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Familial confounding in the associations 
between maternal health and autism
 

Vahe Khachadourian    1, Elias Speleman Arildskov    2, Jakob Grove    2, 
Paul F. O’Reilly    3, Joseph D. Buxbaum    3,4, Abraham Reichenberg4,5, 
Sven Sandin    4,6, Lisa A. Croen    7, Diana Schendel8,9,10, Stefan Nygaard Hansen11 
& Magdalena Janecka    1,12 

Evidence suggests that maternal health in pregnancy is associated with 
autism in the offspring. However, most diagnoses in pregnant women have 
not been examined, and the role of familial confounding remains unknown. 
Our cohort included all children born in Denmark between 1998 and 
2015 (n = 1,131,899) and their parents. We fitted Cox proportional hazard 
regression models to estimate the likelihood of autism associated with 
each maternal prenatal ICD-10 diagnosis, accounting for disease chronicity 
and comorbidity, familial correlations and sociodemographic factors. We 
examined the evidence for familial confounding using discordant sibling and 
paternal negative control designs. Among the 1,131,899 individuals in our 
sample, 18,374 (1.6%) were diagnosed with autism by the end of follow-up. 
Across 236 maternal diagnoses we tested (prevalence ≥0.1%), 30 were 
significantly associated with autism after accounting for sociodemographic 
factors, disorder chronicity and comorbidity, and correction for multiple 
testing. This included obstetric, cardiometabolic and psychiatric disorders 
(for example, diabetes in pregnancy (hazard ratio (HR) 1.19, 95% confidence 
interval (CI) 1.08–1.31) and depression (HR 1.49, 95% CI 1.27–1.75)), previously 
shown to be associated with autism. Family-based analyses provided strong 
evidence for familial confounding in most of the observed associations. 
Our findings indicate pervasive associations between maternal health in 
pregnancy and offspring autism and underscore that these associations are 
largely attributable to familial confounding.

Autism is a developmental condition typically diagnosed in early child-
hood and characterized by differences in social communication and 
restrictive and repetitive behaviors. Due to its early neurodevelopmen-
tal origins and the gestational link between the mother and the fetus, 
research on nongenetic factors associated with autism has focused on 
perinatal exposures1. For brevity, throughout the article, we use ‘autism’ 
to refer to a diagnosis of autism spectrum disorder (ASD).

Epidemiological studies have demonstrated associations between 
autism in the child and several maternal conditions around the time of 
pregnancy, including depression2, diabetes3, immune system diseases4 

and infections5. However, multiple gaps in the knowledge remain; for 
example, pregnant women experience many other health problems, 
most of which have not been studied in relation to autism in the off-
spring and whose co-occurrence1,6,7 with each other during pregnancy 
has not been accounted for to date. Furthermore, even for the estab-
lished associations between certain maternal diagnoses and autism, 
causal interpretations remain challenging.

Maternal health conditions may be associated with autism in 
the offspring due to their direct effects on the fetus (for example, 
physiological changes related to disease, medication use). Such direct 
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Associations between maternal diagnoses and offspring autism
There were 1,613 and 1,702 distinct ICD-10 registry-reported level 3 
codes (diagnoses) in the mothers of cohort children during the 12 and 
48 months preceding childbirth, respectively. Based on the prevalence 
of autism in our sample and the frequency thresholds for the diagnosis 
to be included in the analyses (20 for chronic and 10 for nonchronic, 
in each individual with or without autism), we analyzed chronic and 
nonchronic maternal diagnoses with a prevalence of at least 0.1% and 
0.05%, respectively—amounting to 168 nonchronic and 68 chronic 
diagnoses (Extended Data Fig. 1; see Supplementary Tables 2 and 3 
for the number of exposed and unexposed children in the sample by 
ASD status). Among diagnoses meeting those thresholds in the pri-
mary analyses, further exclusions were made in the analyses stratified 
by offspring sex and ID status due to insufficient numbers of certain 
exposures in these strata.

After controlling for the study covariates, 37 of the 168 nonchronic 
maternal diagnoses were nominally significantly associated with 
autism (P < 0.05), 20 of which remained significant after adjusting for 
multiple testing (q < 0.05) (Fig. 1 and Supplementary Table 2). Similarly, 
32 of the 68 chronic maternal diagnoses were nominally significantly 
associated with offspring autism, and 22 remained significant after 
adjusting for multiple testing (q < 0.05) (Fig. 1 and Supplementary 
Table 3). In total, 42 maternal diagnoses were associated with autism 
after controlling for covariates and multiple testing adjustments. These 
included psychiatric conditions (for example, major depressive disor-
der (hazard ratio (HR) 2.06, 95% confidence interval (CI) 1.78–2.39)), 
obstetric disorders (for example, premature rupture of membranes 
(HR 1.13, 95% CI 1.05–1.21), false labor (HR 1.23, 95% CI 1.15–1.31)) and 
cardiometabolic conditions (for example, diabetes mellitus in preg-
nancy (HR 1.23, 95% CI 1.12–1.36), primary hypertension (HR 1.34, 95% 
CI 1.08–1.67)), as well as other diagnoses spanning most other diag-
nostic categories (fracture of the skull and facial bones (HR 1.98, 95% CI 
1.28–3.05), epilepsy and recurrent seizures (HR 1.38, 95% CI 1.16–1.64), 
breast cancer (HR 1.98, 95% CI 1.25–3.13)). The full overview of all 236 
associations following iterative adjustment for potential confounders 
is presented in Supplementary Tables 2 (nonchronic) and 3 (chronic).

In the multidiagnosis model adjusting for covariates and all 
42 maternal diagnoses that were statistically significant in the fully 
adjusted single-diagnosis models, 30 diagnoses remained statistically 
significantly associated with autism (15 chronic and 15 nonchronic con-
ditions; Fig. 2 and Supplementary Table 4). Notably, of the 12 diagnoses 
that were no longer significant after this comorbidity adjustment, half 
(6) were in the ICD-10 F (psychiatric) category. The full overview of all 
42 associations and the coefficients of the covariates are presented in 
Supplementary Table 4.

Results stratified by the child’s sex are presented in Extended 
Data Fig. 2 (throughout these analyses, we considered biological sex 
as reported in the registers). In all sex-specific analyses, the CIs around 
the male- and female-specific estimates overlapped, and we were not 
able to conclude sex-specific effects for any of the maternal diagno-
ses. Given the lower prevalence of autism among female individuals 
(0.8%), we were able to detect an HR of 1.5 with a power of 80% for 
diagnoses present in 1.1% of pregnancies and an HR of 2.0 for diag-
noses present in 0.4% of pregnancies (see the power calculations in  
Extended Data Fig. 2).

Stratifying the analyses by the child’s ID status, we observed that 
the associations between maternal diagnoses and autism were pre-
dominantly driven by associations with autism without ID (Extended 
Data Fig. 3), although we were not adequately powered to conclude 
significant differences in the estimates in those strata. The power 
analyses indicated that we had statistical power (80%) to uncover 
effects at an HR of 1.5 and 2.0 for diagnoses present in 1.6% and 0.6%, 
respectively, as indicated in Extended Data Fig. 3. The only maternal 
diagnosis significantly associated with autism both with and without 
ID was injury to an unspecified body region.

effects are compatible with the early neurodevelopmental origins 
of autism and are biologically plausible—multiple factors from the 
maternal circulation can pass through the placenta8, and the blood–
brain barrier develops gradually during gestation9. Nevertheless, 
these observational associations can also arise because of familial 
factors, both genetic (genetic variation shared by family members) 
and nongenetic (for example, family residence in polluted areas, 
socioeconomic status). Evidence for potential genetic confounding 
in the associations between maternal health and offspring autism 
comes from the established genetic overlap between autism and other 
conditions (both psychiatric and somatic10), documented through a 
higher prevalence of those disorders in relatives of individuals with 
autism11 and genotype data from unrelated individuals10. Importantly, 
such genetic confounding can arise from the transmission of mater-
nal alleles to the child and the indirect genetic effects of maternal 
genotype on the in utero environment12. Attributing the observational 
associations to either direct effects of the disease on the fetus or famil-
ial confounding is critical to understanding the causes of autism and 
informing the public about the true role of maternal health factors in 
autism etiology.

Various study designs can help elucidate the role of familial con-
founding in observational evidence. Sibling designs can control for 
family-level and sibling-invariant confounders without the need to 
explicitly define or measure them13. Additionally, the use of negative 
controls (for example, paternal exposures during pregnancy) can iden-
tify unmeasured familial confounding linked to maternal exposures 
and other types of biases14. Complementing standard observational 
studies with the use of these specialized study designs is critical to 
providing insights into the mechanisms underlying autism etiology 
and discerning the degree to which the identified factors represent 
noncausal associations.

Here, we leveraged a large, population-based cohort from Den-
mark with extensive health information and family linkage recorded 
through national registers. We used this resource to assess in a compre-
hensive manner the associations between maternal diagnoses around 
pregnancy and offspring autism, with adjustments for a broad range 
of demographic and socioeconomic factors. We accounted for the 
comorbidity and chronicity of maternal conditions and explored their 
associations with autism according to the offspring’s sex and intellec-
tual disability (ID) status. Finally, we complemented our cohort study 
with designs aimed at assessing the impact of unmeasured familial con-
founding on the observed associations and performed extensive sen-
sitivity analyses to assess the robustness of our conclusions. Together, 
our results provide a comprehensive atlas of the associations between 
the full breadth of maternal ICD-10 (International Classification of 
Diseases, tenth revision) diagnoses and offspring autism and systemati-
cally reveal the potential mechanisms underlying these associations.

Results
The study sample included 1,131,899 children born (to 648,901 moth-
ers) in Denmark between 1998 and 2015, of whom 1,074,756 (95%) 
had full covariate data (see Table 1 for the missingness percentage 
of each covariate). A total of 18,374 (1.6%) children received an ASD 
diagnosis during the study follow-up period. The median duration 
of follow-up was 9.7 years (interquartile range (IQR) 5.3–14.3 years). 
The median age at the first ASD diagnosis was 8.3 years (IQR 5.4–11.8 
years) in the full sample and 5.6 years (IQR 4.2–6.8 years) in the subset 
of children under 8 years old with full follow-up data (consistent 
with methods reported in surveillance studies15–17). Over the cohort 
years, the age at diagnosis decreased, reflecting both the temporal 
trends toward an earlier diagnosis16,18,19 and the shorter follow-up 
durations available for children born later in the cohort years (see 
Supplementary Table 1 for age at diagnosis by birth year). Table 1 
presents the sample characteristics and rate of covariate missingness 
by ASD diagnosis status.
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Table 1 | Demographic characteristics of the analytical sample (mother–child dyads)

Variables Diagnosed with autism (n = 18,374) No autism diagnosis (n = 1,113,525) Total (n = 1,131,899)

Maternal age (years) at delivery, mean (s.d.) 30.3 (5.1) 30.6 (4.9) 30.6 (4.9)

Child’s sex, n (%)

 Female 4,509 (24.5%) 546,916 (49.1%) 551,425 (48.7%)

 Male 13,865 (75.5%) 566,609 (50.9%) 580,474 (51.3%)

Child’s year of birth, n (%)

 1998 1,750 (9.5%) 64,381 (5.8%) 66,131 (5.8%)

 1999 1,875 (10.2%) 64,365 (5.8%) 66,240 (5.9%)

 2000 1,936 (10.5%) 65,175 (5.9%) 67,111 (5.9%)

 2001 1,754 (9.5%) 63,695 (5.7%) 65,449 (5.8%)

 2002 1,631 (8.9%) 62,484 (5.6%) 64,115 (5.7%)

 2003 1,526 (8.3%) 63,133 (5.7%) 64,659 (5.7%)

 2004 1,333 (7.3%) 63,358 (5.7%) 64,691 (5.7%)

 2005 1,237 (6.7%) 63,123 (5.7%) 64,360 (5.7%)

 2006 1,147 (6.2%) 63,891 (5.7%) 65,038 (5.7%)

 2007 1,010 (5.5%) 63,200 (5.7%) 64,210 (5.7%)

 2008 838 (4.6%) 64,248 (5.8%) 65,086 (5.8%)

 2009 732 (4.0%) 62,203 (5.6%) 62,935 (5.6%)

 2010 648 (3.5%) 62,879 (5.6%) 63,527 (5.6%)

 2011 460 (2.5%) 58,662 (5.3%) 59,122 (5.2%)

 2012 289 (1.6%) 57,762 (5.2%) 58,051 (5.1%)

 2013 142 (0.8%) 55,814 (5.0%) 55,956 (4.9%)

 2014 53 (0.3%) 56,874 (5.1%) 56,927 (5.0%)

 2015 13 (0.1%) 58,278 (5.2%) 58,291 (5.1%)

Maternal income in DKK the year before delivery, mean (s.d.) 203,452 (110,107) 235,762 (214,650) 235,237 (213,400)

 Missing, n (%) 103 (0.6%) 7,844 (0.7%) 7,947 (0.7%)

Paternal income in DKK the year before delivery, mean (s.d.) 276,857 (196,233) 316,626 (350731) 315,980 (348,806)

 Missing, n (%) 341 (1.9%) 20,864 (1.9%) 21,205 (1.9%)

Maternal education the year before delivery, n (%)

 Primary or lower secondary level 4,828 (26.3%) 211,468 (19.0%) 216,296 (19.1%)

 Upper secondary level and secondary vocational education 7,844 (42.7%) 447,248 (40.2%) 455,092 (40.2%)

 Short-cycle tertiary, bachelor or equivalent 3,865 (21.0%) 292,433 (26.3%) 296,298 (26.2%)

 Master, doctoral or equivalent 1,217 (6.6%) 106,567 (9.6%) 107,784 (9.5%)

 Missing, n (%) 620 (3.4%) 55,809 (5.0%) 56,429 (5.0%)

Paternal education the year before delivery, n (%)

 Primary or lower secondary level 4,828 (26.3%) 211,468 (19.0%) 216,296 (19.1%)

 Upper secondary level and secondary vocational education 7,844 (42.7%) 447,248 (40.2%) 455,092 (40.2%)

 Short-cycle tertiary, bachelor or equivalent 3,865 (21.0%) 292,433 (26.3%) 296,298 (26.2%)

 Master, doctoral or equivalent 1,217 (6.6%) 106,567 (9.6%) 107,784 (9.5%)

 Missing, n (%) 620 (3.4%) 55,809 (5.0%) 56,429 (5.0%)

Number of days of maternal healthcare visits the year leading up to delivery, n (%)

 0 270 (1.5%) 14,837 (1.3%) 15,107 (1.3%)

 1–3 13,189 (71.8%) 844,594 (75.8%) 857,783 (75.8%)

 4–9 4,639 (25.2%) 241,813 (21.7%) 246,452 (21.8%)

 10+ 276 (1.5%) 12,281 (1.1%) 12,557 (1.1%)

Child’s parity, n (%)

 1 9,477 (51.6%) 507,963 (45.6%) 517,440 (45.7%)

 2–3 8,217 (44.7%) 558,945 (50.2%) 567,162 (50.1%)

 4–5 634 (3.5%) 42,871 (3.9%) 43,505 (3.8%)

http://www.nature.com/naturemedicine


Nature Medicine | Volume 31 | March 2025 | 996–1007 999

Article https://doi.org/10.1038/s41591-024-03479-5

The sensitivity analyses demonstrated that our results were robust 
to our analytical decisions, including the definition of healthcare 
utilization (Supplementary Tables 5 and 6: models 1–3); restricting 
the sample to children born by the end of 2009 (that is, with at least 
8 years of follow-up data; Supplementary Tables 5 and 6: model 4); 
varying the length of the exposure period (Supplementary Table 7: 
models 5 and 6); requiring the presence of two diagnoses to ascertain 
exposure (Supplementary Table 7: model 7); adjusting for paternal 
income (Supplementary Table 8: model S8), parity and multiplicity 
(Supplementary Table 9: models S9–S11); and excluding mothers 
with an autism diagnosis (Supplementary Table 9: model S12). The 
key differences between the main and sensitivity analyses included 
the impact of not adjusting for healthcare utilization, which resulted 
in many more significant associations (Supplementary Tables 5 and 6: 
model 3); diagnoses that were significant when not accounting for this 
variable were enriched for nonspecific conditions (‘other’, ‘unspeci-
fied’ and ‘not elsewhere classified’ disorders) or mild conditions (for 
example, purpura, cystitis, gastroesophageal reflux disease), as well 
as symptoms (ICD R codes). Moreover, despite the overall close align-
ment between regression coefficients in models with different lengths 
of exposure windows, four diagnoses were significant only in models 
with a longer (72 months) exposure period (migraine, other headache 

syndromes, osteoarthritis of the knee, paroxysmal tachycardia; Sup-
plementary Table 7: model 6S).

Evidence for familial confounding in the associations between 
maternal health and autism
Sibling analysis. The sample in the sibling analysis consisted of 851,570 
children (the total number of cohort children with a sibling in the 
cohort). Of the total of 18,374 children with autism in the sample, 12,138 
(66%) were from families with siblings discordant for autism status (see 
Supplementary Table 10 for the covariate distribution in this subset 
of families). Among those, different numbers of sibling pairs were 
discordant for both maternal diagnosis and autism status, ranging 
from 12 to 6,319 pairs for different diagnoses (mean of 749 discordant 
pairs; Supplementary Table 11).

In the sibling models, we observed a widespread attenuation of 
the point estimates associated with maternal diagnosis and widening 
of the CIs, resulting in the loss of statistical significance in most asso-
ciations (Fig. 3 and Supplementary Table 11). The median change in 
the point estimates in the sibling models for nonchronic and chronic 
diagnoses was, respectively, 38% and 71% overall and 51% and 71% 
when we considered only the associations for which the effects moved 
closer to the null in the sibling model (Supplementary Table 11). 
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Fig. 1 | Associations between ICD-10 level 3 maternal diagnoses and offspring 
autism in fully adjusted single-diagnosis models. Point estimates of each 
association derived from the two-sided Cox proportional hazard model for each 
diagnosis are illustrated on the x axis, with their P value (−log10(P)) on the y axis. 
Dots representing each statistically significant association are colored according 
to the ICD-10 category of the respective diagnosis; nonsignificant associations 

after correction for multiple testing are shown in gray. The horizontal dashed 
line represents the P-value cutoff for nominal significance (P = 0.05). The 
nonannotated plot on the right presents the same data for a clearer visualization 
of the coefficient distribution. MDD, major depressive disorder; inv., 
involvement; OCD, obsessive–compulsive disorder.

Table 1 (continued) | Demographic characteristics of the analytical sample (mother–child dyads)

Variables Diagnosed with autism (n = 18,374) No autism diagnosis (n = 1,113,525) Total (n = 1,131,899)

 6+ 46 (0.3%) 3,746 (0.3%) 3,792 (0.3%)

Child has ID, n (%)

 No 15,578 (84.8%) 1,108,855 (99.6%) 1,124,433 (99.3%)

 Yes 2,796 (15.2%) 4,670 (0.4%) 7,466 (0.7%)

Mother has at least two children in the cohort, n (%)

 No 5,229 (28.5%) 275,100 (24.7%) 280,329 (24.8%)

 Yes 13,145 (71.5%) 838,425 (75.3%) 851,570 (75.2%)

Biological sex, as documented in the registers, is reported. DKK, Danish krone.
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Results from sibling analysis restricting the sample to male children 
only were consistent with the results of the main sibling analysis 
(Supplementary Table 11). However, despite the large sample size, 

we had low power for some of the diagnoses in the sibling analyses, 
which resulted in wide CIs, limiting the certainty of the conclusions 
for some of the diagnoses.
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Fig. 2 | Associations between ICD-10 level 3 maternal diagnoses and offspring 
autism in fully adjusted single-diagnosis models and the multidiagnosis 
model. Point estimates are HRs adjusted for maternal age at childbirth, 
child’s sex and year of birth, maternal income and education, and maternal 
healthcare utilization in the 12 months preceding childbirth. Estimates from 

the multidiagnosis model, in addition to the covariates above, are concurrently 
adjusted for all significant diagnoses (nonchronic and chronic) in fully adjusted 
single-diagnosis models (presented in this figure). The error bars represent 
95% CIs calculated using point estimates and robust standard errors from the 
respective regression model.
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autism from reference models (single-diagnosis models in the sibling 
sample) and sibling analysis (stratified by family identification number). 
Point estimates for each diagnosis are HRs from a model adjusted for maternal 
age at childbirth, child’s sex and year of birth, maternal income and education, 
and maternal healthcare utilization in the 12 months preceding childbirth. All 
analyses presented in this figure were restricted to individuals with at least one 
sibling in the sample (851,570 of the 1,131,899 mother–child dyads in the full 

birth cohort). The potential differences between the results from the single-
diagnosis analysis in the subsample of siblings only and the full sample are likely 
attributable to the potential differences in sample composition and sample 
size. Due to the extremely low number of sibling pairs discordant for maternal 
schizophrenia status and autism (19 pairs), the point estimate from the sibling 
analysis is out of bounds (HR 0.34, 95% CI 0.06–1.93). The error bars represent 
95% CIs calculated using point estimates and robust standard errors from the 
respective regression model.
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Paternal analysis. Most of the associations between paternal diag-
noses and offspring autism were similar to the associations observed 
between the corresponding maternal diagnoses and offspring autism 
(Supplementary Table 12), except for injuries, joint conditions and 
asthma (Fig. 4). Adjustment for paternal diagnosis resulted in subtle 
lowering of the point estimates associated with maternal exposure 
(Supplementary Table 11); however, these differences were not statisti-
cally significant.

Figure 5 summarizes the results of comorbidity, sibling and pater-
nal analyses and provides a higher-level summary of the impact of 
comorbidity adjustment in the multidiagnosis model and familial 
confounding in estimated effects.

Discussion
In this population-based study of more than 1.1 million pregnancies, 
we evaluated the associations between a range of maternal diagnoses 
and autism in the offspring. Using national registry data from Den-
mark, we have shown that among 236 maternal diagnoses affecting 
all body systems, 30 were associated with autism in the offspring after 
adjusting for comorbidity and socioeconomic and demographic covari-
ates and accounting for disorder chronicity and familial correlations. 
These results remained robust in a series of sensitivity analyses, with 
no evidence that any of the associations differed by the child’s sex. 
Extensive investigation of familial confounding revealed that most of 
the observational associations are attributable to family-level factors, 
challenging the idea that those maternal diagnoses have direct causal 
effects on autism.

Results from family-based analyses in our study suggest substan-
tial familial confounding in the observational associations between 

maternal health and child autism. With a few exceptions (discussed 
below), the diagnoses analyzed in the sibling comparison were not 
associated with autism within families, and the point estimates in 
those analyses were frequently attenuated compared to the model 
in the sibling sample that did not account for familial relationships. 
For diagnoses for which we observed such attenuation in the sibling 
models, the median change was 51% for maternal nonchronic condi-
tions and 71% for chronic conditions. Therefore, these results suggest 
confounding by family-level shared factors that were uncontrolled 
in the cohort analyses not accounting for familial relationships. For 
instance, a reduction in the point estimates by ~50%, observed for, 
for example, premature rupture of membranes or false labor, could 
indicate confounding of the association between maternal diagnosis 
and autism by shared genetic factors—which, on average, overlap by 
50% between siblings. The presence of such genetic confounding is 
supported by numerous molecular studies indicating that the genetic 
variants contributing to autism are also implicated in other traits and 
disorders10,20–25 and by family-based approaches demonstrating that 
autism and these other conditions cluster in families26,27. Diagnoses 
associated with a larger extent of point estimate attenuation in sibling 
analyses included, for example, multiple gestation and obesity—and 
these effects are consistent with confounding by shared familial fac-
tors that fully overlap between siblings reared together (for example, 
area pollution, in utero environment)28,29. Nevertheless, as discussed 
by Frisell30, the reduction in point estimates could also be caused by 
random measurement errors, which disproportionately affect sibling 
versus cohort analyses due to the former’s reliance on discordance 
for exposure and outcome. While the excellent validity of diagnostic 
data in the Danish registers reduces such error—that is, the likelihood 
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that pairs labeled as discordant are, in fact, concordant—it could still 
affect the comparison between cohort and sibling analyses. This would 
have the largest potential impact on the chronic conditions, in which 
misclassification is most likely due to difficulties in the ascertainment 
of disease onset and remission using registry data and for which we 
observed the fewest pairs of siblings discordant on both exposure and 
outcome; therefore, we urge caution in interpreting those effects for 
the chronic conditions in our and other studies (however, we also note 
that for those diagnoses, an orthogonal paternal analysis provides sup-
porting evidence for the presence of familial confounding).

For a few associations, the loss of significance in sibling analy-
ses arose due to the widening of the CIs rather than changes in the 
point estimates attributable to the additional control for familial 
factors; for those diagnoses (for example, diabetes in pregnancy), 

the evidence of familial confounding is less clear. For certain other 
diagnoses, the point estimates also moved further away rather than 
closer to the null in the sibling models (for example, labor and delivery 
complicated by abnormality of fetal acid–base balance). Many of the 
diagnoses associated with the least change in the point estimates in 
the sibling models and those associated with a change away from the 
null included conditions diagnosable in the mother but pertaining 
largely to the fetus (labor and delivery complicated by abnormal-
ity of fetal acid–base balance, maternal care for other fetal prob-
lems, maternal care for fetal abnormality and damage). While these 
conditions could be early manifestations of autism, rather than its 
etiological factors, such possibility—along with potential etiologic 
contributions of, for example, gestational diabetes—remains to be 
investigated.
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as ‘NA’. The interpretation of the tile color changes by analysis type or column. 
In the multidiagnosis model, red and light blue tiles indicate diagnoses whose 
association with autism was reduced after concurrent adjustment for comorbid 
conditions, suggesting diagnoses whose original association with autism is 
most likely to have arisen due to comorbidity with other diagnoses. In sibling 
analysis, red tiles indicate diagnoses whose point estimate shows a relative 
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suggesting familial confounding (that is, (HRsib − 1)/(HRref − 1) < 0.6 or (HRsib − 1)/
(HRref − 1) > 1.4); yellow tiles indicate diagnoses that may be associated with 
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effects (the loss of significance was due to widening of the CIs, with little change 
in the point estimate; for example, injuries of the eye and an unspecified body 
region, diabetes in pregnancy). In paternal analysis, red tiles indicate diagnoses 
associated with autism in the mother, but not in the father, suggesting a lack of 
evidence for familial confounding (consistent with either direct effects of those 
conditions on the fetus or indirect genetic effects; for example, injury codes, 
disorders of the patella and asthma); dark and light blue tiles suggest evidence 
for familial confounding (without and with evidence for additional contributions 
of a maternal effect, respectively; for example, direct effects on the fetus and/or 
indirect genetic effects). Reference models for sibling analysis and the paternal 
model are provided in Supplementary Tables 11 (model 5) and 12 (model 5), 
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Consistent with attenuation of the point estimates in the sibling 
analyses, most of the diagnoses that can be made in cis fathers were 
associated with similar risk estimates irrespective of the parent of 
origin; as paternal diagnoses have limited direct effects on the fetus 
during pregnancy, this pattern of results is consistent with confound-
ing by familial factors, in line with the observations in the sibling com-
parison models. While the inclusion of paternal diagnoses led to a 
subtle attenuation of the point estimates associated with maternal 
exposure, these decreases were small and their interpretation is com-
plicated by diverse sources of familial confounding and the potential 
impact of assortative mating31,32. Such a decrease would be expected 
in situations in which parental diagnoses represent the same familial 
risk factor (for example, area pollution)33,34; instead, our results are 
consistent with these diagnoses being proxies for genetic liabilities—
mostly independent at the parental level but shared at the child level. 
Nevertheless, we cannot discount the possibility of different sources 
of confounding for maternal and paternal conditions or the pres-
ence of a parentally shared confounder whose effects are masked by 
statistical fluctuation. As a parental negative control approach relies 
on the assumption that the sources of confounding between paternal 
exposures and outcome overlap with those on the maternal side (that 
is, there are no paternal-specific sources of confounding), the utility 
of this approach is limited by the extent to which this assumption 
holds35. Additionally, the inclusion of paternal exposure as a nega-
tive control in transgenerational studies remains a topic of scientific 
discussion36,37 due to the potential effects of paternal exposures on the 
sperm and the knock-on effect of these germline changes on offspring 
development38,39. However, while epigenetic changes in the sperm have 
been observed in association with certain paternal conditions occur-
ring before conception40,41, there is currently no evidence that such 
effects can persist through two rounds of epigenetic reprogramming in 
humans occurring after fertilization42; such evidence (or validation of 
the opposite) will be critical for future reconsideration of the paternal 
negative control approach.

The few maternal diagnoses with no evidence for paternal effects 
included injury, joint conditions (patella disorder) and asthma, provid-
ing preliminary evidence that those diagnoses could be associated 
with autism either due to their direct effects on the fetus (including, 
for example, effects of medications taken for these conditions) or 
indirect genetic influences with (pleiotropic) effects on both maternal 
diagnosis and the in utero environment43,44. Further research incorpo-
rating broader family pedigrees and genotype data will be needed to 
distinguish between these mechanisms.

As in previous studies, complications of pregnancy45 represented 
one of the strongest perinatal factors for autism in our sample. As 
discussed above, most of these diagnoses did not remain significantly 
associated with autism when comparing sibling pairs discordant for 
exposure (that is, siblings born to the same mother, after pregnancies 
with and without those complications), and the point estimates were 
substantially attenuated in sibling analyses—suggesting the lack of 
direct causal effects of those pregnancy complications on autism. The 
obstetric complications for which we did not observe such attenuation 
include gestational diabetes and postpartum hemorrhage; as we noted 
above, for those, the presence of familial confounding is less clear.

Likewise, psychiatric and neurological diagnoses, linked to off-
spring autism in previous studies1,46, were associated with an increased 
likelihood of autism when recorded in either the mother or father, 
and their estimates were substantially attenuated within families—
again, indicating familial confounding. The estimates associated with 
some of the psychiatric diagnoses (for example, personality disorder, 
anxiety disorders) were higher when the diagnosis was recorded in the 
mother rather than in the father; although those differences were not 
statistically significant, we cannot fully discount a potential additional 
contribution of indirect genetic and/or direct causal effects to the 
observed associations (including through the effects of medications). 

Importantly, these familial and nonfamilial mechanisms are not mutu-
ally exclusive, highlighting the complex architecture of the risk of 
neurodevelopmental conditions.

Discerning the extent to which the observational associations 
between perinatal factors and neurodevelopment are driven by con-
founding familial factors is critical from the perspective of multiple 
stakeholders, including pregnant women and their healthcare provid-
ers, who should receive reliable information regarding the safety of 
different exposures in pregnancy; families and caregivers of individuals 
with autism, who deserve clarity on the role of modifiable perinatal 
factors in autism etiology; and the research community. While our 
results diminish the possibility of direct causal contributions of many 
of these maternal diagnoses to autism and implicate the contributions 
of underlying familial factors, these findings still offer important etio-
logical insights. ‘Familial confounding’ should not be conflated with 
‘irrelevant’. Instead, a more granular understanding of the nature of this 
confounding—including what familial factors, genetic and nongenetic, 
are confounding the observational associations and how they influ-
ence neurodevelopment—will be critical for a fuller understanding of 
autism etiology.

Our study offers a comprehensive assessment of the associa-
tions between autism and a wide range of maternal diagnoses around 
pregnancy. The systematic nature of our analysis and ascertainment 
of all maternal diagnoses with sufficient prevalence for robust effect 
estimation (~0.1% of pregnant women) enabled a direct comparison of 
the strength of the estimated associations and allowed us to account 
for the co-occurrence of these conditions. Additional strengths of 
this study include the classification of diagnoses into the chronic 
and nonchronic categories, the accounting for familial confounding 
in the sibling and paternal analyses, and the availability of extensive 
demographic, socioeconomic and medical data, which enabled us 
to implement careful covariate control and extensive sensitivity 
analyses.

This study also has several limitations. First, we did not account 
for potential confounding by maternal medication use, which could 
occur if a diagnosis arises due to medication (for example, as its side 
effect) and the same medication is also associated with autism in the 
offspring. Second, we did not have information about several sociode-
mographic factors, which limited our ability to control for the potential 
effects of these characteristics (for example, ethnicity, immigration 
status). Next, our ascertainment of chronic maternal diagnoses was 
limited to 48 months before childbirth, which, in a birth cohort start-
ing in 1998, is the longest period for which maternal diagnostic codes 
in Denmark were available fully in the ICD-10 system. While extending 
this exposure period in truncated datasets had minimal impact on our 
findings, and the effect sizes associated with a number of conditions 
were closely aligned in our and other studies—including, for example, 
depression47–49, obesity50,51 and gestational diabetes52,53—the associa-
tions between four maternal diagnoses and autism were observable 
only for extended exposure periods. As the appropriate length of the 
exposure period for the ascertainment of chronic conditions is not 
clear, we cannot discount the possibility of a type II error and missing 
other associations due to our use of 48 months preceding birth as the 
exposure period. Next, our measure of healthcare utilization (total 
number of days of healthcare encounters) is likely a complex com-
posite of health needs, health awareness, healthcare access, health 
anxiety, socioeconomic status and urbanicity, among others. Given 
the profound effects of this measure on the effect sizes in this and 
other1,54 autism studies, further research is warranted to dissect these 
factors and their contribution to the associations reported in our study. 
While we observed that most of the associations that were no longer 
significant after including this covariate involved mild and nonspecific 
diagnoses, symptoms, and ‘superficial’ injuries, such adjustment could 
represent an overadjustment (although, in our analytical framework, 
the measure of healthcare utilization captured factors that could act 
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as confounders, these are analytically indistinguishable from media-
tors). Next, while there is currently no evidence for transgenerational 
epigenetic inheritance in humans, such potential effects cannot be 
discounted, which could affect the degree to which paternal expo-
sure can be used as a negative control. However, even in contexts in 
which paternal exposure constitutes an imperfect negative control, 
its utility has been demonstrated, at least when the negative control 
exposure exhibits a null association55. Next, for chronic conditions, 
the ascertainment of disease onset and remission using registry data is 
complicated; for those diagnoses, sibling concordance status was less 
reliable, potentially increasing random measurement errors. While we 
highlight this problem and urge caution in interpreting the results from 
the sibling design for chronic conditions, we present them for compari-
son to the existing literature (for example, refs. 56–58) and note that the 
results were consistent with those derived from the paternal analysis. 
Relatedly, the effect estimates derived from the sibling analyses have 
an inherently different interpretation from those in nonsibling mod-
els, warranting caution when comparing them directly; specifically, 
the parameters obtained from the stratified Cox regression model 
describe the effect on the full sibling group, not the individual-level 
causal effect59. Next, for chronic conditions, we could verify through 
sensitivity analyses that our results were not driven by administrative 
errors or misdiagnoses that could arise from ascertaining exposure 
through one record of maternal diagnosis. However, as nonchronic 
conditions could plausibly be diagnosed at a single encounter, we 
did not perform such sensitivity analyses for those; therefore, the 
possibility of misclassification of nonchronic conditions remains. 
While observing the same results in the main and sensitivity analyses 
of chronic conditions and the excellent validity of diagnostic data in 
the Danish registers render a major impact of such misclassification 
unlikely, it remains a potential limitation. Next, due to multiple test-
ing, the power analyses performed for the stratified analyses (by sex 
and ID status) might have underestimated the minimal prevalence of 
maternal diagnosis required; therefore, we urge caution in interpret-
ing the results from those analyses even when supported by our power 
calculations. Relatedly, the prevalence of ID in individuals with autism 
in our sample (15.2%) is lower than that reported elsewhere17, with a 
potential impact on the ID-stratified analyses. Lastly, the lack of primary 
care data outside of the pregnancy period limited the ascertainment of 
milder exposures not necessitating a specialist encounter.

In conclusion, the current study harnessed multiple analytical 
approaches to provide insights into the associations between maternal 
diagnoses during pregnancy and the risk of autism in the offspring. We 
identified new associations between maternal diagnoses and autism, 
replicated multiple previously established ones and found evidence 
supporting the role of familial confounding in many of these asso-
ciations. Our findings draw attention to the importance of maternal 
health around pregnancy and reinforce the notion that many of the 
observational associations between perinatal factors and offspring 
neurodevelopment are likely noncausal in nature. There is a need to 
validate these conclusions in external datasets and investigate the 
role of different familial confounders—including both genetic and 
nongenetic factors—in driving these associations.
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Methods
Study design and population
The source population for this cohort study comprised all children 
born in Denmark between January 1, 1998, and December 31, 2015, 
and their parents identified in the Danish Medical Birth Registry, when 
possible, or otherwise in the Danish Central Population Register60–62. 
All individuals were followed up through December 2016. Access to 
the data was approved by the Danish Scientific Ethical Committee 
system, as well as all relevant register authorities, including the Dan-
ish Data Protection Agency, Statistics Denmark and the Danish Health 
Data Authority.

Outcome
Individuals with autism were ascertained based on the diagnosis of 
ASD (ICD-10: F84.0, F84.1, F84.5, F84.8 or F84.9; in the absence of 
F84.2 and F84.3), obtained through linkage with the Danish Psychiatric 
Central Research Register61 and Danish National Patient Register60. In 
Denmark, general practitioners or school psychologists refer children 
with suspected ASD to a child and adolescent psychiatric department, 
where they undergo a multidisciplinary evaluation. All ASD diagnoses 
reported to the national registries are determined by child and ado-
lescent psychiatrists and have been reported according to the ICD-10 
system since 1994; diagnoses from both inpatient and outpatient con-
tacts, as well as the emergency department, have been reported to the 
Danish Psychiatric Central Research Register since 1995. The validity of 
the autism disorder diagnosis (ICD-10 F84.0, childhood autism) in the 
Danish registers has been confirmed63. All children in the sample were 
followed from birth until the first diagnosis of ASD, emigration, death 
or the end of follow-up (December 31, 2016), whichever occurred first63.

Exposure
All reported maternal diagnoses occurring during the exposure detec-
tion window (see below) and coded using the ICD-10 served as the 
exposures. Maternal diagnoses were ascertained through linkage with 
the Danish Psychiatric Central Research Register (diagnoses of mental 
disorders) and Danish National Patient Register (diagnoses of nonmen-
tal conditions), which have relied on the ICD-10 classification since 1994. 
The Danish national health registers comprise diagnoses reported by 
specialists following outpatient or inpatient contacts in public clin-
ics and hospitals; diagnoses made by a general practitioner are not 
reported to the registries. During pregnancy, midwives or medical 
doctors report information from prenatal visits. Diagnoses reported 
to the registry include codes relevant to the current appointment, 
including both new and preexisting diagnoses but not past diagnoses 
not pertinent to the current encounter. The validity of the registry-based 
diagnoses for research has been confirmed for a host of conditions64,65, 
and all diagnoses used to assess the Charlson comorbidity index 
were found to have an excellent (>98%) positive predictive value and  
low levels of ICD coding errors compared to the discharge notes66.

The hierarchical organization of diagnostic codes in ICD-10 has 
four levels, presenting information from the least (level 1) to the most 
(level 4) specific. The current analyses were based on level 3 diagnostic 
codes (hereafter referred to as ‘diagnoses’ for brevity; for example, F33 
for major depressive disorder). We used the Chronic Condition Indica-
tor developed by the Agency for Healthcare Research and Quality67 to 
assign the diagnoses into the chronic and nonchronic categories. Any 
level 3 diagnostic category that included both chronic and nonchronic 
subdiagnoses at level 4 was assessed and classified on a case-by-case 
basis by clinical experts in the team. All exposure variables were binary 
indicators of the presence or absence of a given diagnosis in the expo-
sure window.

Exposure window and ascertainment. For nonchronic diagnoses, 
the exposure window comprised the 12 months preceding childbirth. 
Assuming a full-term pregnancy, this period captured the pregnancy 

duration and the 3 months preceding conception. A detection period 
before pregnancy was set to capture diagnoses occurring shortly 
before conception, whose residual effects may still influence fetal 
development. Diagnoses occurring in fewer than ten mothers of chil-
dren with and/or without autism were excluded from the analyses to 
minimize the risk of sparse data bias68.

For chronic diagnoses, the exposure window was defined as the 
48 months preceding childbirth, allowing consistent ascertainment 
of ICD-10 diagnoses for the 1998–2015 birth cohort (the transition 
from ICD-8 to ICD-10 in Denmark occurred in 1993) while maximizing 
the exposure period. This definition of exposure window was dictated 
by the assumption that chronic diagnoses are permanent following 
their onset, the timing of which cannot be precisely determined using 
registry-based data. Therefore, a wider detection window increases 
the sensitivity in capturing chronic maternal diagnoses that may not 
have been entered into the registry around pregnancy (for example, 
well-managed conditions that do not require frequent medical atten-
tion) but may still affect the fetus. Diagnoses occurring in <20 mothers 
of children with and/or without autism were excluded from the analyses 
(note that, due to the broader exposure window, the threshold is higher 
compared to nonchronic diagnoses).

Covariates
The study covariates included the child’s sex and year of birth, maternal 
age at childbirth, the total number of days of healthcare encounters 
during the 12 months preceding childbirth, and maternal education 
and income a year before delivery. Birth year was included to account 
for the varying incidence of autism and maternal diagnoses over time69; 
maternal age was included to account for its association with offspring 
autism70,71 and various maternal medical conditions72; the total num-
ber of days of recorded healthcare encounters during the 12 months 
preceding childbirth (outpatient or inpatient contacts in public clin-
ics and hospitals) was a proxy composite measure for health-seeking 
behaviors, healthcare utilization, healthcare access and maternal 
morbidity—all of which could influence the likelihood of both maternal 
(exposure) and child (outcome) diagnoses. Maternal education and 
income were included in the models to account for the potential effects 
of socioeconomic status on the likelihood of both maternal diagnoses 
and offspring autism diagnosis73,74. Covariate information was obtained 
from the Danish Central Population Register, Danish Psychiatric Central 
Research Register61 and Danish National Patient Register60. Offspring ID 
(ICD-10 F70–F79) diagnosis and maternal ASD (ICD-8: 299.00, 299.01, 
299.03 or ICD-10: F84.0, F84.1, F84.5, F84.8 or F84.9; no ICD-10 F84.2 
or F84.3) diagnosis were used for stratified or sensitivity analyses.

Statistical analysis
The analyses comprised two phases. The first phase systematically 
tested the associations between each maternal diagnosis and autism, 
including covariate adjustments and several stratified and sensitivity 
analyses. In the second phase, we evaluated the impact of unmeasured 
familial factors on these associations.

Phase 1: associations between maternal diagnoses and offspring 
autism. We evaluated the associations between each maternal diagno-
sis and autism in the offspring using Cox proportional hazard models 
implemented in the R software ‘survival’ package75, adjusting for the 
study covariates. Clustering sandwich estimators were used to account 
for within-family correlations due to the presence of siblings in the 
dataset.

First, each maternal diagnosis was tested separately for its associa-
tion with autism, adjusting for covariates. To account for a multitude 
of tests being performed (equal to the number of distinct maternal 
diagnoses), we applied false discovery rate (FDR) correction76 for mul-
tiple testing on empirical P values. The permissible FDR (q value) was 
set at 0.05. Second, we adjusted for possible comorbidity between 
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different maternal diagnoses as follows: all chronic and nonchronic 
diagnoses with a statistically significant association with autism in 
the fully adjusted single-diagnosis models (FDR q < 0.05) were con-
currently included in a multidiagnosis model, in addition to the full 
set of covariates.

We ran additional models, stratifying by the child’s sex and a 
co-occurring diagnosis of ID. As this resulted in reduced sample sizes 
for analytical subgroups (for example, female individuals with autism, 
individuals with co-occurring ID), we conducted appropriate power 
analyses to establish the minimal prevalence of maternal diagnosis to 
conclude the presence or absence of stratum-specific effects.

Due to the minimal missingness of administrative data in the Dan-
ish registers, cases with missing covariate information were removed 
from the analyses.

Sensitivity analyses. We conducted a set of sensitivity analyses to evalu-
ate the impact of our analytical choices. To interrogate the robustness 
of the results to different definitions of healthcare utilization, we reana-
lyzed the data using different definitions of this covariate, including 
(1) the number of distinct diagnoses in the 12 months before childbirth 
and (2) the number of days of encounters with the healthcare system in 
the 48 months before childbirth, as well as (3) by omitting the covari-
ate from the analyses. To inspect the sensitivity of the results to the 
definition of the exposure and follow-up periods, we (4) reanalyzed 
the data in a subsample of children born by the end of 2009, ensuring 
>8 years of follow-up for all children; next, we restricted the sample 
to children with maternal health information in the ICD-10 system 
for at least 72 months before childbirth (as ICD-10 was introduced in 
Denmark in 1993, this included children born after 1999) and retested 
the associations for both (5) shorter (12 months) and (6) longer (72 
months) exposure periods to inspect the impact of varying exposure 
periods for the ascertainment of chronic conditions; (7) to exam-
ine the impact of exposure definition, we reanalyzed the association 
between maternal chronic disorders and autism, ascertaining only 
those conditions diagnosed on at least two distinct occasions within 
the exposure period (note that mothers with a single diagnosis and 
their children were excluded from this analysis). In the multidiagnosis 
model, to evaluate a broader measure of familial socioeconomic status, 
we (8) adjusted for paternal education and income. Furthermore, to 
account for potential parity and birth-order effects, we (9) adjusted for 
parity and (10) restricted the sample to first-born children and (11) to 
singletons only. Finally, to ensure that the observed associations did 
not arise because of the co-occurrence of maternal autism and other 
maternal conditions, we (12) limited the sample to children from moth-
ers without an ASD diagnosis.

Phase 2: impact of unmeasured familial confounding on asso-
ciations between maternal diagnoses and autism. We used two 
orthogonal approaches to elucidate familial confounding. First, we 
implemented a sibling design to contrast autism likelihood in sib-
lings discordant for maternal diagnosis status in the exposure period. 
Second, we used the negative control of paternal exposure design to 
compare the associations between offspring autism and both maternal 
and paternal diagnoses.

Discordant sibling analysis. To assess the effect of time-invariant shared 
familial confounders on the observed associations, we repeated the 
fully adjusted analysis treating maternal unique identification numbers 
as a stratification variable in the Cox regression models and restricting 
the sample to children with at least one maternal sibling in the cohort. 
To allow for a direct comparison of the sibling and main (phase 1) results 
despite the sample restriction, we repeated the phase 1 analyses in the 
subsample of children with at least one sibling. Additionally, in a sen-
sitivity analysis, we conducted sibling analyses restricting the sample 
to male children only to evaluate the potential impact of different 

recurrence risks77 based on the sex of the sibling with and without 
autism (due to the lower prevalence of autism in female individuals 
and the relatively few autism-discordant female-only sibling pairs, 
analogous analyses in female individuals are underpowered). As the 
sibling approach relies on accurate ascertainment of the timing of 
the exposure to determine exposed and unexposed sibling status, it 
may not provide a reliable inference for chronic diagnoses due to the 
difficulty in ascertaining the disease onset—a limitation in all sibling 
analyses examining chronic maternal conditions.

Negative control of paternal exposure. We repeated the fully adjusted 
analyses (phase 1), additionally including the same ICD-10 paternal 
diagnosis received during the same exposure period in the regression 
models. This enabled a direct comparison of the effects of maternal 
and paternal diagnoses on the likelihood of autism, providing poten-
tial insights regarding familial confounding. Concurrent adjustment 
for maternal diagnoses in paternal analyses minimizes the potential 
inflation of paternal coefficients by factors related to maternal condi-
tion; such inflation could otherwise arise due to a correlation between 
parents, induced by, for example, assortative mating78. We analyzed 
the effects of both chronic and nonchronic diagnoses with statistically 
significant effects in the phase 1 analysis after controlling for multiple 
testing but excluded those not applicable to cis men.

All analyses were implemented in R software (version 4.1.3)79.

Inclusion and ethics
The research included local (Danish) researchers at all stages of the 
research process and is locally relevant. The roles and responsibilities 
in this project were agreed on ahead of the research. The study was 
approved by a local ethics review committee.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
The Danish Scientific Ethical Committee system, as well as all relevant 
register authorities, including the Danish Data Protection Agency, 
Statistics Denmark and the Danish Health Data Authority, approved 
access to the data under strict conditions regarding access and data 
export. Under these conditions, there are no provisions for exporting 
individual-level data, all or in part, to another institution in or outside 
of Denmark. The minimum datasets, including all summary statistics 
of the measures of associations used to draw the study conclusions, 
are presented in the supplementary material. The corresponding 
author will respond to any potential additional queries within 2 weeks 
of receiving the query.

Code availability
All analytical code is available via GitHub at https://github.com/v-k-lab/
mat.dx.asd.dk.
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Extended Data Fig. 1 | Flowchart of inclusion of maternal diagnosis around pregnancy in analyses. Flowchart of the number of maternal diagnoses included in  
the study.
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Extended Data Fig. 2 | See next page for caption.
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Extended Data Fig. 2 | Associations between ICD-10 level 3 maternal diagnoses 
and offspring autism for non-chronic and chronic diagnoses stratified by sex 
of the child. Point estimates are hazard ratios (HRs) adjusted for maternal age at 
birth, child’s year of birth, maternal income and education, and maternal health 
care encounter in the 12-month period preceding childbirth, and concurrently 

included all the diagnoses (non-chronic and chronic) in this figure. The error 
bars represent 95% confidence intervals, calculated using point estimates and 
robust standard errors from respective regression model. Prevalence of ICD-10 
diagnoses were estimated using the entire sample, without stratification by  
child sex.
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Extended Data Fig. 3 | See next page for caption.
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Extended Data Fig. 3 | Associations between ICD-10 level 3 maternal diagnoses 
and offspring autism for non-chronic and chronic diagnoses stratified 
by intellectual disability (ID) in the child. Point estimates are hazard ratios 
adjusted for maternal age at birth, child’s sex and year of birth, maternal income 
and education, and maternal health care encounter in the 12-month period 

preceding childbirth, and concurrently included all the diagnoses (non-chronic 
and chronic) in this figure. The error bars represent 95% confidence intervals, 
calculated using point estimates and robust standard errors from respective 
regression model. Prevalence of ICD-10 diagnoses were estimated using the 
entire sample, without stratification by child sex.
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