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Parental Age and the Risk of Autism Spectrum
Disorder in Oman
A case-control study
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ABSTRACT: Objectives: This study aimed at evaluating advanced parental age as a risk factor for autism spectrum
disorder (ASD) in an Omani cohort. Methods: This case-control study compared 278 ASD cases with 722 gender-
matched controls, retrieved from the electronic records of the Developmental Paediatric Clinic, Sultan Qaboos
University Hospital, Muscat, Oman, between January 2015 and June 2016. Results: Most ASD cases were male
(76.6%) and mostly diagnosed between 3—4 years of age, with more than 50% of the cases originating from Muscat
and Batinah governorates. Compared to controls, mothers from the case group had significantly higher educational
levels (post-secondary education versus high school/no formal education: odds ratio [OR] = 1.62, 95% confidence
interval [CI]: 1.197-2.192). In a multivariate logistic regression, the OR of maternal age as a risk for ASD increased
dramatically with advancing age category (using age <25 as reference, OR = 3.39, 6.12, 7.86 and 13.13 for age
categories 25—29, 30-34, 35-39 and 240 years, respectively). The ORs of advancing paternal age as a risk for ASD
were also statistically significant (using age <30 as reference, OR = 2.20, 2.36 and 3.12 for age categories 30—34,
35-39 and 40—44 years, respectively); however, there was a drop in the effect with paternal age >45 years (OR = 1.42;
95% CI: 0.64-3.15). Conclusion: Both maternal and paternal increased age were associated with a higher risk of
ASD; however, the association was more pronounced and more consistent with advanced maternal age compared
to paternal age.
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ADVANCES IN KNOWLEDGE

- This study tested the association between advancing parental age and autism spectrum disorder (ASD) in an Omani population
characterised by a younger marriage and conception age and a high proportion of consanguineous unions.

- Advanced maternal age was associated with a significantly increased risk of having a child with autism in a dose-response manner.

- A significant paternal age effect was also found but it was smaller than that for maternal age and was not significant anymore at age
>45 years, a finding that warrants further examination.

APPLICATION TO PATIENT CARE
- Consideration of the relationship between advanced parental age and risk of having a child with ASD can assist in counselling with
respect to pregnancy at an older age.

UTISM SPECTRUM DISORDER (ASD) IS A obesity, maternal gestational diabetes, caesarean

neurodevelopmental disorder with hallmark
features of deficits in social interaction
and social communication along with restricted,
repetitive patterns of behaviour, interests or activities.!
Globally, the prevalence of ASD was estimated to be
62 per 10,000 while it was 185 per 10,000 (one in 54)
in the United States.*® In Oman, the prevalence of
ASD, based on 2019 estimates, was 20.35 per 10,000
children and was 15-fold greater than estimates in
2011.* The increment in ASD prevalence worldwide is
attributed mainly to an increase of diagnostic facilities
and services, awareness and diagnostic substitution.’
Many perinatal factors were found to be
associated with ASD but none has been proven to be
the causative aetiologic factor. For instance, maternal

section, preterm deliveries, congenital malformations,
low birth weight and low APGAR scores were observed
to be associated with an increased risk of ASD in
children.®? Interestingly, whether those factors have a
causal effect or play a secondary role in shaping the
phenotype in a genetically susceptible individual is still
not established. Hence, it was suggested to combine
the factors that are implicated in the ASD risk in one
model to examine their effects jointly.!

The association between advanced parental
age and ASD has been examined extensively. Initial
reports were highlighted by Reichenberg et al. with
observations further tested in different Western
populations.'"** A meta-analysis was conducted,
utilising a dose-response analysis to investigate the
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effect of increasing parental age on the risk of autism;
the results showed that an increase of 10 years in
maternal age was associated with an 18% higher risk
of autism.” The effect was more obvious in fathers,
where an increase of 10 years was associated with 21%
higher risk of autism."® To overcome the effect of the
other parent’s age as a confounding factor, Sandin et al.
examined the joint effect of maternal and paternal age
in a population-based study across five countries.' The
results revealed that for mothers older than 40 years,
the relative risk (RR) of autism in offspring increased
in a U-shaped pattern with younger and older fathers.
This was contrasted by effect among fathers >45 years,
where the RR increases monotonically with increasing
maternal age."

Despite several publications documenting the
association between advanced parental age and ASD,
the underpinning mechanism is still ill-defined.** Copy-
errors in the germ cell resulting in de novo mutations
in the offspring of older males was proposed as one
possible underpinning mechanism.'®” However, the
effects of replication errors in the germline alone
can not explain the full epidemiological data; rather,
it is portrayed to be multifactorial. Aside from
replication errors, lifetime environmental exposures
and epigenetic alterations have been described as
explanatory pathways that contribute to the causation
of complex disorders such as autism.!

Most studies about the effect of advanced parental
age in ASD risk were conducted on Western samples
with limited data from Middle Eastern populations
that possess interesting differences in demographic
features. In Oman, for instance, the population median
age is 26.3 years and considered as a young population
compared to those of Denmark, USA, Sweden and
Norway, where the population median age is 41.1, 37.4,
41 and 39 years, respectively.’® The current study aimed
to test the association between advancing parental age
and ASD risk in an Omani cohort that represents one
Middle Eastern population. Specific characteristics of
this Omani population’s demographic features, such
as younger age and younger marriage and conception
ages, combined with high consanguinity rates,
provided a unique opportunity to replicate parental
age findings in autism in a different population and
to identify moderating factors that might mitigate the
risk.?

Methods

This case-control study included 278 cases with ASD
and 722 non-autistic gender-matched controls. All

Omani children aged less than 14 years and diagnosed
at the Developmental Paediatric Clinic, Sultan Qaboos

466 |

University Hospital, Muscat, Oman, were eligible to
be included in the study as cases. Data were obtained
from electronic records between January 2015 and
June 2016.

ASD diagnosis was confirmed by a multidisc-
iplinary team assessment to ensure fulfilment of Diag-
nostic and Statistical Manual of Mental Disorders-5
diagnostic criteria.! The diagnostic teams were comp-
osed of a psychologist, speech and language therapist,
occupational therapist, a paediatrician experienced in
autism and a certified developmental paediatrician.
The diagnostic procedure included the utilisation of
Autism Diagnostic Interview-Revised (ADI"-R) and
the Autism Diagnostic Observation Schedule, Second
Edition (ADOS™-2) as the gold standard methods
of ASD diagnosis. All simplex cases were included
and for multiplex families, one child only among the
affected siblings was retained in order to maintain the
independence of observations.

The control group was selected from the national
registry of the Ministry of Health, Oman, with data
derived from the child’s electronic health record.
Oman has a free universal healthcare system with
almost 96% of deliveries recorded in health facilities.
Children’s health
completed by health personnel with data stored in

records contain information
two formats: a paper card belonging to the mother
and electronic records in the health system. The
electronic record is linked to the individual’s unique
national identifier and contains sociodemographic
information along with health information about the
mother and infant.?! The electronic records of the
control group were reviewed to ensure the absence of
neurodevelopmental or behavioural disturbances that
could be related to or confused with autism. Controls
were randomly selected and matched with cases
with respect to age, gender and geographical area.
Whenever the matching procedure permitted, up to
three controls were selected for each case in order to
increase statistical power. In some cases, especially at
older ages, once controls had been identified from the
same geographical area and gender, there were fewer
than three available controls, which explains why the
average age of controls is slightly lower than that of
the cases.

Medical and electronic records data were
extracted on a survey sheet. Data included the child’s
gender, date of birth, date of diagnosis, residence,
parents’ level of education and age of the child at the
time of ASD diagnosis. Data were transferred into an
Excel sheet where the age of the parents at birth of
their child with ASD was calculated by subtracting the
child’s age at time of diagnosis from the parents’ age
at time of diagnosis. For the control group, the age of
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the parents at birth was provided in the child’s health
card record. The participant’s national identifier was
substituted with a research identification number to
ensure confidentiality, abiding by ethical guidelines.

Data were analysed using Statistical Package for
the Social Sciences (SPSS), Version 25.0 (IBM Corp.,
Armonk, New York, USA). Bivariate associations were
evaluated using a chi-squared test for categorical data
and t-tests for continuous variables. Then, a series of
bivariate logistic regression models were estimated
using case status (ASD = 1 and control = 0) as the
dependent variable and predictors (child age, delivery
mode, parental age, maternal education status level
and governorate of residence) that could be acting as
confounding variables.

Bivariate associations were estimated between
cases and controls in terms of children’s demographics,
maternal and parental age groups with unadjusted
odds ratios (OR) and 95% confidence intervals (CI).
Only those independent variables that had a weak
association (P <0.15) with case status were retained
for later inclusion in a multiple logistic regression
analysis. Finally, a stepwise multiple logistic regression
was conducted with case status as the dependent
variable, paternal age and maternal age as risk factors
of interest and all potential confounding variables
were retained in the previous step. The full multiple
logistic regression model was evaluated with the log-
likelihood and Wald statistics; a P value of <0.05 was
considered for retaining a variable in the model as
statistically significant. Goodness-of-fit of the final
model was estimated with the Hosmer-Lemeshow
statistic.

Ethical approval was obtained from the Medical
Research & Ethics Committee of the College of
Medicine & Health Sciences, Sultan Qaboos Univ-
ersity, Muscat, Oman, and the Centre of Studies and
Research, Research Committee, Ministry of Health,
Oman (MREC #752; Unique Identification Code
#5820, respectively).

Results

A total of 1000 subjects were studied where 278 (27.8%)
were ASD cases and 722 (72.2%) were controls. Of all
included children, 78.0% were male; the male to female
ratio was 3.28:1 in the ASD group. Over half of the
cohort resided in Muscat and Batinah governorates
(28.4% and 27.6%, respectively) [Table 1].

There was no statistically significant difference
observed between cases and controls in terms of
gender and mode of delivery (P >0.05); however,
statistically significant differences were observed in

maternal education (P = 0.001), categorical maternal
and paternal ages (P <0.001 each). Despite this study’s
attempt to match the ages when selecting cases and
controls, the child’s age was also significantly different
between the two groups and, therefore, the child’s age
was subsequently adjusted for in following analyses
[Table 2].

In a multivariate logistical model, with the
exception of child age, all independent variables
significantly contributed to the model. Highly-
educated mothers were more likely to have a child
with ASD compared to school-educated mothers or
those with no formal education (adjusted OR = 1.48,
95% CI: 1.07-2.07). The odds of having a child with
ASD increased significantly with advancing maternal
age in a dose-response fashion with the highest risk
estimate being for mothers 240 years. There was also
an increased risk of ASD with increasing paternal
age. The magnitude of the risk increase was less for
paternal age compared to maternal age (adjusted OR
= 1.42-3.12 versus 3.39-13.13). Furthermore, the
OR for fathers in the oldest age group (=45 years)

Table 1: Characteristics of children with autism spectrum
disorder and non-autistic matched controls (N = 1,000)

Characteristic n (%)

ASD (n=278) Controls (n = 722)
Mean age in 58.1 £ 224 532 +126
months + SD
Age category in years
0-2 16 (5.8) 32 (4.4)
3 77 (27.7) 225 (31.2)
4 83(29.9) 234 (32.4)
5 50 (18.0) 144 (19.9)
6 21 (7.6) 63 (8.7)
=7 31 (11.2) 24 (3.3)
Gender
Female 65 (23.4) 155 (21.5)
Male 213 (76.6) 567 (78.5)
Governorate of residence
Muscat 74 (26.6) 210 (29.1)
Buraimi 8(2.9) 12 (1.7)
Batinah 77 (27.7) 199 (27.6)
Dahira 10 (3.6) 26 (3.6)
Dhofar 24 (8.6) 61 (8.4)
Dakhiliya 34 (12.2) 83 (11.5)
Sharqia 51 (18.3) 131 (18.1)

ASD = autism spectrum disorder; SD = standard deviation.
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Table 2: Associations between the studied variables and case-control status using bivariate regression (N = 1,000)

Variable n (%)

Controls (n = 722)

Male gender 567 (78.5)
Caesarian section 140 (19.4)
Maternal education of bachelor’s 171 (23.7)
degree or higher

Maternal age category in years

<25 141 (19.5)
25-29 234 (32.4)
30-34 203 (28.1)
35-39 112 (15.5)
>40 32 (4.4)
Paternal age category in years

<30 194 (26.9)
30-34 221 (30.6)
35-39 166 (23.0)
40-44 77 (10.7)
>45 64 (8.9)
Child’s age category in years

0-2 32 (4.4)
3 225 (31.2)
4 234 (32.4)
5 144 (19.9)
6 63 (8.7)
>7 24 (3.3)

OR = odds ratio; CI = confidence interval.

was not significant anymore (P = 0.389) although the
OR estimate remained above 1 (OR = 1.42) [Table 3].
The child’s age was statiscally significant (P =0.011) but
weakly predictive of case status although no statistical
difference was found for any age-specific stratum. The
model fit with the data was good as indicated by the
Hosmer-Lemeshow chi-square goodness-of-fit (x* =
3.67, 8 degrees of freedom; P = 0.886).

Discussion

Males constituted 76.6% of the studied cases, which
is in line with the gender distribution of autism in
epidemiological studies.”* The geographical distribution
of autism cases revealed that approximately half reside
in the governorates of Muscat and Batinah, which
follows the geographical distribution of the population
in Oman® Interestingly, 33.5% of mothers with
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Pvalue Unadjusted OR
(95% CI)
Cases (n = 278)
213 (76.6) 0.283 0.896 (0.644—1.246)
55 (19.8) 0.476 1.02 (0.724—1.452)
93 (33.5) 0.001 1.62 (1.197-2.192)
7 (2.5) <0.001 Reference
54 (19.4) 4.65 (2.06-10.50)
105 (37.8) 10.42 (4.71-23.06)
80 (28.8) 14.39 (6.39-32.39)
32 (11.5) 20.14 (8.16-49.71)
19 (6.8) <0.001 Reference
76 (27.3) 3.51 (2.05-6.02)
88 (31.7) 5.41 (3.16-9.26)
65 (23.4) 8.62 (4.85-15.32)
30 (10.8) 4.79 (2.52-9.08)
16 (5.8) <0.001 Reference
77 (27.7) 0.68 (0.36-1.32)
83 (29.9) 0.71 (0.37-1.36)
50 (18.0) 0.69 (0.35-1.37)
21 (7.6) 0.67 (0.31-1.45)
31 (11.2) 2.58 (1.16-5.76)

children who have ASD had a bachelor’s degree or
higher educational level, which was significantly higher
than the control group (23.7%; P = 0.001). A similar
finding was noticed in a study investigating the birth
cohort and administrative ASD records in California,
USA, where investigators found that educated
parents and high socioeconomic status families had
significantly lower age of diagnosis for their children,
which could be explained by better access to care.*
Thus, it can be hypothesised that Omani mothers with
higher education levels are reporting their children
with ASD symptomatology earlier than less-educated
mothers.

Both increasing paternal and maternal ages
were associated with increased risk of ASD; however,
the effect was stronger and more consistent among
mothers. This study’s findings showed that increasing
maternal age was associated with increased ASD risk
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Table 3: Final model of the multiple logistic regression
analysis

Variable Beta P Adjusted OR
coefficient  value (95% CI)

Maternal

education

of bachelor’s 0.396 0.020 1.48 (1.07-2.07)

degree or

higher

Maternal age category in years

<25 - - Reference
25-29 1.220 0.004 3.39 (1.47-7.79)
30-34 1.811 <0.001 6.12 (2.63-14.24)
35-39 2.062 <0.001 7.86 (3.22-19.19)
>40 575 <0.001  13.13 (4.63-37.26)
Paternal age category in years

<30 - - Reference
30-34 0.788 0.007 2.20 (1.24-3.91)
35-39 0.857 0.006 2.36 (1.27-4.36)
4044 1.139 0.001 3.12 (1.58-6.16)
>45 0.350 0.389 1.42 (0.64-3.15)
Child’s age category in years

0-2 - - Reference

3 -0.435 0.219 0.647 (0.32-1.30)
4 -0.316 0.370 0.729 (0.37-1.46)
5 =0323 0.382 0.724 (0.35-1.50)
6 -0.434 0.305 0.648 (0.28-1.48)
>7 0.742 0.089 2.101 (0.89-4.94)

OR = odds ratio; CI = confidence interval.

in a dose-response relationship, which culminated
at over 40 years of age with an OR of 13.13 (95% CI:
4.63-37.26). The effect of increased maternal age was
found to be monotonic and, by virtue of the logistic
regression analysis, was independent of the paternal
age’s effect. Interestingly, the OR of ASD risk in
this cohort increased dramatically with advancing
maternal age category (OR = 3.39, 6.12, 7.86 and 13.13
for age categories 25—29, 30—34, 35—39 and >40 years,
respectively) in a similar fashion than in studies done
in other populations.??

There was no data to further test hypotheses
on mechanisms that could underlie the maternal age
findings. However, based on published literature, it is
hypothesised that advancing maternal age is associated
with an indirect secular effect of increased obstetric
and neonatal complications (e.g. pre-pregnancy
obesity, excessive weight gain during pregnancy,
gestational diabetes, caesarean section and preterm

deliveries); despite no causal linkage being found for
this hypothesis, advanced maternal age’s contribution
to ASD risk is plausible due to documented risk of
maternal and neonatal complications.”” Although this
dataset lacked information about infertility, in vitro
fertilisation treatment and intracytoplasmic sperm
injection (ICSI), it has been postulated that offspring
of mothers who underwent ICSI for conception
(who also tend to be older) may have a statistically
higher risk of having a child with autism.?® However,
despite the multiple hypotheses postulated to explain
the association between advanced maternal age and
ASD, no clear conclusion has yet been reached in the
literature.

The effect of advanced paternal age was also
found to be significant in this study, although of lesser
magnitude when compared to the robust association
of maternal age and ASD risk. The OR distribution
was lower than that for maternal age from 25 to 44
years (OR = 2.20, 2.36 and 3.12 for age categories 30—
34, 35-39 and 40—44 years, respectively); however, the
risk increase was statistically noteworthy and added
to the effect of maternal age. The de novo mutations
theory, which is linked to advanced paternal age, could
be a plausible explanation for the effect. For example,
among ASD cases from the Simons Simplex Collection,
coding de novo mutations, including cases with copy
number variants, contributed to approximately 30%
of simplex cases and to 45% of female ASD cases.”
Surprisingly, there was a decrease in the effect among
fathers >45 years in the current study, which could
be due to a selection bias or to the small sample size
of older fathers. However, other possibilities related
to special demographic characteristics and to the
local context should be considered. For instance,
the population in Oman is considered younger than
Western communities with consanguinity marriage
rates of approximately 52%, which is much higher
than in Western populations.”® The risk of ASD
at advanced paternal age was explained by de novo
mutations; however, that relationship might be
different in a highly consanguineous population with
increased prevalence of recessive alleles.?* Therefore,
the findings of the drop in paternal age’s effect can
support the multifactorial pathway theory with a
different interplay of physio-pathological mechanisms
in a diverse population context.'®

Considering the importance of maternal and child
health, this study’s findings can assist in counselling
with regards to the risks of pregnancy at an older age.
The strength of this study stems from the large sample
size and that it is the first study to assess the effect
of advancing parental age in ASD risk in an Omani
population. However, the data should be interpreted
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with caution, taking into consideration that ASD cases
originated from a single centre along with a short
study duration. While the control group electronic
records were reviewed to ensure the absence of
neurodevelopmental symptoms that could be related
to ASD, the absence of direct clinical assessment of
this control group could have led to misclassification,
although this risk remains small. Moreover, if such
misclassification occurred, it would have biased the
results towards the null hypothesis and resulted in
some underestimation of the associations reported
on parental age and risk of autism. Furthermore, there
is a possibility of unmeasured confounding variables
and residual confounding, which may bias the risk
associations found. Nevertheless, the importance of
this initial observation arises from the similarities in
demographic features in Gulf Corporation Council
(GCC) countries, which necessitates more studies
to verify such findings in particular, as well as to
more generally investigate autism epidemiology,
comorbidities, outcome and efficacy of treatment
strategies.

Conclusion

Increased parental age wasassociated with a heightened
risk of ASD in their offspring; the risk increase was
more robust for advanced maternal age. Investigations
of changes in maternal health with increasing age for
several medical conditions (obesity, diabetes, etc.)
that have been associated with an increased risk of
ASD in offspring are needed. The OR distribution
for paternal age was lower than that for maternal age
from 25 to 44 years; however, the effect of paternal
age was still statistically significant. Surprisingly, this
study found a decrease in the OR with a paternal
age of 245 years, which requires further testing.
This finding may support the multifactorial pathway
hypothesis to explain the effect of parental age in ASD
risk. Further studies are needed and, keeping in mind
the similarities in demographic features among GCC
populations, multicentre studies with larger sample
sizes should be facilitated.
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