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Background: Previous studies on genetic testing of chromosomal abnormalities in individu-

als diagnosed with autism spectrum disorder (ASD) found that ~80% have negative genetic 

test results (NGTRs) and ~20% have positive genetic test results (PGTRs), of which ~7% were 

probable de novo mutations (PDNMs). Research suggests that parental age is a risk factor for 

an ASD diagnosis. This study examined genotypic variation in ASD and its relationship to 

parental age and phenotype.

Methods: Phenotype was derived from detailed clinical information, and genotype was 

derived from high-resolution blood chromosome and blood whole-genome copy number 

variant genetic testing on a consecutive cohort (born: 1983–2009) of subjects diagnosed 

with ASD (N=218).

Results: Among the subjects examined, 80.3% had NGTRs and 19.7% had PGTRs, of which 

6.9% had PDNMs. NGTR subjects were born more recently (the risk of PDNMs decreas-

ing by 12% per more recent birth year) and tended to have an increased male–female ratio 

compared to PDNM subjects. PDNM subjects had significantly increased mean parental age 

and paternal age at subject’s birth (the risk of a PDNM increasing by 7%–8% per year of 

parental or paternal age) compared to NGTR subjects. PGTR and NGTR subjects showed 

significant improvements in speech/language/communication with increasing age. PGTR 

subjects showed significant improvements in sociability, a core feature of an ASD diagnosis, 

with increasing age, whereas NGTR subjects showed significant worsening in sociability 

with increasing age.

Conclusion: This study helps to elucidate different phenotypic ASD subtypes and may even 

indicate the need for differential diagnostic classifications.

Keywords: genotype, phenotype, autism spectrum disorder, microarray, advanced age, gene, 

pervasive developmental disorder, parental age

Introduction
Significant progress has been made in understanding the genetic pathogenesis of 

autism spectrum disorder (ASD) in recent years.1 Studies examining heritability have 

confirmed a role of genetic factors as risk for this disorder. A better understanding of 

genetic factors in ASD was facilitated by technical innovations allowing for genome-

wide surveys of a range of possible sequence variations from common single-nucleotide 

polymorphisms to basically private chromosomal abnormalities. Copy number vari-

ant (CNV) studies have revealed important roles for recurrent and nonrecurrent large 

dosage imbalances. However, these studies have seldom delineated the individual 

genes responsible.1
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As stated by Talkowski et al,1 rare point mutations and 

characterization of balanced chromosomal abnormalities 

have identified individual ASD-related genes of reasonably 

robust effect. These have included loci with substantive a 

priori biological significance, as well as those that were not 

necessarily suspected as biological targets of significant 

consequence. Many common variants, each adding a small 

individual contribution to ASD risk, have recently become 

apparent. Taken collectively, more recent genetic findings 

provide persuasive evidence that the genetic basis of ASD 

is  very heterogeneous. There are apparently hundreds of 

genes involved, depending on their nature and their pre-

disposing genetic difference, which can present variable 

amounts of risk.

In addition, many of the genes considered to be risk 

factors for ASD also appear to be risk factors for other 

neurodevelopmental disorders and for a range of neuropsy-

chiatric disorders. It is clear that some genes associated with 

an ASD diagnosis, such as synaptic proteins (eg, SHANKs, 

neuroligins, and neurexins), as well as Fragile X mental 

retardation-associated proteins, have more obvious functional 

importance. Other genes associated with an ASD diagnosis 

do not offer a plausible mechanism for specific neuropsychi-

atric dysfunction (eg, regulators of chromatin modification 

and global gene expression). Overall, genetic studies to date 

have yielded some notable results. However, a consensus in 

the understanding of ASD pathogenesis or its heterogeneous 

clinical expression has not been achieved.1

Recently, some have postulated that advancing parental 

age, both of the father and mother, increases the risk of ASD 

in their children.2 Whole-genome sequencing testing has 

shown an association between older fathers with elevated 

rates of de novo mutations and increased risk of ASD. 

However, according to Lee and McGrath,2 the mechanisms 

related to increasing maternal age and a higher risk of an 

ASD diagnosis may be different from those operating with 

increasing paternal age. In each case, multiple risk factors 

may be associated with multiple interacting factors. Even 

though the pathogenesis of ASD-associated mutations is not 

well understood, research on paternal age may offer useful 

information as to the possible environmental and/or genetic 

risks involved in ASD.

The purpose of this study was to build upon previous 

genetic studies by examining the genotypic variation in 

ASD and its relationship to parental age and phenotype. In 

particular, this study examined the hypothesis that genetic 

mutations in individuals diagnosed with ASD are important 

to phenotypic variation.

Methods
The institutional review board (IRB) of the Liberty IRB, Inc 

(Deland, FL, USA; #12.08.0023) approved this study to ret-

rospectively examine existing clinical data. Liberty IRB, Inc 

is fully accredited with the Association for the Accreditation 

of Human Research Protection Programs (AAHRPP). The 

Liberty IRB determined that this retrospective examination 

of de-identified data was not human subject research and, as 

a result, did not require informed consent from the subjects.

Study subjects
This study examined de-identified data derived from a 

cohort of subjects diagnosed with ASD (N=218). This 

study examined consecutive qualifying subjects who were 

recruited from retrospective examination of medical charts. 

The subjects in this study had presented at a medical clinic 

for outpatient genetic consultations. All of the study subjects 

were previously diagnosed by a trained professional using 

the Diagnostic and Statistical Manual of Mental Disorders, 

fourth edition (DSM-IV) criteria for autism or ASD.

Clinical evaluation
The examined subjects had extensive medical histories taken 

by trained health care professionals at the time of their initial 

clinical visit. Subject’s age at initial clinical visit, date of birth, 

sex, ASD classification (any type of developmental regres-

sion after birth or no developmental regression after birth), 

maternal, and paternal age at subject’s birth were obtained. 

In addition, a parent/guardian-completed Autism Treatment 

Evaluation Checklist (ATEC) was collected for each subject.

The ATEC was used to measure the phenotypic severity 

(ie, ASD symptom severity) of subjects in this study diag-

nosed with ASD by measuring ASD severity (ie, the worse 

the ASD phenotypic severity, the higher the ATEC severity 

score). Total severity, speech/language/communication, 

sociability, sensory/cognitive awareness, and health/physi-

cal/behavior scores were determined quantitatively from the 

ATEC evaluation of each subject.

Genetic testing
All subjects subsequently underwent a blood draw for 

genetic testing by the Laboratory Corporation of America 

(LabCorp). The specimens were collected at LabCorp speci-

men collection locations following their standard collection 

procedures. The genetic testing for each subject consisted of a 

high-resolution blood chromosome and blood whole-genome 

single-nucleotide polymorphism (SNP) CNV microarray 

analysis.3 The blood whole-genome CNV microarray analysis 
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was conducted by LabCorp either using 1.8 million or 2.695 

million genotyping targets.

The 1.8 million genotyping target analysis was performed 

by LabCorp using the Affymetrix 6.0 platform, which uses 

>900,000 SNP probes and 900,000 NPCN probes with a 

median spacing of 0.7 kbp. Five hundred nanogram of total 

genomic DNA extracted from lymphocytes was digested 

with NspL and Styl and then ligated to Nspl or Styl adaptors, 

respectively, and amplified using the GeneAmp Polymerase 

Chain Reaction (PCR) System 9700. PCR products were 

purified using AMPure beads and quantified using NanoDrop 

8000. Purified DNA was fragmented and biotin labeled and 

hybridized to the Affymetrix 6.0 GeneChip. Data were ana-

lyzed using the Affymetrix Genotyping Console Browser 

(Version 3.01). Positive evaluation criteria included 1) DNA 

copy gain/loss within known clinically significant gene region 

of 50 kbp; 2) DNA copy number loss outside the known clini-

cally significant regions of >200 kbp with <100.0% CNV, a 

stringency of >50 SNPs/CN probes/200 kbp segment, at least 

one Online Mendelian Inheritance in Man (OMIM®; Johns 

Hopkins University School of Medicine, Baltimore, MD, US) 

annotated gene; or 3) a single chromosome with long contigu-

ous segment of homozygosity >15 Mbp) – extended allele 

homozygosity >10 Mbp per chromosome on multiple chro-

mosomes suggests homozygosity due to common descent.

The 2.695 million genotyping target analysis was per-

formed by LabCorp using the Affymetix Cytoscan HD 

platform, which uses >743,000 SNP probes and 1,953,000 

NPCN probes with a median spacing of 0.88 kbp. Two hun-

dred fifty nanogram of total genomic DNA extracted from 

lymphocytes was digested with Nspl and then ligated to Nspl 

adaptors, respectively, and amplified using Titanium Taq with 

the GeneAmp PCR System 9700. PCR products were puri-

fied using AMPure beads and quantified using NanoDrop 

8000. Purified DNA was fragmented and biotin labeled and 

hybridized to the Affymetrix Cytoscan HD GeneChip. Data 

were analyzed using the Chromosome Analysis Suite. The 

analysis is based on the GRCh37/hg19 assembly. Positive 

evaluation criteria included: 1) DNA copy gain/loss within 

a known clinically significant gene region of ≥50 kbp; 2) 

DNA copy number loss of >200 kbp or gain >500 kbp out-

side known clinically significant regions with at least one 

OMIM annotated gene or within a region of clear clinical 

significance; 3) a long contiguous region of homozygosity 

in a single chromosome >20 Mbp interstitially or >10 Mbp 

telomerically (15 Mbp and 8 Mbp, respectively, for imprinted 

chromosomes); 4) contiguous homozygosity >8 Mbp within 

multiple chromosomes suggesting common descent – these 

are regions of potential recessive allele risk; or 5) a high level 

of allele homozygosity due to numerous contiguous short runs 

associated with geographically or socially limited gene pool 

at the 99th percentile is reported.

The laboratory technician was blinded to the subject’s 

clinical information. The results of LabCorp genetic test-

ing were classified as negative genetic test results (NGTRs; 

these included subjects who were classified by LabCorp as 

not having any changes from either high-resolution blood 

chromosome or blood whole-genome SNP CNV microar-

ray analysis), overall positive genetic test results (PGTRs; 

these included subjects who were classified by LabCorp 

as having identified genetic changes from either the high-

resolution blood chromosome or blood whole-genome SNP 

CNV microarray analysis), or positive for possible de novo 

variant genetic test results (these included subjects who were 

classified by LabCorp as having identified genetic changes 

from either the high-resolution blood chromosome or blood 

whole-genome SNP CNV microarray analysis that were con-

firmed to not be present in the subject’s parents, not classified 

by LabCorp as possible familial variants, or not classified by 

LabCorp as a normal population variant).

Statistical evaluation
The statistical package contained in StatsDirect (Version 

2.8.0) was utilized for all statistical tests, and in all conducted 

statistical tests, a two-sided P-value <0.05 was considered 

statistically significant.

In order to examine the subcohorts (NGTRs, overall 

PGTRs, and positive for possible de novo variant genetic test 

results), the Fisher’s exact statistical test (for the categori-

cal variables of sex and classification) or the nonparametric 

Mann–Whitney U-test statistic (for continuous variables 

of date of birth, parental age at subject’s birth, and ATEC 

scores) were utilized. For those continuous variables that 

were significantly different between the different subcohorts 

examined, the logistic regression statistic was then used. The 

null hypothesis means there would be no differences between 

the various subcohorts examined for any of the continuous or 

categorical variables. In addition, the potential relationship 

between the subject’s age and ATEC scores was examined in 

the NGTRs and overall PGTR subcohorts using the Spear-

man’s rank coefficient (rho) statistic. The null hypothesis 

means there would be no relationship between the subject’s 

age and ATEC scores in either the negative genetic testing 

or the overall positive genetic testing subcohorts.

Results
Table 1 summarizes the general composition of the overall 

cohort of subjects diagnosed with ASD examined (N=218). 
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(50th–59th percentile of severity) with study subjects being 

least impacted in the area of speech/language/communication 

skills (30th–39th percentile of severity) and most impacted 

in the area of sensory/cognitive awareness skills (80th–89th 

percentile of severity).

Table 2 reveals the genetic test results observed for 

those in the subcohort with PGTRs (n=43). Overall, blood 

chromosome microarray and high-resolution blood chromo-

some genetic testing identified a frequency of 19.72% for the 

subjects examined having some type of PGTRs. Among those 

with PGTRs, the most common findings were the detection 

of deletions (48.8%) or duplications (39.5%) using blood 

chromosome microarray testing and inversions (14%) using 

high-resolution blood chromosome testing. A majority of the 

PGTRs were possible familial variants/normal population 

variants (65.1%) in comparison to possible de novo variants 

(34.9%), and the overall frequency of positive genetic test-

ing for possible de novo variants in the cohort of subjects 

examined was 6.9%.

Table 3 provides an overview of the categorical and con-

tinuous variables evaluated among the various subcohorts 

examined. The mean subject’s date of birth in years at initial 

clinical evaluation was significantly further in the past in 

the positive for possible de novo variant genetic test results 

subcohort (1995.93±6.1) than that in the NGTRs subcohort 

(1999.78±4.92). Follow-up logistic regression analysis 

revealed an odds ratio =0.878 (95% confidence interval [CI] 

=0.798–0.965, P<0.01) for decreasing risk of testing positive 

for possible de novo variant genetic test results in comparison 

to testing negative for genetic test results for each more recent 

year of birth. Also evident was the fact that the positive for 

possible de novo variant genetic test results subcohort had 

significantly increased mean parental age and paternal age at 

subject’s birth when compared to the NGTRs subcohort. Fol-

low-up logistic regression analysis also revealed an increased 

odds ratio =1.078 (95% CI=1.0038–1.158, P<0.05) for each 

increasing year of parental age and an increased odds ratio 

Table 1 An overview of the entire study cohort (N=218) examined

Subjects’ age, years, at initial clinical evaluation, 
mean ± SD (range)

10.23±5.14 (1–27)

Subjects’ DOB, years, at initial clinical evaluation, 
mean ± SD (range)

1999.57±5.10 
(1983–2009)

Sex, % (n)
Male 83 (181)
Female 17 (37)
Classification, % (n)

Regressivea 57 (124)
Nonregressive 43 (94)

Parental age at subject’s birth, years, mean ± SD (range)
Parental age 32.12±6.56 (17–59)
Maternal age 30.70±5.68 (17–43)
Paternal age 33.54±7.06 (19–59)

ATECb score at initial clinical evaluation, mean ± SD (range)
[percentile of severity]

Total 69.83±20.24 (23–126)
[50–59]

Speech/language/communication 7.75±7.56 (0–27)
[30–39]

Sociability 15.10±8.87 (0–46)
[50–59]

Sensory/cognitive awareness 22.29±8.3 (0–37)
[80–89]

Health/physical/behavior 24.70±14.43 (1–74)
[60–69]

Notes: aSubjects who experienced any type of regression in skills following 
birth. bIncreasing scores and increasing percentiles of severity are associated with 
increasing severity of symptoms.
Abbreviations: ATEC, Autism Treatment Evaluation Checklist; DOB, date of 
birth; SD, standard deviation.

Table 2 An overview of the overall positive genetic testing subcohort (n=43) examineda

Subcohort examined Genetic test Deletion 
present, % (n)

Duplication 
present, % (n)

Translocation present, % 
(n)

Inversion 
present, % (n)

Possible familial variant/normal 
population variant (n=28)

Blood chromosome 
microarray

46.43 (13) 32.14 (9) – –

High-resolution blood 
chromosome

0 (0) 3.57 (1) 3.57 (1) 21.43 (6)

Possible de novo variant (n=15) Blood chromosome 
microarray

60.0 (9) 53.3 (8) – –

High-resolution blood 
chromosome

6.67 (1) 6.67 (1) 6.67 (1) 0 (0)

Notes: aSubjects may have findings present on more genetic test results, and they may have more than one type of genetic changes present on the same genetic test results.

Among the subjects examined, it was observed that the aver-

age age at initial clinical evaluation was 10.23±5.14 years 

old, and they were generally born in the late 1990s (range: 

1983–2009). Overall, there were far more males relative to 

females (male:female ratio =4.89). A majority (57%) of the 

subjects examined experienced some degree of regression 

in skills following birth. The parental age at the time of 

birth of the subjects examined was generally in their early 

30s (range: 17–59 years old). The ATEC scores showed that 

the overall severity of the subjects examined was moderate 
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=1.078 (95% CI=1.0169–1.1353, P<0.05) for each increasing 

year of paternal age at subject’s birth, with regard to the risk 

of subject being positive for possible de novo variant genetic 

test results in comparison to the subcohort with NGTRs. 

Finally, the positive for possible de novo variant genetic 

test results subcohort had significantly increased parental 

age at subject’s birth when compared to the overall PGTRs. 

Follow-up logistic regression analysis revealed an odds ratio 

=1.069 (95% CI=1–1.14, P=0.05) for mean parental age at 

subject’s birth among subjects in the subcohort with positive 

for possible de novo variant genetic test results in comparison 

to the subcohort with overall PGTRs. No other significant 

differences were observed among the various subcohorts 

examined for sex, regression classification, parental age at 

subject’s birth, or ATEC scores.

Table 4 reveals a summary of the Spearman’s rank cor-

relation coefficient between a subject’s age and ATEC scores 

in the NGTRs and overall PGTRs subcohorts examined. 

In both subcohorts examined, ATEC scores in the areas 

of speech/language/communication skill scores improved 

as a function of increasing age of the subject. It was also 

observed that sociability skill scores significantly worsened 

with increasing age of the subject in the NGTRs subcohort, 

whereas sociability skill scores significantly improved with 

increasing subject’s age in the overall PGTRs subcohort.

Discussion
The present hypothesis testing study evaluated the relation-

ship between increasing parental age and its association with 

the presence of genetic mutations in subjects diagnosed with 

ASD. The results of this study reveal direct clinical evidence 

to support the hypothesis that subjects diagnosed with ASD 

and positive for possible de novo variant genetic test results 

had significantly increased mean parental ages and paternal 

ages in comparison to those with NGTRs. Logistic regres-

sion analysis revealed that the risk of a subject diagnosed 

with ASD and positive for possible de novo variant genetic 

test results in comparison to a subject diagnosed with ASD 

and NGTRs by ~7%–8% per year of increased parental or 

paternal age. By contrast, subjects diagnosed with ASD and 

positive for possible de novo variant genetic tests results 

did not have significantly increased mean maternal ages in 

comparison to those with NGTRs.

The findings made in this study provide direct clinical 

support to a recent hypothesis that postulated among subjects 

diagnosed with ASD, increases in mutation rates and de novo 

mutations occurring at an increased frequency among older 

fathers, might make paternal age a factor in ASD etiology.4 

In addition, children of older mothers were reported to have 

increased maternal recombinations as compared to younger 

mothers.5 However, transmission of mutations to offspring 

Table 3 An overview of the study subcohorts examined

Characteristic examined Negative genetic test 
results (n=175)

Overall positive genetic 
test results (n=43)

Positive for possible de novo 
variant genetic test results (n=15)

Subject’s DOB, year, at initial clinical evaluation, 
mean ± SD (range)

1999.78±4.92 (1985–2009) 1998.72±5.77 (1983–2007) 1995.93±6.1a (1983–2002)

Sex, % (n)
Male 85 (148) 77 (33) 73 (11)
Female 15 (27) 23 (10) 27 (4)
Classification, % (n)

Regressiveb 58 (101) 54 (23) 53 (8)
Nonregressive 42 (74) 46 (20) 47 (7)

Parental age at subject’s birth, years, mean ± SD (range)
Parental age 32.03±6.49 (17–59) 32.49±6.85 (20–51)c 35.2±4.88 (26–44)d

Maternal age 30.67±5.53 (17–42) 30.81±6.30 (20–43) 33.07±4.74 (26–41)
Paternal age 33.38±7.08 (19–59) 34.16±7.04 (22–51) 37.33±4.13 (30–44)a

Autism Treatment Evaluation Checklist (ATEC)  
score at initial clinical evaluation, mean ± SD (range)

Total 69.66±20.71 (25–126) 70.51±18.38 (23–119) 65.33±14.93 (42–92)
Speech/language/communication 7.48±7.48 (0–27) 8.84±7.9 (0–26) 7.53±7 (0–19)
Sociability 14.94±9.08 (0–46) 15.77±8.03 (0–33) 12.6±6.59 (0–22)
Sensory/cognitive awareness 22.99±8.37 (0–37) 19.42±7.39 (2–34) 22.2±6.61 (11–34)
Health/physical/behavior 24.26±15.01 (1–74) 26.49±11.76 (7–58) 23±11.67 (7–44)

Notes: aThe positive probable de novo variant genetic test results subcohort (n=15) was significantly (P<0.05) different than the negative genetic test results negative 
subcohort (n=175) using the nonparametric Mann–Whitney U-test statistic. bSubjects who experienced any type of regression in skills following birth. cThe positive probable 
de novo variant genetic test results subcohort (n=15) was significantly (P<0.05) different than the overall positive for genetic test results subcohort (n=43) using the 
nonparametric Mann–Whitney U-test statistic. dThe positive probable de novo variant genetic test results subcohort (n=15) was significantly (P<0.005) different than the 
negative genetic test results (n=175) using the nonparametric Mann–Whitney U-test statistic.
Abbreviations: ATEC, Autism Treatment Evaluation Checklist; DOB, date of birth; SD, standard deviation.
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occurs among men (regardless of the sex of the offspring) 

more than women.5 Therefore, it was concluded, since 

increased parental age and an increased genetic frequency 

of mutations are both reported to be associated with a higher 

risk of developing ASD, an association between increasing 

genetic mutation frequency and increasing parental age in 

ASD pathogenesis exists.5

This study is based on our own previous study of sub-

jects diagnosed with ASD, where we tested the theory that 

if increased genetic frequency of mutations from increasing 

paternal age is important to ASD pathogenesis, then there 

should be a significant relationship between increasing 

parental age and increasing ASD phenotypic.6 The results of 

our previous study revealed that increasing ASD phenotypic 

severity did not correlate with increasing parental age. We 

concluded our previous study by suggesting that, despite 

the lack of findings between increasing ASD phenotypic 

severity and increasing parental age, future research should 

investigate the relationship between genetic mutations and 

increasing parental age in ASD. The results of this study 

confirm the importance of examining individuals diagnosed 

with ASD and positive for possible de novo variant genetic 

tests, as a means to evaluate the importance of parental age 

on the presence of genetic mutations.

This study also tested the hypothesis that subjects diag-

nosed with ASD and genetic mutations would have a distinct 

clinical phenotype in comparison to subjects diagnosed with 

ASD and without genetic mutations. Results demonstrated 

that the date of birth for subjects positive for possible de novo 

variant genetic test results were further in the past (1995.93) 

in comparison to subjects with NGTRs (1999.78). Logistic 

regression analysis revealed that the risk of testing positive 

for possible de novo variant genetic test results decreased 

by ~12% for each more recent year of birth. In addition, a 

nonsignificant, ~twofold, decrease in male–female ratio from 

the subcohort with NGTRs =5.48 in comparison to the subco-

hort which was positive for possible de novo variant genetic 

test results =2.75. These findings suggest the existence of an 

increasing environmental component contributing to ASD 

etiology during the 1990s; this component more preferentially 

impacted males in comparison to females, in the absence 

of genetic mutations. This phenomenon is supported by 

previous research observing evidence for increasing environ-

mental triggers for ASD in the 1990s.7 Interestingly, it was 

also observed that there were no differences in the NGTRs 

subcohort in comparison to the positive for possible de novo 

variant genetic test results subcohort for the frequency of any 

type of regression after birth or overall ASD severity/clinical 

features as measured by ATEC scores.

In order to further evaluate the hypothesis that subjects 

diagnosed with ASD and genetic mutations would have a dis-

tinct clinical phenotype, in comparison to subjects diagnosed 

with ASD and without genetic mutations, an assessment was 

undertaken to assess how ASD severity/clinical features, 

as measured by ATEC scores, varied in relation to the subject’s 

age. It was observed that the subcohort with NGTRs and the 

overall PGTRs subcohort showed significant improvements in 

ATEC speech/language/communication scores with increas-

ing age of the subject. This type of observation was made in 

previous research of subjects diagnosed with ASD.6

However, it was observed in this study that the subcohort 

with NGTRs showed significant worsening of ATEC socia-

bility scores with increasing age of the subject, whereas the 

overall PGTRs subcohort showed significant improvements 

in ATEC sociability scores with increasing age of the subject. 

A similar phenomenon was observed in previous genetic 

studies.8 This result suggests that sociability (a key hallmark 

diagnostic feature of ASD) actually significantly worsened in 

those with NGTRs, which, again, points toward an ongoing 

environmental component continuing to contribute to their 

Table 4 A summary of the relationship between the subject’s age and ATEC scores based upon genetic testing status

Subcohort examined ATEC score Spearman’s rank correlation 
coefficient (rho)

P-value 95% confidence 
interval

Negative genetic test results (n=175) Total –0.0141 0.853 –0.162 to 0.134
Speech/language/communication –0.273 0.003 –0.405 to –0.129
Sociability 0.178 0.00185 0.0305 to 0.318
Sensory/cognitive awareness 0.0106 0.889 –0.138 to 0.159
Health/physical/behavior 0.0042 0.956 –0.144 to 0.152

Overall positive genetic test results 
(n=43)

Total –0.22 0.15 –0.488 to 0.0854
Speech/language/communication –0.349 0.022 –0.588 to –0.055
Sociability –0.392 0.0097 –0.619 to 

–0.104
Sensory/cognitive awareness 0.257 0.0962 –0.0471 to 0.517
Health/physical/behavior 0.0652 0.676 –0.239 to 0.358

Notes: Values shown in bold are statistically significant.
Abbreviation: ATEC, Autism Treatment Evaluation Checklist.
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increasingly worsening sociability ASD clinical phenotype 

as the subjects grow older. In contrast, this result also sug-

gests that improvements in sociability among those with 

overall PGTRs indicates that whatever the role the positive 

genetic tests results played in the ASD clinical phenotype, 

it is contributing significantly less to their sociability ASD 

clinical phenotype as the subjects grow older.

Finally, the results of this study provide important insights 

into the frequency of genetic variation in subjects diagnosed 

with ASD. Among the cohort of subjects diagnosed with 

ASD examined, the overall PGTRs were observed in 19.7%. 

Among those in the subcohort with PGTRs, many different 

genetic mutations were identified such as deletions, duplica-

tions, translocations, and inversions, and these genetic muta-

tions were distributed across many different loci on many 

different chromosomes. Furthermore, analysis of the overall 

PGTRs subcohort revealed a further subcohort of subjects 

with positive possible de novo variants, but this subcohort 

represented only 6.9% of all the subjects examined in this 

study. As a consequence, the vast majority (80.3%) of the 

subjects diagnosed with ASD did not have any identifiable 

genetic findings from high-resolution blood chromosome or 

blood chromosome microarray testing.

Our results are entirely consistent with another previ-

ous large cohort of 933 subjects diagnosed with ASD who 

underwent high-resolution blood chromosome or blood chro-

mosome microarray testing.9 These investigators described 

~19.4% of the subjects tested were positive for any type of 

blood chromosome or blood chromosome microarray test-

ing (19.7% in this study), and this number was reduced to 

7.0% when considering subjects with positive possible de 

novo variant genetic test results (6.9% in this study). These 

investigators observed, just as we did in this study, that among 

those with PGTRs, it was found that many different genetic 

mutations were identified such as deletions, duplications, 

translocations, and inversions, and these genetic mutations 

were distributed across many different loci on many differ-

ent chromosomes.

Strengths/limitations
A central strength of this study was the study design. The 

study individuals in this study were recruited from retro-

spective examination of medical charts of subjects who 

came for genetic consultations on an outpatient basis. All of 

the individuals examined in this study had been previously 

diagnosed with ASD by a health care professional and then 

underwent an extensive initial clinical evaluation and subse-

quently underwent routinely clinically available chromosome 

microarray and high-resolution blood chromosome genetic 

testing from LabCorp. The clinical evaluations and laboratory 

testing were conducted blinded to each other’s findings, which 

minimized potential observer or study participation biases.

The use of DSM-IV criteria by health care professionals 

to diagnosis the cohort of subjects examined in this study 

was another strength of this study. Using the same diagnostic 

criteria for every subject in the study allowed for diagnostic 

consistency. It ensured that the individuals in the study had been 

diagnosed with ASD under uniform diagnostic criteria and that 

the diagnosis was made prior to the collection of data for this 

study, so that the influence of diagnostic status of the subjects 

would not have influenced the collection of the data examined.

The use of parental-completed ATECs to determine the 

phenotypic severity of the individuals examined in this study 

that were diagnosed with ASD was also a strength of this study. 

The ATEC is commonly used in research to measure ASD phe-

notypic severity. Quantitative total scores and subscale scores 

for specific domains in ASD symptoms are provided by the 

ATEC and, in recent studies, was found to significantly cor-

relate with other well-established measures of ASD severity.10

The lack of neurotypical controls is a limitation of 

the study because the increased ASD risk associated with 

advanced paternal age must be validated with a population 

study analyzing the ASD incidence in subgroups with dif-

ferent parental ages. A neurotypical group would allow for 

the calculation of the rate of autism by age group. Future 

studies should explore this.

While it may be worthwhile to study parental ages among 

subjects diagnosed with ASD in comparison to neurotypical 

controls, this study went further than this simple comparison 

between these two populations for genomic or phenotypic 

variations. This study was able to directly demonstrate that 

increasing parental age in individuals diagnosed with ASD 

was statistically significantly associated with an increased 

frequency of positive for possible de novo variant genetic test 

results in comparison with those with NGTRs. Furthermore, 

the results of this study provide important statistically signifi-

cant differences in phenotypic variations among individuals 

with ASD who had genetic mutations in comparison with 

those without genetic mutations.

Another possible limitation of this study was that only 

ATEC scoring was used to determine ASD phenotypic 

severity. Despite this limitation, the ATEC has been used 

and validated in previous research.10 In addition, this study 

evaluated individuals diagnosed with ASD under the DSM-

IV criteria, which has been replaced with DSM-V criteria, 

since this study took place. Future studies should utilize 

other measures of ASD to observe their findings with our 

results.
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An additional potential limitation of this study was the 

cohort of individuals derived only from one set of clinics. 

It is possible that the ASD population examined may be 

phenotypically or genetically different from other ASD 

populations. Despite this potential limitation, many of the 

phenotypic and genetic results observed among the ASD 

subjects examined are virtually identical to those observed 

in an even larger ASD cohort study examining phenotypic 

and genomic variations.7 We recommend in future stud-

ies that other cohorts of subjects diagnosed with ASD be 

examined to observe their consistency with the observations 

made in this study.

A potential limitation of this study was that the genetic 

findings of subjects with PGTRs were not explored in detail. 

Among the 43 subjects with PGTRs, their genetic abnormali-

ties were highly complex and as such the underlying genetic 

pathology is beyond the scope of this study. Future studies 

should further explore this phenomenon. In addition, while 

the sex and race breakdowns were similar in this study among 

the different groups examined, future studies should examine 

other potential confounders, such as socioeconomic status 

and their impact on the results observed.

Conclusion
The genetic etiology of ASD has been elucidated over a 

number of years by unprecedented technological innovations 

in genetics. Based on previous genetic studies, the results of 

this study demonstrate that increasing parental age, and in 

particular, increasing paternal age, in individuals diagnosed 

with ASD was significantly related to an increased frequency 

of positive for possible de novo variant genetic test results. 

Furthermore, this study also revealed that genetic mutations 

in subjects diagnosed with ASD were important to ASD 

phenotypic variation. Finally, this study showed that while 

overall PGTRs were observed in 19.7% of the subjects 

examined (80.3% of the subjects examined did not have 

any identifiable genetic findings from high-resolution blood 

chromosome or blood chromosome microarray testing), the 

subcohort of subjects with positive possible de novo variants 

represented only 6.9% of all the individuals examined in 

this study. In addition, among those in the subcohort with 

PGTRs, it was found that many different genetic mutations 

were identified such as deletions, duplications, transloca-

tions, and inversions, and these genetic mutations were 

distributed across many different loci on many different 

chromosomes.

Therefore, we recommend that future studies be con-

ducted on large cohort populations to determine the exact 

frequency of an ASD diagnosis among specific types of 

genetic mutations in comparison to the general population, 

so as to determine in such populations the risk of an ASD 

diagnosis and to further evaluate potential differences in 

ASD phenotypic variation. We also suggest that our results 

emphasize the need for genetic testing among individuals 

with an ASD diagnosis and that future studies examine the 

issues of genetic testing and phenotypic presentation to help 

elucidate subtypes and clarify the possible need for diagnostic 

classification differences.
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