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Abstract

Background

The current debate regarding what constitutes ‘cognitively healthy ageing’ in people 

with elevated autistic traits is highly relevant to the diagnosis of age-related conditions such 

as mild cognitive impairment (MCI) and dementia. Behavioral reaction time (RT) is an 

important component of cognition and everyday functioning, and is included in diagnostic 

testing for such conditions. Autism trait level is not typically considered when including 

participants in ageing-related RT research, and therefore requires examination in order to 

address whether those with high levels of autistic traits may show differences in terms of 

their RT performance, as relevant to testing for MCI and dementia. 

Methods

In the current study we examined the relationship between RT and levels of autistic 

traits in 76 community-dwelling older adults (aged 50-78 years). We also investigated 

whether there were any differences in the relationship between RT and autistic trait level 

with respect to sex.

Results

We found that the relationship between an individual’s levels of autistic traits and 

their reaction time scores varied depending on the type of task used, and on sex. In 

particular, for females, higher levels of autistic traits were related to slower reaction times on 

the Trail Making task (Trails A), a task commonly used in clinical practice.  

Conclusion 

Our findings indicate that some aspects of age-related cognitive decline may be 

steeper for older adults with higher levels of autistic traits, but that the impact may be 

different depending on sex, with higher trait levels in females being indicative of poorer RT 

performance. These findings may explain some of the outcome variability typical of previous 

studies, and has important implications for interpreting tests used for dementia diagnosis, 

particularly for older adults on the autism spectrum.
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Introduction

Despite the fact that Autism Spectrum Disorder (ASD; henceforth autism) is relatively

common (1-2% prevalence), little emphasis has been placed on research examining its 

relationship with cognitive function in older adulthood.1–9 Such investigation is vital to gain a 

more complete understanding of the relationship between ageing and autism in order to 

better address needs in older adulthood, and to distinguish typical ageing from disorders 

such as mild cognitive impairment (MCI; e.g., difficulties with cognitive abilities such as 

memory and reasoning in older age which do not meet criteria for dementia diagnosis) and 

dementia.1 There is some evidence that ageing with an autism diagnosis may be associated 

with disproportionately greater levels of objective cognitive decline (e.g., for processing 

speed, working memory, and executive function),2,4,8,10,11 compared to non-autistic older 

adults. Nevertheless, preservation (in visual and verbal memory, executive function, and 

information processing speed,2,4,12–15 and even enhancement are found for some functions, 

e.g., visual perception and early sensory processing16,17 (but see López Pérez et al. 18)). 

Such findings may indicate partial protection against age-related decrease in some aspects 

of cognitive function,4,19 and that cognitive differences between autistic and non-autistic 

adults may become less pronounced with increasing age.2,20

However, the diversity of cognitive functions investigated, alongside a paucity of 

studies for any specific aspect of cognition likely contributes to such heterogeneity, as does 

the range of tests used to ostensibly measure the same function. Indeed, subtle variation in 

test requirements may recruit different aspects of brain function and cognition variously 

associated with, or influenced by, autism and autistic traits. Studies have also varied widely 

with respect to the number of participants tested, the size of age groups, and numbers of 

males and females included (and indeed whether both sexes are included, as several 

studies include only male participants,1,4,13,15–27 with some recent research indicating that 

cognitive decline may be more likely in autistic older females than in males)28. Heterogeneity 

may also be explained, at least in part, by individual differences in the time course and 
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vulnerability patterns of age-related cognitive change in autistic individuals,10 the 

heterogeneous nature of autism per se,29 and atypical, but not necessarily dysfunctional, 

brain processing in autism.1,13,30–33 Further potential contributory factors to outcome variability

may include investigation across studies of different age ranges, and whether participants’ 

autism diagnostic status and/or levels of autistic traits are measured. Such outcome variation

highlights further some of the difficulty in determining whether age-related cognitive decline 

may be steeper for autistic compared to non-autistic adults,4,10,34 or presenting with a similar 

trajectory,4,35,36 or indeed whether autism may be protective against age-related decline.34,35,37

Although the majority of research has focused on individuals diagnosed with autism, 

non-autistic individuals also show varying levels of autistic traits, and provide a fruitful 

avenue for research in older adults.11,15,38,39 In addition, evidence from individuals who meet 

criteria for the Broader Autism Phenotype (BAP; a phenotype in relatives of autistic people 

who show similarities to the defining features of autism, including social and communication 

difficulties, and restricted interests and behaviors)40–42 indicates that although they may 

experience more Subjective Cognitive Decline (SCD; perceived decline in cognitive abilities 

with ageing which are not found on objective tests of function)with age, rates of memory 

decline or clinical progression to MCI appear to be similar.20 However, evidence also 

indicates that ageing with elevated autistic traits (i.e., high, but below clinical cut-off for 

diagnostic purposes) is associated with poorer performance on measures of executive 

function and episodic memory.15,39 It is possible therefore that some older adults present 

within control groups in autism research may have, often unmeasured, high levels of autistic 

traits, which may affect task performance, further blurring group differences.15,20,43

The lack of evidence regarding what constitutes ‘typical or cognitively healthy ageing’

for autistic people and those with elevated autistic traits is particularly relevant to the 

diagnosis of age-related conditions such as SCD, MCI, and dementia.8,12,20,44,45 For some 

individuals, SCD and MCI represent very early or prodromal (pre-clinical) stages of dementia

such as Alzheimer’s disease. For others, SCD and MCI may reflect a range of other 

4



REACTION TIME IN AGEING: AUTISTIC TRAITS

conditions, some of which may not progress any further, or in some cases may be 

reversible. Early and differential diagnosis can be challenging, often requiring repeated 

testing and follow-up, but this is imperative in order to ensure timely and appropriate 

intervention, treatment, and care. An important diagnostic component is the administration of

a battery of neuropsychological tests designed to determine the integrity of a wide range of 

cognitive functions (such as memory, executive function, language, and information 

processing speed). The performance of an individual is then compared to the ‘norms’ of 

performance for that test (often taking into account factors such as age and educational 

level), with certain performance levels indicative of probable dementia or MCI. However, 

these diagnostic processes incorporate tests with normative datasets which may not be 

sufficiently representative of cognitive function in older adults on the autism spectrum. This is

particularly pertinent considering recent evidence indicating that autistic adults under the age

of 65 are more than twice as likely to be diagnosed with dementia compared to the general 

population,46 and because older adults with autism may be at higher risk for SCD.20 A recent 

study examined a large cohort of older adults with MCI or dementia (without formal autism 

diagnoses), assessed on a yearly basis using cognitive and clinical examinations. The 

findings indicate a significant association between the behavioral and psychiatric symptoms 

of dementia and autism-related behaviors, as well as a relationship between a greater 

degree of dementia severity and higher levels of autism-related behaviors.5 Further, those 

classed as being likely/possible to have autism had a longer duration of cognitive 

impairment, and poorer global cognition.5 

A more complete understanding of the relationships between ageing, cognitive 

function, and interactions with other factors such as autistic trait level is therefore necessary,

in order to ensure cognitive testing is adjusted for those on the autism spectrum, thus 

ensuring the same level of early and appropriate MCI and dementia diagnosis as in non-

autistic people. As repeated cognitive testing plays a key role in the management of MCI and

dementia, it is important therefore to also take into account any autism-related differences in 
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age-related cognitive change over time, and the implications for potential adjustments to 

management and care. This aligns with the movement towards the adoption of an approach 

which emphasizes the importance of individual differences and characteristics in healthcare, 

moving away from the ‘one size fits all’ concept towards greater consideration of individual 

differences. This approach is increasingly adopted with respect to cognitive ageing and 

dementia 47,48, and appears particularly relevant to autistic individuals and those with 

elevated autistic traits. 

In this paper we focus on the relationship between autistic trait level and behavioral 

reaction time (RT); an important component of information processing, cognition, and 

everyday functionality that is characteristically impacted in typical ageing, as well as in MCI 

and dementia, and is measured as part of diagnostic test batteries for such conditions. RT 

tasks engage multiple, distributed neural systems,49 and can therefore be indicative of the 

integrity of many aspects of brain function. RT is closely linked with white matter integrity,50 

revealing disproportionate slowing in RT for older adults living with conditions associated 

with detrimental changes in white matter such as vascular cognitive impairment49,51–54 and 

Alzheimer’s disease)55. Slowed RT is also associated with negative outcomes, including 

head injury, increased risk of mortality, morbidity, and falls, as well as reduced participation 

in exercise, work, poorer driving ability, mobility, quality of life, wellbeing, social 

communication, and decreased independence in daily function.1,13,49,56–69 The intraindividual 

variability of RT (IIV; the manner in which an individual’s RTs will vary across trials in a given

task) is also an important behavioral marker of functional integrity, particularly with respect to

dementia and cognitive impairment,53,55,70–72 with evidence indicative of increased variability in

RT associated with amyloid beta pathology (which is associated with some types of 

dementia) at age 70.73 

As there is evidence in the autistic population of reduced structural and functional 

integrity of white matter,1,74,75 and of a higher rate of comorbidity and increased risk for 

chronic disease 76, one might predict slower and more variable RT in older adults on the 
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autism spectrum, and therefore a correlation between levels of autistic traits and both RT 

and IIV. However, research examining IIV in autism is scarce, and where studies have been 

conducted, they appear to have focused only on autistic children also diagnosed with 

ADHD.31 Although some studies have indeed revealed significant RT slowing in autism 

across the lifespan, there is also evidence for preserved RT function compared to non-

autistic people.12,13,15,20,31,33,62,74,75,77–83 Previous studies may have failed to take into account the

inherent heterogeneity in RT, which may have contributed to outcome variability seen in 

studies of RT in autism. This may also be related to factors such as sample size, test type, 

complexity, and sensitivity, age, educational level, general cognition, subjective cognition, 

depression, or anxiety,4,9,10,13,20,71,82,84 as well as sex stratification with respect to some RT 

tests,58 which in turn can be mediated by the task type and resource demands.85 

Furthermore, and of particular relevance to both clinical practice and research, considerable 

variation in RT within groups of individuals of a similar age with ostensibly the same 

diagnosis of dementia/MCI can occur.71,84 We argue that such factors should therefore be 

considered when analyzing and interpreting autism RT research, when measuring RT as 

part of a diagnostic process for MCI/dementia, and in producing normative data for a tests of

RT. This may be particularly important with respect to autism trait level, which is not typically 

considered as an exclusion criterion in ageing-related RT research, meaning that individual 

variation in levels of autistic traits may contribute to variability within and between groups 

and studies.15,20,43

Current Study

There is little information available about the relationship between autistic trait level in

older adults and cognitive function. Therefore, the overarching aim of this study was to 

improve our understanding of RT and its intra-individual variability (IIV) in relation to autism 

trait level and thus, its research and clinical applications.
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This study was conducted to address three main research questions: i) what is the 

relationship between RT and autism trait level (AQ); ii) would a relationship between RT and 

AQ differ depending on RT task type; and iii) which other factors may contribute to any 

relationship between RT and AQ. The first research question, and main objective of this 

study, was to determine the potential relationship between RT and autism trait level (as 

measured by the Autism Spectrum Quotient; AQ-50),86 in older adults (aged 50+). Secondly, 

in order to determine whether any relationship between RT and AQ differs depending on the 

type of RT test used, we employed two different, but clinical- and research-typical tests; the 

Trail Making Test (TMT),87 and a Visual Search Test.88 The TMT is typically used to assess 

executive function and executive function-related RT, and is commonly included in batteries 

used in the diagnosis of dementia and its initial stages. Visual Search tests are used to 

assess attention-related RT (e.g., attentional shifting). Employing a multi-trial Visual Search 

test also allowed us to measure IIV. Both the TMT and the Visual Search tests are typically 

used in RT-related research, and have two levels of difficulty (which vary in resource load 

and information processing requirement, as well as functional network recruitment), thus 

allowing the determination of whether such factors may influence study outcome. Finally, in 

order to determine which other factors might contribute to any relationship between RT and 

levels of autistic traits, we also measured subjective and objective cognitive function using 

the Cognitive Change Index (CCI89) and the Montreal Cognitive Assessment (MoCA90) 

respectively. As previous RT studies have shown that RT can vary significantly with respect 

to sex, type of task, and sex by task interactions,58,71 we analyzed the data separately for 

males and females in order to determine any specific relationship between sex, RT, and 

levels of autistic traits. As autistic people disproportionately experience anxiety and 

depression compared to their non-autistic counterparts,23,38,76,91 we also administered the 

Beck Depression and the Beck Anxiety Inventories (BDI and BAI)92,93. 
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Methods

Participants

We recruited community-dwelling older adults (n = 76, males = 25, females = 51; 

mean age = 65.0 years; range = 50 - 78) using opportunistic sampling using the Older Adults

Research Participant Database at Swansea University, University wide emails, and various 

community outreach events in order to increase the diversity of our sample (e.g., those who 

do not have access to/use the internet). Inclusion criteria included self-reported fair general 

health, fluency in English language, normal or corrected-to-normal vision and hearing, and 

the physical ability to perform the tasks. Exclusion criteria included past visits to their general

practitioner or memory services regarding concerns about memory, clinically significant 

neurological, psychiatric, or medical conditions, psychoactive/neuroleptic drug use, history of

serious head injury, and current or previous substance or alcohol dependency. We did not 

control for the use of prescribed and non-prescribed medication. We invited participants by 

email or letter to attend the Department of Psychology for an appointment of around 2.5 

hours, which included frequent breaks. Data were collected as part of a larger research 

project assessing cognitive abilities and autistic traits in a large cohort of older adults, with 

male and female participants matched where possible with respect to age, educational level,

and general cognition (MoCA score) prior to analysis. All inclusion and exclusion criteria for 

the larger project were as above.

Materials

Autism Spectrum Quotient

The Autism Spectrum Quotient (AQ-5086) is a paper-based questionnaire providing a 

self-reported measure of levels of autistic traits, including 50 questions assessing social skill,

attention switching, attention to detail, communication, and imagination. Participants were 

asked to rate their level of agreement with items such as ‘I prefer to do things with others 

rather than on my own’ on a 4-point scale from ‘definitely agree’ to ‘definitely disagree’. 
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Participants were scored with one point for each item when they endorsed a behavior 

associated with autism either mildly or strongly (e.g., ‘strongly disagree’ or ‘disagree’ in 

response to the item ‘I can easily keep track of several different people’s conversations’). 

Test-retest reliability for the AQ-50 is reported at r = .7. 86

The Trail Making Test (TMT) 

Trails A and B.87 The Trails A and B paper-based test was administered as a 

measure of executive function-related speed of processing, attention, and cognitive 

flexibility.94,95 Trails A is a one-trial task commonly described as probing information 

processing speed in relation to attention, visual scanning/search, number recognition, 

numeric sequencing, and motor speed. Trails B, another one-trial task, is typically described 

as exploring the efficiency of set-shifting, mental flexibility, executive function, divided 

attention, attention switching and shifting, visual search set shifting, simultaneous 

maintenance of two sequences, working memory and cognitive flexibility. For Trails A, 

participants were asked to draw one continuous line joining a series of circled numbers in 

ascending order as quickly but as accurately as possible. The circled numbers were printed 

at random locations on an A4 sheet of paper, such that participants had to search for the 

next number in the sequence in order to join them. For Trails B, participants were asked to 

draw one continuous line joining a series of alternating circled numbers and letters in 

ascending and alphabetical order (A -> 1 -> B -> 2, etc.) as quickly but as accurately as 

possible. Again, the circled numbers and letters were printed at random locations. For each 

trail, the experimenter immediately indicated to the participant if they made a mistake, asking

the participant to rectify the mistake before continuing. Brief practice trials were provided for 

both trails A and B. The dependent variable was time taken in seconds to complete each trail

(note that this included any time taken to rectify errors). Test-retest reliability of the TMT A 

and B have been reported at 0.81 and 0.86 respectively.96
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Visual Search

A computer-based visual search task was used.88 Participants were seated ~60cm 

away from the computer screen. All trials included either a left- or right- pointing white target 

arrow on a black background (see Figure 1). 

[Figure 1 about here]

Participants were instructed to fixate on the center cross before each trial, and then 

to respond as quickly but as accurately as possible to whether the target was pointing to the 

right or left using the keyboard (right hand on key L to answer “right”, or left hand on key A to

answer “left”). A clock-face configuration was used to position the target, both when it 

appeared alone and when surrounded by distracters (seven white arrows which pointed up 

or down), in a counterbalanced arrangement to eliminate differences in processing between 

the right, left, upper, and lower visual fields. Sixty-four trials were presented, with the target 

appearing 8 times at each of the possible ‘clock-face’ locations. Distracters were present 

with the target in the other locations for the distracter-present trials, and for the other half of 

the trials no distracters were present (target only). For each trial, the central fixation cross 

appeared for 1000ms, followed by the target (with or without distracters), which remained on 

screen until the participant responded. Ten practice trials were completed before the test 

began. Responses were eliminated if they were incorrect, or obviously due to a 

disturbance/lapse of concentration (e.g., responses with an RT below 150 ms, i.e., faster 

than ‘natural’ reaction time therefore representing the pre-empting of the stimulus). For each 

participant, the median time (information processing speed) taken to respond for the target 

alone and the target plus distracter trials was determined, and group mean data produced. 

Individual and group mean errors were also calculated. 

Montreal Cognitive Assessment (MoCA)

The paper-based MoCA90 provided an index of general cognitive functioning. The 

MoCA is a 30-item experimenter-administered cognitive screening tool measuring short-term
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and working memory, visuospatial ability, executive function, language, attention, 

concentration, abstract reasoning, and orientation to time and place. Typical cognitive 

function is indicated by a raw score of at least 26/30. The MoCA has also been found to be a

more sensitive screening tool for cognitive abilities in autistic older adults, compared to other

measures such as the MMSE.97 Internal consistency for the MoCA has been found to be 

α=0.84.98

Cognitive Change Index (CCI)

The CCI (self-report89) is a paper-based questionnaire consisting of 20 items 

regarding perceptions of one’s own memory, executive function, and language abilities. 

Participants were asked to consider their cognitive function compared to the previous five 

years when rating each item on a 1 to 5 Likert scale (1 = no change or typical ability, 5 = 

much worse or severe problem) for items such as ‘recalling information when I really try’, 

‘focusing on goals and carrying out a plan’, and ‘understanding conversations’. A higher total

score indicates greater feelings of subjective cognitive decline compared to five years ago 

(reliability at α=.94).99

Beck Anxiety Inventory

The Beck Anxiety Inventory (BAI93) is a measure of self-reported symptoms of 

anxiety spanning the past week. The BAI is a paper-based questionnaire consisting of 21 

items regarding physical and cognitive symptoms of anxiety (e.g., heart pounding, fear of the

worst), which participants rate on a four-point scale ranging from 0 (not at all) to 3 (severely, 

I could barely stand it) in relation to how much they were bothered by each symptom. A 

higher score indicates higher symptoms of anxiety (internal consistency α=.92; test-retest 

reliability = .75).100

Beck Depression Inventory 

The Beck Depression Inventory (BDI92) is a measure of self-reported symptoms of 

depression spanning the past week. The BDI is a paper-based questionnaire consisting of 

21 items regarding cognitive, behavioral, affective, and somatic symptoms of depression 
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which participants rate on a four-point scale ranging from 0 to 3. For example, for the topic of

sadness, choices range from 0 – ‘I do not feel sad’ to 3 – ‘I am so sad and unhappy that I 

can’t stand it’. A higher score indicates higher levels of depression symptoms (internal 

consistency α=.85).92

Procedure

We collected demographic data using questionnaires sent to participants by post 

prior to the study, including date of birth, sex1, current and/or previous occupation/s, formal 

qualifications, as well as the AQ. The remainder of the measures were assessed during the 

study appointment. Tasks were administered in fixed order alongside other tasks not 

described here as part of a larger research project (including the Empathizing and 

Systemizing Quotients, a task measuring visual and spatial abilities, Wide Range 

Achievement Test (WRAT) math task, block design task, and a measure of intuitive physics).

In total, participants completed a neuropsychological test battery consisting of 14 tasks 

lasting approximately 2 hours, intersected by a break. The measures reportedin this paper 

were administered in the following order: MoCA, Trails A & B, Visual Search, BAI, BDI, CCI, 

with a minimum of one break in the middle of the appointment (more if requested by the 

participant). All participants were tested individually. At the end of the session, individuals 

were debriefed with respect to their participation. 

Ethics statement

The study was ethically approved by the Department of Psychology Ethics 

Committee at Swansea University. All participants gave written informed consent, were free 

to withdraw at will and at any time, and were fully debriefed after participation.

1  This study requested participant sex in an initial questionnaire (i.e., gender was not specified as a 
separate question). However, responses were free-text such that participants could write their preferred 
response, with all participants writing male/female/man/woman etc, and none identifying with a gender different 
to their sex assigned at birth.
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Statistical Analysis

Statistical analysis was conducted using IBM SPSS Statistics Version 28.0.1.1. For 

Trails B, one participant’s score was removed as an extreme outlier as identified by Shapiro-

Wilk analysis. Pearson product-moment correlation was used to determine the strength and 

direction of a linear relationship between variables (AQ, TMT: A, TMT: B, Visual Search: 

Target alone, Visual Search: Target plus distractor, MoCA, CCI, BAI, and BDI). Linear 

regression analysis was used to (a) determine whether the linear regression between two 

variables was statistically significant; (b) determine how much of the variation in the 

dependent variable was explained by the independent variable; (c) understand the direction 

and magnitude of any relationship; and (d) predict values of the dependent variables based 

on different values of the independent variable. Independent-samples t-tests were used to 

determine if a significant difference existed between the means of two independent groups 

(males and females).
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Results

During recruitment we ensured that male and female participants were matched at 

the group level where possible with respect to age, educational level, and general cognition. 

Despite our efforts2, more females than males were recruited. Nevertheless, independent t-

test analyses confirmed that there were no significant differences between men and women 

for mean age (p = .121), years in education (p = .636), MoCA (p = .109) CCI (p = .724), BDI 

(p = .255), or BAI (p = .118; see Table 1). However, AQ score was significantly greater for 

males than females (p = .026).   

[Table 1. about here]

Autism Spectrum Quotient (AQ) correlations

AQ score was not correlated with age, years in education, MoCA, CCI, BDI, or BAI 

scores across the entire sample (see Table 2), nor when analyzing the data separately 

between the sexes (all ps > .05, see Table 3). 

Trail Making Test (TMT) 

Trails A

Slower Trails A RT was significantly correlated with a higher AQ score, with AQ 

accounting for 12.3% of the variation in RT, R2=.123 with adjusted R2 = 11.1%, (F (1,72) = 

10.089, p =.002; medium effect size101–103). Slower Trails A RT was also significantly 

correlated with older age, with age accounting for 6.6% of the variation in RT, R2 = .066 with 

adjusted R2 = 5.4% (F (1,74) = 5.25, p = .025), but was not significantly correlated with any 

other factors (see Table 2, and see Supplementary Information for all box plots). 

Males. For males, Trails A RT did not significantly correlate with AQ, age, MoCA, 

CCI, BDI, or BAI, but faster RTs on Trails A were related to having more years of education, 

2 Recruitment to the Dementia Research Group Older Adults Participant database involved a wide 
range of community outreach activities in order to try and reach older adults from varied backgrounds, including 
aiming to reach those with lower socio-economic status, and males (as females tend to participate in ageing and 
psychological research to a greater extent). For example, researchers attended community groups in-person, in 
order to ensure that those not using the internet had a fair chance at participation. 
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accounting for 19.5% of the variation in RT, R2 = .195 with adjusted R2 = 16%, (medium 

effect size); (F(1, 23) = 5.58, p = .027, see Table 3).

Females. Slower Trails A RT was significantly related to higher AQ scores, 

accounting for 11.6% variation in RT (Trails A) R2 = .116, adjusted R2 = .097; F(1,47) = 6.18, 

p = .017. Trails A was not significantly correlated with any other factors (see Table 3). 

Trails B

Trails B RT was not significantly correlated with AQ, but slower responses were 

associated with older age (as for Trails A), with age accounting for 8.9% of the variation in 

RT, R2 = .089 with adjusted R2  = 7.7% (F(1,74) = 7.14, p = .009). A higher CCI score (i.e., 

greater degree of subjective cognitive decline)was also significantly related to slower Trails B

RT, with CCI accounting for 2.6% of the variation in Trails B RT, R2 = .026 with adjusted R2 

=1.2% (F (1,73) = 1.91, p = .171). None of the correlations between Trails B RT and other 

factors were significant (see Table 2). 

Males. Trails B RT was not significantly correlated for males with any other variable 

(see Table 3).

Females. Slower Trails B RT was significantly related to older age, accounting for 

12.9% of the variation in Trails B RT, R2 = .129, adjusted R2 = 11.1% (moderate effect size; 

F (1,48) = 7.09, p = .010). In addition, slower RTs were related to higher CCI scores, 

accounting for 9.1% of the variation in Trails B RT, R2 = .091, adjusted R2 = 7.2%, small 

effect size; F(1,48) = 4.81, p = .033). Finally, higher BDI scores (i.e., greater degree of 

depression symptomology) was related to slower RTs, accounting for 8.4% of the variation in

Trails B RT, R2 = .084, adjusted R2 = 6.5%, small to medium effect size; F(1,48) = 4.41, p 

= .041). None of the other correlations were significant (see Table 3).

Independent t-test analyses revealed that overall, there were no significant 

differences between males and females for Trails A RT (t (74) = 1.31, p = .193, 95% CI, 
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lower = -1.52, upper = 7.42) or for Trails B (t (73) = 1.24, p = .219: 95% CI, lower = -4.62, 

upper = 19.14). 

Visual Search Reaction time (RT)

The visual search reaction time data was examined for the target alone condition and

the target plus distractor condition.

Target alone condition

Target alone RTs, and the Intraindividual variability of RT (IIV), were not related to 

any factors for the entire sample (see Table 2), nor for males and females analysed 

separately (see Table 3).

Target plus distractor condition

A slower RT for the target plus distracter condition was significantly related to older 

age, accounting for 14.9% of the variation in RT, (F(1, 74) = 13.00, p < .001), R2 = .149; 

adjusted R2 = 13.8%, with a higher MoCA score (i.e., poorer objective cognitive functioning), 

accounting for 7.9% of the variation in RT, (F(1, 74) = 6.38, p = .014), R2 = .079, 

adjusted R2 = 6.7%), and with a higher CCI score, accounting for 5.4% of the variation in 

RT F(1, 73) = 4.14, p = .046, R2 = .054, adjusted R2 = 4.1%. IIV was not significantly 

correlated with any factors (see Table 2). 

Males. Slower target plus distractor RT was significantly correlated with older age, 

accounting for 29.9% of the variation in RT, (F (1, 23) = 9.80, p = .005), R2 = .299, 

adjusted R2 = 26.8%, and higher BAI scores (i.e., greater degree of anxiety symptomology), 

accounting for 36.9% of the variation in RT, (F(1, 23) = 13.44, p = .001), R2 = .369, 

adjusted R2 = 34.1%). None of the other correlations were significant (see Table 3). 

Females. Slower target plus distracter RT was significantly correlated with age, 

accounting for 12.5% of the variation in RT, (F (1, 49) = 7.00, p = .011), R2 = .125, 

adjusted R2 = 10.7% variation). In addition, slower RTs were related to lower scores on the 
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MoCA, accounting for 8.6% of the variation in RT, (F (1,49) = 0.62, p = .037), R2 = .609, 

adjusted R2 = 6.7% variation.

Independent t-test analyses revealed no significant difference between males and 

females for Target alone RT (t (74) = -.259, p= .796, 95% CI lower = -.09, upper = .07) or for 

Target plus distracter RT (t (74) = -.130, p = .897, 95% CI lower = -.18, upper = .15). Finally, 

there were no significant differences between males and females for the number of errors for

either the target alone (t (74) = -.872, p = .386, 95% CI lower = -.81, upper = .32), or the 

target plus distracters (t (74) = 0.00, p = 1.0, 95% CI lower = -.92, upper = .92) conditions.

[Table 2. about here]

[Table 3. about here]
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Discussion

To date, there has been little investigation into the relationship between autistic trait 

level and behavioral reaction time (RT) in older adults. Studies conducted so far indicate 

significant outcome heterogeneity, rendering it difficult to determine trajectories of age-

related stability or decline in relation to levels of autistic traits. This is particularly relevant in 

relation to the RT measures used in diagnostic test batteries for conditions such as MCI and 

dementia, as well as for the production of normative datasets for such tests. In this study we 

therefore examined the relationship between older adults’ RTs (using trail making and visual 

search tests in order to examine the effect task type may have on RT performance with tests

typically used in clinical practice), and levels of autistic traits. Furthermore, to investigate the 

potential influence of other factors on RT, we also examined RT and autistic traits in relation 

to age, sex, educational level, cognition (MoCA score), perceived cognitive change (CCI), 

anxiety (BAI), and depression (BDI). 

Our results indicate one confirmatory and two main findings. Firstly, we replicated the

well-established finding that males score significantly higher than females on the AQ.86 

Secondly, AQ score was significantly correlated with Trails A RT, although once the group 

was split by sex, this correlation only remained for the females. Thirdly, there was no 

significant correlation between visual search RTs and AQ, although RTs on the different 

tasks were related to other demographic and mental health factors, depending on sex. 

These main findings are discussed in turn below.

Firstly, slower responses on Trails A were associated with both older age and higher 

AQ. However, when split by sex, slower Trails A RTs were related to lower levels of 

education in men, whereas in females, the relationship with higher AQ remained. In addition,

poorer performance on Trails B was related to older age and higher levels of SCD, but these

correlations only remained for the females when analyzing by sex. 

These findings suggest that the impact of autistic traits on RT in ageing may be 

different depending on sex, as well as task. These results highlight the importance of 
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considering sex when analyzing the impact of autism and/or levels of autistic traits on typical 

ageing, as well as ageing with cognitive impairment such as dementia.104 This is particularly 

relevant to ageing research, where the extent to which autistic traits influence age-related 

cognitive change is under-researched. Therefore, different conclusions about the role of 

autistic traits in RT performance could be drawn based on the distribution of participant sex 

and the RT tasks used, contributing to study outcome heterogeneity. 

The findings may also indicate evidence for the Female Protective Effect theory 

(FPE105), whereby it is proposed that females can withstand a larger ‘etiological load’ 

compared to males before they will necessarily meet threshold for an autism diagnosis (see 

also)104,106,107. The FPE posits that autistic females will generally have a higher degree of 

brain changes compared to their male counterparts before exhibiting a similar level of 

autism-related behavioral similarities. In terms of the current findings, it could be the case 

that the older males with higher levels of autistic traits are not disadvantaged in terms of their

performance on cognitive tasks measuring RT (i.e., Trails A), whereas older females with 

higher levels of autistic traits may be at a disadvantage on such tasks.

Previous research has shown that men are twice as likely to report SCD than 

women.108 In contrast, Klein et al. 28 found that subjective cognitive decline may be more 

likely in autistic females (although this finding was not statistically significant), and also found

an association between higher levels of autistic traits and greater likelihood of SCD. Our 

findings may somewhat support this, in that older females with higher levels of autistic traits 

showed poorer performance on a RT tasks (although it should be noted that sex-group 

differences were not found), and poorer objective cognitive function (Trails B) was related to 

higher SCD, indicating that the females in the current study may have been more aware of 

their own cognitive challenges. Future research should endeavor to further examine the 

current findings, which indicate that the impact of sex on SCD in the general population 

(more common in males), may be reversed in those with higher levels of autistic traits.28 
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For the visual search RT task, no sex-group differences were found for RTs, nor their

intraindividual variability, across any of the conditions. In addition, RTs when the target was 

presented without distracters were not related to any other variables. However, when the 

target was presented alongside distracters, faster RTs were related to younger age, better 

objective cognitive ability (as measured by the MoCA), and lower SCD. Faster RTs were 

associated with younger age for both males and females, whilst for men, faster RTs were 

also related to lower anxiety scores, and for females, only the relationship between faster 

RTs and objective cognitive ability (MoCA) remained. This pattern of results is in line with 

previous findings of specific interactions between RT, demographic factors, sex, and RT task

in general populations,109.

Some evidence indicates that older autistic adults may have a specific deficit in 

processing speed (e.g., 8,110; but see 10). However, such findings are limited and mixed. 

Indeed, although Davids et al.12 found that autistic adults aged >50 displayed generally 

reduced processing speed during complex executive functioning tasks, this was not 

associated with executive performance (flexibility, fluency, planning). Our findings do not 

indicate a clear relationship between levels of autistic traits in an older adult sample and 

RTs, although they do indicate varied relationships dependent on sex and task. Such 

outcome variation could also be explained, at least in part, by the association between Trails

A and B performance and different aspects of brain processing,111 which may also, 

depending upon task, be variably associated with levels of autistic traits.  

Limitations and Future Directions

Giving instructions to answer ‘as quickly but as accurately as possible’ may influence 

outcome (i.e., it is unclear to what extent there may be individual differences in the relative 

weights that participants allocate to their speed vs. their accuracy on a given task).112 

Additionally, it has been suggested that socially-provided task instructions can impair autistic

adults’ ability to monitor and respond to their own performance on some cognitive tasks.113,114
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It is worth considering that autistic people may perform more optimally under non-socially-

delivered instruction, such as online. Future studies could investigate this further in autistic 

and non-autistic older adults, delivering clinically relevant cognitive functioning tasks with 

traditional, clinician-delivered methods vs. delivered using technology. 

It is also possible that the apparent interaction between RTs and autistic trait level 

may be related at least in part to responses to the test situation (e.g., which test is used, and

which is administered first), procedure, and environment, and the cognitive processing 

resources involved in the test, which may be variably affected by levels of autistic traits. 

Clearly, further research is necessary to determine whether these results can be replicated, 

especially with different RT tests, and in populations specifically selected for having high 

levels of autistic traits. Further clinical studies are also needed to determine how meaningful 

such RT data and other aspects of cognitive function are in terms of clinical assessment and

diagnosis, and what constitutes ‘cognitively normal ageing’ for older adults on the autism 

spectrum. Finally, longitudinal studies are required to determine whether SCD is indicative of

dementia or has some other aetiology.

Conclusions

Our findings therefore contribute to the currently mixed results regarding the impact 

of ageing with autism, or with higher levels of autistic traits, on RT,12,13,15,20,31,33,62,75,81–83 but are 

novel in that they provide some suggestions as to why RT study outcomes in normal and 

atypical ageing are so heterogenous, and the implications of this for those ageing with 

autism or high levels of autistic traits. Indeed, any significant relationship between the level 

of autistic traits and reaction time may have implications for the interpretation of test results 

used in a clinical setting (e.g., dementia diagnosis). Our findings partially support the 

suggestion that some aspects of cognitive decline in ageing may be steeper for older adults 

with higher levels of autistic traits,4,10,28,34 but also highlight that the impact may be different 

depending on sex, with poorer RT performance on some tasks for females in particular. The 

findings therefore have important implications for the autism community, in that they show 
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how testing for cognitive decline in older age may need to take autism diagnostic status and 

levels of autistic traits into consideration when making a judgement regarding diagnosis of 

conditions such as Mild Cognitive Impairment and dementia. 

Our results may also be of relevance to the use of normative data (for the Trails A 

test in particular), for which the potential influence of autistic trait level may not have been 

taken into account. The results also have implications for the use of the Trails A in studies of 

RT, the output of which could vary between studies involving different numbers of female 

participants and their autistic trait level. As anxiety, depression, and cognitive ability are 

already being taken into account when measuring RT, autistic traits should also be 

considered.
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Tables

Table 1. Minimum, Maximum, and Group mean, standard deviation and range for age, years in education, scores for the AQ, MoCA, CCI, BDI and BAI tests; Reaction
time (RT, in seconds) and number of errors, for the Visual Search Test (Target alone and Target plus distracter conditions) and RT (in seconds) for the TMT (Trails A and 
Trails B). 

Measure (total N, male and female n)

Group descriptive statistics (M (SD),

range)

Females descriptive statistics (M (SD),

range)

Males descriptive statistics (M (SD),

range)

Age in years (N = 76; m = 25, f = 51) 65.04 (6.77), range = 50.00-78.00 64.20 (6.87), range = 50.00-77.00 66.76 (6.34), range = 51.00-78.00

Years in Education (N = 75; m = 25, f = 50) 15.36 (2.82), range = 10.00-22.50 15.25 (2.96) range = 10-22.50 15.58 (2.56), range = 10.00-20.00

MoCA score (N = 76; m = 25, f = 51) 27.95 (1.93), range = 22.00-30.00 28.20 (1.92), range = 22.00-30.00 27.44 (1.89), range = 24.00-30.00

CCI score (N = 76; m = 25, f = 51) 13.53 (12.42), range = 0.00-67.00 13.88 (12.93), range = 0.00-67.00 12.80 (11.55), range = 0.00-41.00

BDI score (N = 76; m = 25, f = 51) 5.82 (4.99), range = 0.00-20.00 6.27 (5.44), range = 0.00-20.00 4.88 (3.85), range = 0.00-12.00

BAI score (N = 75; m = 25, f = 50) 4.79 (4.48), range = 0.00-24.00 5.36 (4.81), range = 0.00-24.00 3.64 (3.56), range = 0.00-13.00

AQ score (N = 74; m = 25, f = 49) 18.70 (6.85), range = 6.00-36.00 17.45 (6.76), range = 6.00-36.00 21.16 (6.47), range = 11.00-34.00

Trials A RT (N = 76; m = 25, f = 51) 33.05 (9.24), range = 15.00-61.10 32.08 (8.71), range = 15.00-55.00 35.03 (10.13), range = 16.00-61.10

Trails B RT (N = 75; m = 25, f = 51) 73.25 (25.14), range = 31.00-154.00 70.72 (26.46), range = 31.00-154.00 78.32 (21.89), range = 43.00-124.10
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Table 2. Correlations between demographic factors and all measures.

Age Years in 

Education

AQ TMT A TMT B Distractor 

Absent

Distractor_ 

Present

MoCA CCI BAI BDI

Age -.237* .164 .257* .298** .149 .386** -.310** .331** -.113 -.076

Years in Education .022 -.212 -.187 -.018 -.139 .000 .010 -.113 .082

AQ .351** .148 -.002 -.015 -.166 .069 -.116 .099

TMT A .389** .320** .247* -.054 .140 -.101 .072

TMT B .253* .333** -.159 .245* .047 .198

Distractor Absent .784** -.146 .068 .028 .127

Distractor Present -.282* .226 .101 .064

MoCA -.262* -.175 .024

CCI .204 .430**

BAI .263*

BDI

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).
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Table 3. Correlations between demographic factors and all measures. Results for females are presented above the diagonal; results for males are presented 

below the diagonal

Age Years in 

Education

AQ TMT A TMT B Distractor 

Absent 

Distractor 

Present 

MoCA CCI BAI BDI

Age -.213 .197 .267 .359* .165 .354* -.270 .378** -.221 -.109

Years in Education -.341 -.038 -.118 -.138 .007 -.078 .085 .070 -.047 .116

AQ -.029 .129 .341* .153 -.022 -.062 -.020 .170 .007 .201

TMT A .182 -.442* .296 .321* .365** .252 .040 .167 -.132 .080

TMT B .068 -.369 .028 .507** .231 .366** -.228 .302* .040 .290*

Distractor Absent .141 -.123 .126 .286 .420* .822** -.137 .023 -.046 .082

Distractor Present .547** -.352 .153 .277 .237 .593** -.294* .215 -.030 .029

MoCA -.324 -.162 -.336 -.147 .093 -.251 -.292 -.228 -.291* .033

CCI .258 -.145 -.130 .113 .122 .268 .264 -.386 .105 .355*

BAI .336 -.267 -.269 .055 .189 .396 .607** -.062 .500* .187

BDI .122 .007 -.039 .137 -.021 .365 .205 -.101 .678** .474*

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Figure Legends

Figure 1. Computer-based visual search task
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