidity up to 3 years of age in children born after IVF. Hum Reprod 2003; 18 (11) 2328-2336 





CrossrefPubMedGoogle Scholar





	
43 

Miles HL, 


Hofman PL, 


Peek J. 

, et al.  In vitro fertilization improves childhood growth and metabolism. J Clin Endocrinol Metab 2007; 92 (09) 3441-3445 





CrossrefPubMedGoogle Scholar





	
44 

Ceelen M, 


van Weissenbruch MM, 


Vermeiden JP, 


van Leeuwen FE, 


Delemarre-van de Waal HA. 

Pubertal development in children and adolescents born after IVF and spontaneous conception. Hum Reprod 2008; 23 (12) 2791-2798 





CrossrefPubMedGoogle Scholar





	
45 

Beydoun HA, 


Sicignano N, 


Beydoun MA, 


Bocca S, 


Stadtmauer L, 


Oehninger S. 

Pubertal development of the first cohort of young adults conceived by in vitro fertilization in the United States. Fertil Steril 2011; 95 (02) 528-533 





CrossrefPubMedGoogle Scholar





	
46 

Hargreave M, 


Jensen A, 


Toender A, 


Andersen KK, 


Kjaer SK. 

Fertility treatment and childhood cancer risk: a systematic meta-analysis. Fertil Steril 2013; 100 (01) 150-161 





CrossrefPubMedGoogle Scholar





	
47 

Källén B, 


Finnström O, 


Lindam A, 


Nilsson E, 


Nygren KG, 


Olausson PO. 

Cancer risk in children and young adults conceived by in vitro fertilization. Pediatrics 2010; 126 (02) 270-276 





CrossrefPubMedGoogle Scholar





	
48 

Petridou ET, 


Sergentanis TN, 


Panagopoulou P. 

, et al.  In vitro fertilization and risk of childhood leukemia in Greece and Sweden. Pediatr Blood Cancer 2012; 58 (06) 930-936 





CrossrefPubMedGoogle Scholar





	
49 

Hargreave M, 


Jensen A, 


Nielsen TS. 

, et al.  Maternal use of fertility drugs and risk of cancer in children--a nationwide population-based cohort study in Denmark. Int J Cancer 2015; 136 (08) 1931-1939 





CrossrefPubMedGoogle Scholar





	
50 

Moll AC, 


Imhof SM, 


Cruysberg JR, 


Schouten-van Meeteren AY, 


Boers M, 


van Leeuwen FE. 

Incidence of retinoblastoma in children born after in-vitro fertilisation. Lancet 2003; 361 (9354): 309-310 





CrossrefPubMedGoogle Scholar





	
51 

Bruinsma F, 


Venn A, 


Lancaster P, 


Speirs A, 


Healy D. 

Incidence of cancer in children born after in-vitro fertilization. Hum Reprod 2000; 15 (03) 604-607 





CrossrefPubMedGoogle Scholar





	
52 

Reigstad MM, 


Larsen IK, 


Myklebust TA. 

, et al.  Risk of cancer in children conceived by assisted reproductive technology. Pediatrics 2016; 137 (03) e20152061 





CrossrefPubMedGoogle Scholar





	
53 

Williams CL, 


Bunch KJ, 


Stiller CA. 

, et al.  Cancer risk among children born after assisted conception. N Engl J Med 2013; 369 (19) 1819-1827 





CrossrefPubMedGoogle Scholar





	
54 

Klip H, 


Burger CW, 


de Kraker J, 


van Leeuwen FE. 

; OMEGA-project group.  Risk of cancer in the offspring of women who underwent ovarian stimulation for IVF. Hum Reprod 2001; 16 (11) 2451-2458 





CrossrefPubMedGoogle Scholar





	
55 

Foix-L'Hélias L, 


Aerts I, 


Marchand L. 

, et al.  Are children born after infertility treatment at increased risk of retinoblastoma?. Hum Reprod 2012; 27 (07) 2186-2192 





CrossrefPubMedGoogle Scholar





	
56 

Schieve LA, 


Devine O, 


Boyle CA, 


Petrini JR, 


Warner L. 

Estimation of the contribution of non-assisted reproductive technology ovulation stimulation fertility treatments to US singleton and multiple births. Am J Epidemiol 2009; 170 (11) 1396-1407 





CrossrefPubMedGoogle Scholar





	
57 

Ombelet W, 


Martens G, 


De Sutter P. 

, et al.  Perinatal outcome of 12,021 singleton and 3108 twin births after non-IVF-assisted reproduction: a cohort study. Hum Reprod 2006; 21 (04) 1025-1032 





CrossrefPubMedGoogle Scholar





	
58 

Poon WB, 


Lian WB. 

Perinatal outcomes of intrauterine insemination/clomiphene pregnancies represent an intermediate risk group compared with in vitro fertilisation/intracytoplasmic sperm injection and naturally conceived pregnancies. J Paediatr Child Health 2013; 49 (09) 733-740 





CrossrefPubMedGoogle Scholar





	
59 

De Sutter P, 


Veldeman L, 


Kok P, 


Szymczak N, 


Van der Elst J, 


Dhont M. 

Comparison of outcome of pregnancy after intra-uterine insemination (IUI) and IVF. Hum Reprod 2005; 20 (06) 1642-1646 





CrossrefPubMedGoogle Scholar





	
60 

Gaudoin M, 


Dobbie R, 


Finlayson A, 


Chalmers J, 


Cameron IT, 


Fleming R. 

Ovulation induction/intrauterine insemination in infertile couples is associated with low-birth-weight infants. Am J Obstet Gynecol 2003; 188 (03) 611-616 





CrossrefPubMedGoogle Scholar





	
61 

Yeung EH, 


Sundaram R, 


Bell EM. 

, et al.  Infertility treatment and children's longitudinal growth between birth and 3 years of age. Hum Reprod 2016; 31 (07) 1621-1628 





CrossrefPubMedGoogle Scholar





	
62 

Yeung EH, 


Sundaram R, 


Bell EM. 

, et al.  Examining infertility treatment and early childhood development in the Upstate KIDS Study. JAMA Pediatr 2016; 170 (03) 251-258 





CrossrefPubMedGoogle Scholar





	
63 

Klemetti R, 


Sevón T, 


Gissler M, 


Hemminki E. 

Health of children born after ovulation induction. Fertil Steril 2010; 93 (04) 1157-1168 





CrossrefPubMedGoogle Scholar





	
64 

Savage T, 


Peek JC, 


Robinson EM. 

, et al.  Ovarian stimulation leads to shorter stature in childhood. Hum Reprod 2012; 27 (10) 3092-3099 





CrossrefPubMedGoogle Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.215.70.12
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  