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Abstract  

Objectives: to assess the risk of Autism Spectrum Disorders (ASD) in children born after assisted 

conception compared to children born after natural conception (NC). Design: population based follow-up 

study. Setting: all children born alive in Denmark 1995-2003. Participants: 588,967 children born in 

Denmark from January 1995 to December 2003. Assisted conception was defined as in vitro fertilization 

(IVF), with or without intracytoplasmic sperm injection (ICSI) and ovulation induction (OI) with or without 

subsequent insemination. Children exposed to IVF or OI were identified in the IVF Register and in the 

Danish Drug Prescription Register. Main outcome measures: a diagnosis of Autism Spectrum Disorders in 

the Danish Psychiatric Central Register. Results: 33,139 (5.6%) of all children born in Denmark 1995-2003 

resulted from assisted conception and 225 (0.68%) of these exposed children received an ASD diagnosis. Of 

the 555,828 NC children born in this period 3,394 (0.61%) received an ASD diagnosis. The follow-up time 

was 4 to 13 years with a median follow-up time of 9 years. In crude analyses children born after assisted 

conception had an increased risk of getting an ASD diagnosis, crude hazard rate ratio (HRR) 1.25 (95% CI 

1.09-1.43). In analyses adjusting for maternal age, educational level, parity, smoking, birth weight and 

multiplicity the risk disappeared, adjusted HRR 1.13. (95% CI 0.97-1.31). However, subgroup analyses that 

suggest possible associations in women who received FSH medications indicate the need for further study.  

Discussion: this population based follow-up study demonstrated no risk of ASD in children born after 

assisted conception.   

 

What is already known on this subject? 
• The few studies that have assessed the association between Autism Spectrum Disorders (ASD) 

and assisted conception present inconsistent results and disclose methodological limitations such 
as lack of statistical power. 

• Associations between ASD and assisted conception might be anticipated due to at least 3 shared 
risk factors; high parental age, high maternal educational level and hormonal disturbances. 

• Furthermore, a higher risk of ASD in children born after assisted conception might also be 
expected since assisted conception leads to a high rate of preterm delivery (PTD) and low birth 
weight (LBW) and associations between PTD or LBW and ASD have been reported. 

What this study adds 
• This population based follow-up study demonstrated no risk of ASD in children born after assisted 

conception.   
• However, we did find an increased risk in a subgroup of women who had IVF treatment and were 

exposed to FSH  
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Introduction  

The etiology behind infantile autism and autism spectrum disorders (ASD) is multifactorial and largely 

unknown. 1 Associations between ASD and assisted conception might be anticipated due to at least 3 shared 

risk factors; high parental age, 2-8 high maternal educational level 3;9 and hormonal disturbances. 10-12 

Furthermore, a higher risk of ASD in children born after assisted conception might also be expected since 

assisted conception leads to a high rate of preterm delivery (PTD) and low birth weight (LBW) 13-19 and 

associations between PTD or LBW and ASD have been reported. 3;6;20;21 The use of assisted conception has 

increased over the last 2 decades. 14;22   

 We identified 8 studies assessing the risk of infantile autism or ASD in children born after assisted 

conception. 23-30 They present inconsistent results and disclose methodological problems such as lack of 

statistical power 26-28 or only evaluating a combined group of psychiatric disorders, rather than ASD 

specifically. 28;31 Furthermore, 6 studies only assessed one type of assisted conception, in vitro fertilization 

(IVF). In all, only one study found a significantly higher occurrence of ASD in children born after assisted 

conception compared to children born after natural conception (NC) 26; however, four other studies reported 

a non-statistically significantly increased risk. 23;24;28;29 One case-control study reported a protective effect of 

assisted conception on infantile autism after adjusting for several factors including gestational age. 30 None 

of the studies distinguished between different underlying causes of infertility or between different types of 

medications used in the treatment. Consequently, the relationship between ASD and assisted conception is 

still not well understood. To overcome methodological problems in former studies, we assessed the risk of 

infantile autism and ASD in a large population-based cohort of children born after assisted conception. 

Assisted conception was defined as IVF, with or without intracytoplasmic sperm injection (ICSI) and ovulation 

induction (OI) with or without subsequent insemination. We also evaluated underlying causes of infertility and 

specific medications used in the treatments.  

  

Methods  

Study population  

This cohort study was based on data from Danish National Registers and linkage between the registers was 

achieved by use of the unique registration number given to all citizens in Denmark. Our study comprised all 

children born alive in Denmark from 1 January 1995 to 31 December 2003, identified through the Danish 

Medical Birth Register (MBR), containing information on all births in Denmark. 32  

Exposure 

Children exposed to IVF were identified through the IVF Register holding data from all private and public 

fertility clinics including underlying causes of infertility (tubal, male, ovulation or mixed and unspecified 

factors). 33 Children exposed to OI were identified through the Danish Drug Prescription Register (DDPR) 

holding information on all prescription drugs sold at pharmacies in Denmark. The medications used during OI 

are prescription drugs bought at the pharmacy enabling identification of the women who went through OI in 

the DDPR. Drugs used in assisted conception were identified by the authors through cross checking with the 

official Danish Pharmaceutical Classified Catalogue, www.medicin.dk, the US website www.drugs.com, 

Books of Instruction of Danish fertility clinics from the time period in question and by means of clinical 
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experience. To identify women who had hormonal treatment in relation to the index pregnancy, we set up a 

time window for the date of dispatch of 12 weeks before and 4 weeks after last menstrual period (LMP). As 

the drugs used in OI are also used in IVF, we excluded women from the OI group who were included in the 

IVF register with the same LMP date.  

Outcome 

Children diagnosed with an ASD diagnosis (F84.0, F84.1, F84.5, F84.8 and F84.9) or specifically infantile 

autism (F84.0) through May 8, 2008 were identified via the Danish Psychiatric Central Register (DPCR). The 

DPCR implements information on all Danish psychiatric in- and out-patient admissions since 1995 34 and in 

Denmark all autism diagnoses are made at public child mental health services, reporting all in- and out-

patient discharge diagnoses to the DPCR. 

Covariates  

Further covariate information was obtained from MBR and Statistics Denmark: birth weight (BW), gestational 

age (GA), multiplicity, sex, maternal age, educational level, smoking, and parity. Maternal age was divided 

into 5 year age groups 20-24, 25-29 (referent category (ref.)), 30-34, 35-39, 40+, BW was grouped into 500-

1499 g, 1500-2499 g and normal BW: 2500 g or more (ref): education level was categorized as low (9-10 

years of education), intermediate (11-16 years of education) (ref.) and high (17 or more years of education): 

parity was dichotomized into primipara and multipara (ref.): multiplicity was divided into singletons (ref.) and 

multiples: and maternal smoking during pregnancy was grouped into non-smoker (ref.), and smoking plus 

“stopped smoking during pregnancy” combined. As there are no mothers less than 20 years of age in the IVF 

Register, 10,137 children (1.7%) born from mothers of less than 20 years were excluded. 

Multivariate analyses  

Cox regression was used to measure the risk of getting an ASD diagnosis in children born after assisted 

conception combined and in IVF and OI separately. We conducted multivariate analyses including maternal 

age, parity, smoking, educational level, BW and multiplicity. Due to the skewed sex distribution in ASD, 

analyses were conducted for all children and stratified by sex.    

Sub-analyses  

In further analyses we explored if the risk of ASD was associated with a single underlying cause of infertility 

(tubal, male, ovulation or mixed and unspecified factors), but this information was only available in the IVF 

Register and only for 9,855 (66%) of the IVF children as many of the IVF children had unspecific or more 

than one cause. Finally, to disentangle if different hormones used in assisted conception (down-regulating 

hormones, clomiphene, follicle-stimulating hormone (FSH) and human chorionic gonadotropin (hCG)) were 

associated with ASD, we made exploratory analyses with specific hormone exposure. Information about use 

of specific hormones was available from the DDPR for all OI children but only for 51% of the IVF children. 

This was due to different dispensing procedures at IVF clinics; some clinics dispense the medication directly 

to the women while other IVF clinics provide prescriptions for the pharmacy. Only the latter group of women 

is included in the DDPR.  

Statistics   

The risk of getting an ASD or infantile autism diagnosis was measured by the incidence rate, using the child 

as the unit of analysis. The incidence rate was defined as the number of children receiving an ASD diagnosis 
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in a given time frame (1 January 1995 – 8 May 2008) divided by the total number of person-years the 

children in the cohort were at risk for the diagnosis during that time. We used Cox regression and the 

incidence rate ratio was estimated by the hazard rate ratio (HRR) with 95% confidence intervals (CI). It was 

verified that the proportional hazards assumption was met. To account for correlations between siblings in 

the cohort additional analyses were done employing robust standard errors. To reduce bias that might arise 

if exposed children at high risk for ASD were more likely to die as infants than unexposed children we 

conducted additional analyses excluding children less than one year old (i.e. limiting analysis to infant 

survivors). Stata 8.2 was used for the analyses, StataCorp. 2003. Stata Statistical Software: Release 8. 

College Station, TX: StataCorp LP.  

 

Results  

From January 1 1995 to December 31 2003, 588,967 children were born alive in Denmark from 399,598 

mothers of 20 years or more. In this period 33,139 (5.6%) children resulted from assisted conception; 14,991 

(2.6%) from IVF and 18,148 (3.0%) from OI. Compared to NC mothers, mothers having assisted conception 

were statistically significantly older (P <0.001); more often primipara (P <0.001); non-smokers (P <0.001); 

they had higher educational level (P 0.002) and delivered more multiples (P <0.001), children with low BW (P 

<0.001) and PTD (P <0.001) (Table 1). Furthermore, mothers having IVF, as opposed to OI, had the largest 

difference from mothers who conceived naturally on most of these characteristics. (Table 1) 

       
Table 1. Characteristics of women who used assisted conception and their children. 
Denmark 1995-2003. Numbers and percentages.   

Natural conception compared to the combined assisted conception group and IVF compared to OI  

       

 
Natural 

conception 
Assisted 

conception P IVF OI P 

Maternal age   <0.001   <0.001 

   20-24 81,371 (14.6) 1,175 (3.6)  206 (1.4) 969 (5.39  

   25-29 211,078 (38.0) 8,423 (25.4)  2,822 (18.8) 5,601 (30.9)  

   30-34 186,934 (33.6) 14,185 (42.8)  6,791 (45.3) 7,394 (40.7)  

   35-39 66,776 (12.0) 8,174 (24.7)  4,547 (30.3) 3,627 (20.0)  

   40+ 9,651 (1.8) 1,182 (3.5)  625 (4.2) 557 (3.1)  

       

Parity   <0.001   <0.001 

   primipara 228,059 (41.0) 22,171 (66.9)  11,099 (74.0) 11,072 (61.0)  

   multipara 327,746 (58.9) 10,968 (33.1)  3,892 (26.0) 7,076 (39.0)  

       

Educational level (years)   <0.001   0.002 

   lower (9-10) 111,404 (23.1) 4,641 (16.7)  2,175 (17.5) 2,466 (16.1)  

   intermediate (11-16) 331,842 (68.7) 20,187 (72.7)  8,975 (72.3) 11,212 (73.1)  

   higher (17+) 39,663 (8.2) 2,930 (10.6)  1,261 (10.2) 1,669 (10.8)  

       

Smoking   <0.001   <0.001 

   non-smoker 429,728 (77.7) 26,670 (83.7)  12,293 (82.4) 15,377 (84.8)  
   Smoker or stopped in       
   pregnancy 123,512 (22.3) 5,386 (16.3)  2,631 (17.6) 2,755 (15.2)  

       

Multiplicity   <0.001   <0.001 
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   singletons 541,616 (97.6) 23,483 (70.9)  8,501 (56.7) 14,982 (82.6)  

   twins 13,376 (2.4) 9,120 (27.5)  6,234 (41.6) 2,886 (15.9)  

   triplets 215 (0.0) 495 (1.5)  239 (1.6) 256 (1.4)  

   quadruplets 4 (0.0) 17 (0.1)  5 (0.1) 12 (0.1)  

       

Gestational age (weeks)   <0.001   <0.001 

   20-27  1,247 (0.2) 397 (1.2)  278 (1.9) 119 (0.7)  

   28-31 3,275 (0.6) 868 (2.6)  529 (3.6) 339 (1.9)  

   32-36 26,319 (4.8) 5,177 (15.7)  3,108 (20.8) 2,069 (11.4)  

   37-41 474,346 (85.9) 24,882 (75.3)  10,613 (71.2) 14,269 (78.6)  

   42+ 46,745 (8.5) 1,728 (5.2)  377 (2.5) 1,351 (7.4)  

       

Birth weight (grams)   <0.001   <0.001 

   500-1499  3,864 (0.7) 1,116 (3.4)  672 (4.6) 444 (2.5)  

   1500-2499 19,930 (3.6) 4,680 (14.3)  2,864 (19.4) 1,816 (10.1)  

   2500+ 527,278 (95.7) 29,957 (82.3)   11,214 (76.0) 15,743 (87.4)   
 

 Through May 8 2008, 3,619 (0.61%) children from the cohort received an ASD diagnosis; an infantile 

autism diagnosis was given to 1,385 children (0.24%). For all diagnoses the follow-up time was 4 to 13 years 

with a median follow-up time of 9 years. Within the time period (1995-2003), 3,479 mothers had one child 

with an ASD diagnosis, 64 mothers had two children with ASD diagnoses and 4 mothers had 3 children with 

ASD diagnoses. Mothers of children with ASD differed with statistical significance from mothers of other 

children according to select characteristics; they were older (P 0.002), more often primipara (P <0.001), 

smokers (P <0.001), they had higher or lower educational level (P <0.001), more preterm deliveries (P 

<0.001), and children with low BW (P <0.001) (Table 2).  

 

Table 2. Characteristics of children with an ASD diagnosis and their mothers,   
Denmark 1995-2003. Numbers (percentages) 
Children without ASD compared to children with ASD     

    
  no ASD  ASD  P 

Maternal age   <0.001 
   20-24 81,996 (14.0) 550 (15.2)  

   25-29 218,242 (37.3) 1,259 (34.8)  
   30-34 199,901 (34.2) 1,218 (33.7)  
   35-39 74,442 (12.7) 508 (14.0)  
   40+ 10,749 (1.8) 84 (2.3)  

    
Parity   <0.001 
   primipara 248,429 (42.4) 1,801 (49.8)  
   multipara 336,896 (57.6) 1,818 (50.2)  

    
Educational level (years)   <0.001 
   lower (9-10) 115,139 (22.7) 906 (27.0)  
   intermediate (11-16) 349,884 (69.0) 2,145 (63.8)  

   higher (17+) 42,283 (8.3) 310 (9.2)  
    
Smoking   <0.001 
   non-smoker 454,685 (78.0) 2,713 (75.3)  

   smoker or stopped in pregnancy 128,009 (22.0) 889 (24.7)  
    
Multiplicity   0.028 
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   singletons 561,598 (96.1) 3,501 (96.9)  
   twins 22,389 (3.8) 107 (3.0)  
   triplets 703 (0.1) 7 (0.1)  
   quadruplets 21 (0.0) 0 (0.0)  

    
Gestational age (weeks)   <0.001 
   20-27  1,624 (0.3) 20 (0.5)  
   28-31 4,114 (0.7) 29 (0.8)  

   32-36 31,268 (5.4) 228 (6.4)  
   37-41 496,232 (85.3) 2,996 (83.5)  
   42+ 48,158 (8.3) 315 (8.8)  
    

Birth weight (grams)   <0.001 
   500-1499  500 (0.9) 44 (1.2)  
   1500-2499 24,414 (4.2) 196 (5.5)  
   2500+ 550,889 (94.9) 3,346 (93.3)   

 

 In children born after assisted conception the risk of getting an ASD or an infantile autism diagnosis  

was increased, crude HRR 1.25 (95% CI 1.09-1.43) and crude HRR 1.25 (95% CI 1.01-1.54), respectively. 

Assessing the risk of an ASD diagnosis divided into specific treatment types IVF or OI, we found a crude 

HRR of 1.18 (0.95-1.44) and 1.31 (95% CI 1.10-1.56), respectively. In analyses adjusting for maternal age, 

educational level, smoking, parity, BW and multiplicity we found a HRR of 1.13 (0.97-1.31) in the combined 

assisted conception group and higher risk estimates in OI than in IVF (Table 3). In the adjusted analyses 

only girls born after OI had a statistically significant increased risk of ASD.     

 

Table 3. Hazard rate ratios and 95% confidence intervals for the association between ASD and assisted conception 
Crude and adjusted*       

  All Boys Girls  
  Crude Adjusted** Crude Adjusted** Crude Adjusted** 
Assisted 
conception     1.25 (1.09-1.43) 1.13 (0.97-1.31) 1.18 (1.01-1.37) 1.07 (0.91-1.27) 1.55 (1.14-2.10) 1.32 (0.93-1.88) 
IVF  1.18 (0.96-1.44) 1.04 (0.83-1.31) 1.15 (0.92-1.44) 1.02 (0.79-1.32) 1.23 (0.75-2.03) 1.02 (0.57-1.81) 

OI  1.31 (1.10-1.56) 1.20 (0.99-1.44) 1.20 (0.99-1.47) 1.12 (0.91-1.38) 1.80 (1.24-2.61) 1.56 (1.03-2.36) 

* Reference = natural conception      
** Adjusted for maternal age, educational level, parity, smoking, BW and multiplicity  
 

Similar results were seen for infantile autism, however with wider confidence intervals (data not shown). The 

risk of ASD for boys and girls did not differ statistically significant. Restricting analyses to infants who 

survived their first year showed similar results to the full cohort (data not shown). Dropping variables from the 

adjusted analyses one at a time showed that the increased risk in the crude analyses seemed to be 

explained by maternal age and parity but not by smoking, multiplicity, BW and educational level. The HRR in 

an adjusted analyses not including maternal age was 1.24 (1.06-1.44) and in an adjusted model without 

parity the HRR was1.28 (1.10-1.49).  
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For 9,855 IVF children we had information on a single underlying cause of infertility. The risk of ASD was 

highest for those children with a maternal infertility diagnosis of ovulation factor; however, estimates are 

imprecise due to the small sample sizes. (Table 4)  

 

Table 4. Crude hazard rate ratios and 95% confidence intervals for the association  
between ASD and IVF according to specific underlying cause of infertility. 
Percentages within categories.  

  ASD  

Underlying factor 
Numbers 
exposed 

Numbers 
exposed Crude HRR 

Natural conception 555,828 3.394 (0.61%) ref. 

Mixed or unspecific factors 5,136 39 (0.76%) 1.49 (1.08-2.04) 
Tubal factor 4,859 26 (0.54%) 0.86 (0.59-1.27) 
Ovulation factor 929 7 (0.75%) 1.63 (0.78-3.42) 
Male factor 4,019 23 (0.57%) 1.18 (0.79-1.78) 

 

 Information on specific hormonal medications used in assisted conception was available for 25,867 

children and in the analyses of the risk of ASD by different hormone exposure the association with ASD was 

strongest with medications containing FSH; and not clearly evident for other hormonal medications. (Table 5)  

 

Table 5. Hazard rate ratios and 95% confidence intervals for the association between ASD   
and assisted conception combined and divided into IVF and OI according to specific hormones* 
  

 
Assisted conception, 

all 
Assisted conception, 

boys 
Assisted conception, 

girls IVF, all OI, all  
Downregulation 0.82 (0.49-1.37) 0.79 (0.45-1.40) 0.93 (0.29-2.92) 0.57 (0.28-1.16) 1.09 (0.48-2.51) 

FSH 1.44 (1.16-1.80) 1.32 (1.02-1.70) 1.99 (1.23-3.18) 1.73 (1.10-2.71) 1.29 (0.89-1.89) 
hCG 1.28 (1.05-1.55) 1.16 (0.93-1.44) 1.85 (1.23-2.77) 1.37 (0.87-2.15) 1.17 (0.79-1.71) 
Clomiphene 1.14 (0.93-1.40) 1.02 (0.80-1.29) 1.75 (1.15-2.65) 1.34 (0.54-3.32) 0.82 (0.53-1.28)  

* Reference = natural conception, adjusted for maternal age, education, parity, smoking, BW and multiplicity 
** Data from the Danish Drug Prescription Register (DDPR) on specific medications used during IVF treatment available for all OI women and 
51% of IVF women 
 

Divided into specific treatment type, the FSH associations were observed only within IVF treatments. The 

risk was higher for girls than for boys across all hormones and statistically significant for FSH, hCG and 

clomiphene. We were able to assess FSH use in all OI treatments but only in 51% of the IVF treatments as 

we could not confirm the specific medications used through the DDPR for the remaining IVF treatments. 

Women who underwent IVF and had detailed medication data from DDPR were different from those women 

without DDPR data in that they were older, more often multipara, non-smokers, more highly educated, and 

more likely to have been treated at a private rather than public clinic. They were also more likely to have 

ovulation factor infertility, however, even with this increase, it is important to note that while the vast majority 

of women who underwent IVF and had detailed medication data from DDPR used FSH (85%), only a small 

minority (9%) had documentation of ovulation factor infertility. We were unable to assess both factors 

simultaneously because of limited sample size (only 58 cases had data on both single underlying cause of 

infertility and specific hormone treatment). 

      

Discussion 

Main Results  
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In this large population based cohort study we found no risk of ASD in children born after assisted 

conception, the adjusted HRR was 1.13 (95% CI 0.97-1.31).The increased risk for ASD observed in 

unadjusted analyses seemed to be explained by high maternal age and parity but did not seem to be 

explained by educational level, low BW, smoking or multiplicity. This is the largest population based study to 

date, including 33,139 children exposed to assisted conception and hence the first study also permitting 

assessment of different types of assisted conception separately. In the present study the prevalence of ASD 

was 6 per 1000 children, similar to reports from other studies with ASD prevalence of 4.7, 5.8 and 6-7 per 

1000. 35-37   

Sex, maternal age, parity and birth weight   

The risk from assisted conception tended to be higher in girls than in boys in all strata. Other studies suggest 

that the etiologic profile behind ASD in girls and in boys may be different. 38 Furthermore, since the a priori 

risk in boys is so much higher than the risk in girls it is possible that ASD in boys represents either a more 

heterogeneous mix of autism etiology subtypes or a mix of potential etiologies which could moderate an 

association of assisted conception with ASD.  

 The risk of autism or ASD is associated with advanced maternal age in some studies with adjusted 

analyses 2-5 but not in all. 6;7;20;21 In our adjusted analysis the risk of ASD from assisted conception was no 

longer statistically significant when controlling for maternal age (Table 3). Thus the increased risk of ASD in 

assisted conception seems to be partly explained by high maternal age.  

 There is also a higher risk of ASD in firstborn children in some studies 3-5 but not in others. 6;20;21 A 

recent meta-analysis find an increased risk in both first born and later born children (>=third). 39 In our 

analyses the risk of ASD from assisted conception did not remain statistically significant when we adjusted 

for parity, suggesting that the increased risk of ASD in the crude analyses is also partly explained by a large 

proportion of primipara mothers having assisted conception.  

 In assisted conception more children are born with low BW and in general the risk of ASD increases 

with decreasing BW in most studies, 3;6;20;21 however not in one smaller study by Glasson using mean BW. 5 

In our study low BW did not seem to explain the increased risk of ASD in assisted conception. This is in 

contrast to studies of cerebral palsy where the increased risk of cerebral palsy in children born after IVF is 

partly explained by multiplicity and PTD, factors leading to a high proportion of low BW children 31;40.  

Other studies 

Our results contradict previous studies finding a higher occurrence of ASD in children born after assisted 

conception. 23;24;26;28;29 One case-control study showed a protective association between a general notation 

of assisted conception on the birth record and infantile autism 30 The possibility of biased exposure 

ascertainment cannot be ruled out in the latter case-control study. 

Type of assisted conception  

There was a tendency of higher risk estimates in the OI group than in the IVF group, but the differences in 

risk between the two types of treatment were not statistically significant. However, this trend was consistent 

in both boys and girls with ASD and might be explained by competing risk factors in the IVF group, as this 

group is at higher risk for ASD a priori due to higher maternal age, more multiple pregnancies and more 
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primipara mothers (Table 1). However, the risk of ASD was not statistically significant in the adjusted 

analyses in either type of assisted conception.  

Hormonal exposure 

In adjusted analyses an increased risk of ASD from FSH exposure was seen, HRR 1.44 (95% CI 1.16-1.80), 

divided into sex the risk was statistically significant in both boys and girls, but divided into specific treatments 

the risk was only statistically significant in IVF. Hormonal disorders could link assisted conception with ASD 

as some underlying causes of infertility are hormone related and hormonal medications are used as part of 

infertility treatments. Further, various theories for associations between abnormal levels of sex hormones 

and ASD have been presented based on reports of elevated levels of fetal testosterone found in children 

with ASD, 10 women with ASD were found to have statistically significantly more Polycystic Ovary Syndrome, 

delayed puberty and irregular menstrual cycles in adulthood than controls 11 and children with ASD were 

found to have statistically significantly lower levels of serum follicle stimulating hormone and statistically 

significantly higher levels of serum total testosterone relative to normal reference ranges. 12 Our findings 

concerning the risk of ASD from specific hormone exposure in assisted conception should be interpreted 

with caution. In treatment regimes in assisted conception hormones are used in various combinations and 

hormone exposure groups are thus overlapping; we did not have data to assess specific medication dosages 

or protocols; we were able to assess FSH use in all OI treatments but only in 51% of the IVF treatments as 

we could not confirm the specific medications used through the DDPR for the remaining IVF treatments we 

could not assess medication use in the context of the underlying fertility condition being treated. Accordingly, 

it is unclear whether it is factors linked to use of FSH (underlying cause of infertility or other conditions), a 

teratogenic effect from FSH medication per se, the combined effect of exogenous FSH on the endogenous 

hormonal profile or some perhaps some yet unmeasured factor, underlying the association between FSH 

medications and ASD. The risk of ASD in different hormone regimes would best be assessed in a 

randomized controlled trial but this possibility is ruled out by the infrequency of ASD. Consequently, 

observational studies like this are the only alternative and our findings indicate the need for further, more 

specific investigations of possible associations between exposure to exogenous FSH and ASD.       

Strengths and limitations of the study  

Our sources of data were Danish national health registers. These registers are maintained for administrative 

or monitoring purposes and will therefore not always include specific details desirable for research. For an 

exposure to IVF we used the IVF Register and according to the Danish legislation, it is mandatory for all 

public and private fertility clinics in Denmark to report all initiated IVF and ICSI treatments, successful or not, 

to the IVF Register and the register is therefore considered close to complete. 33 For an exposure to OI we 

used the DDPR with data on all dispatched prescriptions for hormones used in OI. The main purpose of the 

DDPR is entirely administrative, that is to ensure that the prescription is not used twice and therefore it is 

expected that all dispatches are reported to the DDPR. However, it was not possible to establish the date the 

woman actually administered the medicine. Hormones used in OI can be prescribed for the next 3 cycles 

and consequently, we had to select a time-window of prescriptions within 3 months before LMP to define the 

use of OI in the index pregnancy. Therefore the hormones could have been administered 1 or 2 months 

earlier than the index pregnancy. Additionally we cannot be sure that the woman ever administered the 
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medicine she purchased and therefore the findings regarding OI have to be interpreted with caution. 

However, we have no reason to believe such exposure misclassification would be related to ASD; thus, to 

the extent that we erroneously included some NC children in the OI category, our results might actually be 

attenuated. The quality of autism diagnoses found in the DPCR has been validated by experts 41; after 

evaluating close to 500 medical records of children registered with infantile autism in the DPCR, 94% of the 

children met the criteria for a correct diagnosis.   

 As a number of children were followed for less than 6 years some children with ASD may not have 

been diagnosed before the end of follow up. Also, since the number and proportion of assisted conceptions 

increased over the study period, a disproportionate number of children born after assisted conception had a 

shorter follow up time than NC children. To deal with these aspects of the data we used Cox regression 

models in the statistical analysis which account for differences in follow-up time. 

Conclusion 

In conclusion, we found no increased risk of ASD in children born after assisted conception overall. 

However, in sub analyses we did find an increased risk in a subgroup of women who had OI treatment and 

were exposed to FSH. Additional studies with more detailed information on underlying causes of infertility 

and use of specific hormonal medications may help to pinpoint the underlying mechanism of this increased 

risk.  
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