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Abstract

Background: The integrity and connectivity of the frontal lobe, which subserves fluency, may be 

compromised by both ASD and aging. Alternate networks often integrate to help compensate for 

compromised functions during aging. We used network analyses to study how compensation may 

overcome age-related compromised in individuals with ASD.

Method: Participants consisted of middle-aged (40–60; n=24) or young (18–25; n=18) right-

handed males who have a diagnosis of ASD, and age- and IQ-matched control participants (n=20, 

14, respectively). All performed tests of language and executive functioning and a fluency 

functional MRI task. We first used group individual component analysis (ICA) for each of the 4 

groups to determine whether different networks were engaged. An SPM analysis was used to 

compare activity detected in the network nodes from the ICA analyses.

Results: The individuals with ASD performed more slowly on two cognitive tasks (Stroop word 

reading and Trailmaking Part A). The 4 groups engaged different networks during the fluency 

fMRI task despite equivalent performance. Comparisons of specific regions within these networks 

indicated younger individuals had greater engagement of the thalamus and supplementary speech 

area, while older adults engaged the superior temporal gyrus. Individuals with ASD did not 

disengage from the Default Mode Network during word generation.

Conclusion: Interactions between diagnosis and aging were not found in this study of young and 

middle-aged men, but evidence for differential engagement of compensatory networks was 

observed.
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Introduction

Individuals diagnosed with Autism Spectrum Disorder (ASD) often experience impairments 

in language functioning, ranging from non-verbalism to difficulty with semantic 

comprehension. Impairments in the language domain result in marked difficulty with 

communication and social interaction. Problems with verbal fluency may be part of a 

constellation of executive functions linked to other common symptoms of ASD, such as 

repetitive, restricted behaviors and interests (RRBI;(Turner, 1999). Studies of verbal fluency 

in ASD have shown mixed results, with some studies reporting impairments (Ambery, 

Russell, Perry, Morris, & Murphy, 2006; Bramham et al., 2009; Spek, Schatorjé, Scholte, & 

van Berckelaer-Onnes, 2009) while others have not (Brady et al., 2017). Geurts and Vissers 

(2012) compared verbal fluency in older adults with ASD and older NT adults, and found 

only marginal between-group differences, while verbal fluency in only the NT group showed 

a strong negative relationship with age. As with other studies, their study focused on tests 

emphasizing executive functioning because this cognitive domain shows more prominent 

age- and ASD-related declines, and the frontal lobe subserving executive functioning is 

affected by both aging and ASD. To date, few studies have studied older individuals with 

ASD (Alaerts et al., 2015; Braden et al., 2017; Davids et al, 2016; Farrant & Uddin, 2016; 

Geurts & Vissers, 2012; Lever & Guerts, 2016, Koolschijn, Caan, Teeuw, Olabarriaga, & 

Geurts, 2017, Powell et al, 2017), but the extensive literature regarding aging effects on 

cognition in normal aging points to a general negative effect that is most prominent for 

executive functioning, including fluency, cognitive flexibility, and processing speed (Park et 

al., 2002) even after risk for dementia is controlled for (Barnes et al., 2003).

Magnetic resonance imaging (MRI) studies of regional changes in brain volume indicate that 

a steady decline associated with normal aging, especially in the frontal and parietal lobes 

and the hippocampal region (Raz et al., 2005). White matter decline follows a similar pattern 

and can be observed as early as the 5th decade (Sexton et al., 2014). Studies of brain 

structural differences in individuals with ASD have implicated changes in frontal lobe 

structure, long-range connections, and frontal lobe connectivity (Catani et al., 2008; Di 

Martino et al., 2014; Hadjikhani, Joseph, Snyder, & Tager-Flusberg, 2006). Although 

individuals with ASD may have frontal lobe vulnerabilities different from those associated 

with aging, it is possible that aging may exacerbate these ASD-related vulnerabilities, 

resulting in more noticeable differences in cognitive functioning, as well as greater 

difficulties compensating for age-related changes (Braden et al., 2017; Park & Reuter-

Lorenz, 2009)

Fluency is dependent upon an area in the left inferior frontal gyrus (LIFG), also referred to 

as “Broca’s area” or Brodmann area 44. Word generation tasks are often used to investigate 

frontal lobe integrity in many conditions that affect the frontal lobe, including ASD 

(Kenworthy et al., 2013). In a study of adolescent and young adults, Kenworthy et al. (2013) 

investigated the neural correlates of automatic speech, several fluency, and switching tasks 

in well-matched groups of ASD and NT individuals. A complex pattern of group differences 

in brain activity was observed, such that the individuals with ASD showed decreased blood-

oxygen-level dependent (BOLD) contrast compared to the NT group in several frontal 

cortical regions, including the LIFG and middle frontal gyri as well as bilateral thalamus and 
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putamen, and cerebellar regions during fluency tasks. However, in a different region of the 

LIFG, they found an increase in brain activity for individuals with ASD (Kenworthy et al., 

2013). These and other findings suggest that word generation, which requires flexible and 

effortful processing, differentially recruits neural networks that are integrating functions to 

perform the task. We sought to investigate the effects of age and ASD on networks activated 

during word generation by comparing activation patterns during a word generation task in 

young and middle-aged adults with ASD with age- and IQ-matched NTs. We utilized a 

phonemic fluency fMRI task, rather than a semantic fluency task, because phonemic fluency 

relies on frontal systems while semantic memory tasks engage the temporal lobe (Biesbroek 

et al., 2016). We hypothesized that older adults with ASD would show greater decline in 

frontal lobe activity than their age-matched counterparts, due to the additive effects of ASD 

and aging.

Similar to the findings described above, compensatory increases in neural activity in ASD 

(Kenworthy et al., 2013), there is evidence for compensatory increases during some tasks in 

the elderly. This finding has been reported primarily for verbal working memory tasks, and 

is characterized by a change from more focal left prefrontal activation in younger adults to 

increased bilateral engagement in older adults when performance is maintained (Cabeza, 

Anderson, Locantore, & McIntosh, 2002; Rosen et al., 2002; Stebbins et al., 2002). In order 

to capture the effects of ASD or aging on neural network engagement during word 

generation, we first used group independent component analysis (ICA) separately on the 

young and middle-aged ASDs and their matched NT groups. Given our prediction that 

compensation based on age or diagnostic group will result in group differences, separate 

group ICA helps minimize heterogeneity of variance and will help to capture any network 

that may be represented in just one of the groups. After identifying all of the networks 

significantly involved in performing the task, the brain activity within these circuits was then 

statistically assessed for interactions between age and diagnosis. By assessing both cognitive 

and fMRI brain activation patterns in younger and older adults, we extend the literature 

regarding the effects of aging and possible ways this “double jeopardy” (Geurts & Vissers, 

2012) predicts long term outcome for individuals with ASD.

Methods

Participants

We assessed behavioral and neuroimaging data from 4 groups: middle-aged (40–60 year old) 

and young (18–25) male adults with a diagnosis of ASD and age- and IQ-matched controls. 

Our sample consisted of 24 middle-aged individuals with ASD (M = 53, SD = 8) and 20 NT 

(M = 50, SD = 7) men and 18 young men with ASD (M = 21, SD = 3) and 14 NT (M = 21, 

SD = 3). Participants with ASD were recruited primarily from the Southwest Autism 

Research and Resource Center (SARRC) as well as from community organizations. 

Recruitment of age- and IQ-matched NT participants was done via the local community. All 

ASD participants met DSM 5 criteria for the disorder (American Psychiatric Association, 

2000, 2013) either by history or current presentation. Symptoms were confirmed with the 

Autism Diagnostic Observation Schedule-2, module 4 [ADOS-2, (Lord, DiLavore, & 

Gotham, 2012)] which was administered by a research reliable rater. The average age of 
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diagnosis was reported for most participants. Diagnosis age for middle-aged men was 38 

years (SD = 17 years; range: 3–60, n = 19) and for the young adults was 14 years (SD = 7 

years; range 3 – 23; n = 12). The NT group participants had no first degree relative with 

ASD and a negative screen for ASD symptoms using the Social Responsiveness Scale 

[SRS-2; (Constantino & Gruber, 2012)]. IQ was estimated with the Kaufman Brief 

Intelligence Test 2nd edition (Kaufman & Kaufman, 2004). To screen for cognitive disorder 

prior to full neuropsychological testing, we required a score 26 on the Mini Mental State 

Exam (Folstein, Folstein, & McHugh, 1975), and no reported history of neurological illness 

such as stroke, traumatic brain injury, or loss of consciousness. A small percentage of the 

ASD participants had experienced a single childhood seizure (4%), but none continued to 

experience seizures in adulthood nor took seizure medication. While NT participants were 

excluded if they had a history of psychiatric disorders like depression or anxiety, we did not 

exclude presence of history of depression or anxiety in ASD participants due to the common 

comorbidity of ASD and these disorders. Anxiety or depression medications were used by 

31% of the ASD participants. Current symptoms of depression and anxiety were identified 

through self-report Beck Depression Inventory-II and State-Trait Anxiety Inventory, 

respectively (Beck, Steer, & Brown, 1996; Spielberger, 2010). Presence of depression/

anxiety medication was assessed to determine if there were any differences in performance 

in the ASD group, and none were observed (all p’s >.30). No participants had current or past 

history of other major psychiatric diagnoses such as schizophrenia or bipolar disorder. All 

participants provided informed consent approved by the Institutional Review Boards of both 

institutions (Barrow Neurological Institute and Southwest Autism Resource and Research 

Center). All work was carried out in accordance with the ethical standards of the responsible 

committee on human experimentation (institutional and national) and with the Declaration 

of Helsinki as revised in 2000.

Cognitive Tests

Language and other cognitive abilities were assessed via commonly used 

neuropsychological tests on the same day as the MRI. The Controlled Oral Word 

Association Test (Benton, Hamsher, & Sivan, 1994) was given to assess phonemic fluency. 

The COWAT measures the number of words generated that begin with a specified letter 

within a one minute time frame and a total from three letter trials (C, F, and L) is computed. 

We assessed semantic fluency with Animal Naming (number of animals in one minute). We 

estimated basic verbal processing speed using the word reading trial of the Stroop task 

which requires the participant to read the words “red”, “green” or “blue” presented 

randomly in columns as quickly as they can in 45 seconds. Another nonverbal processing 

task was the Trail-making task, Part A, in which participants drew a line along a consecutive 

series of numbers that are scattered on the page. General verbal knowledge was estimated 

using the Vocabulary subtest from the Wechsler Adult Intelligence Scale- III (Wechsler, 

1997).

MRI parameters

All participants were scanned on the same 3-Tesla Philips Ingenia MRI scanner. We 

acclimated participants to the MRI environment if necessary to minimize anxiety-related 

motion. The scans used in this analysis were collected as part of a larger battery of 

Baxter et al. Page 4

Res Autism Spectr Disord. Author manuscript; available in PMC 2020 June 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



functional and structural scans. FMRI scans were collected in a counterbalanced order. We 

collected a T1-weighted anatomical scan (3D magnetization prepared rapid acquisition 

gradient echo [MPRAGE], 256 × 256 in-plane resolution, 240 mm field of view (FOV); 170 

sagittal slices, 1.2 mm thick). Gradient-echo EPIs were collected to map blood oxygen-level 

dependent signal for the fluency fMRI task with TE = 25ms, TR = 3,000 ms, flip angle = 80, 

24 mm FOV, 64 × 64 in-plane resolution, with 3 mm-thick axial slices covering the entire 

brain.

The fluency fMRI task was created based on the COWAT fluency test as a covert word 

generation to letter task. Unlike the COWAT that requires generation of words to a letter for 

one minute to determine a maximal ability, the fMRI task uses the blood oxygenation level-

dependent (BOLD) technique that requires brief periods of behavior alternating with a 

“control” condition. As with other studies, (Kenworthy et al., 2013), task performance in 

fMRI does not need to be different between groups in order to see differences in neural 

engagement during the task. Specifically, the participants were instructed to silently think of 

as many words as they could that begin with a specified letter that is presented on the screen 

for 6 seconds. The fMRI task consisted of 5 word generation blocks that showed 2 letters per 

block for 12 second blocks (4 TRs) alternating with baseline blocks in which the word 

“Relax” was presented for 18 seconds, resulting in a total of 60 volumes, for a total task time 

of 3 minutes. Participants performed the task twice, with different letter prompts per task. To 

measure number of words generated and ensure task engagement, participants were 

instructed to press a button on a response box for each word generated during the fluency 

blocks. Responses were recorded via button press using a fiber optic response device 

(Current Designs, Philadelphia, PA). Goggles (Nordic Neurolab, Bergen, Norway) were 

used to present visual prompts. Padding and headphones were used to stabilize the head for 

motion control and noise minimization. The goggles, which are attached to the head coil and 

required a steady gaze to maintain visualization of the stimuli, also helped minimize 

movement.

MRI data processing

The fMRI images were preprocessed using Statistical Parametric Mapping 12 (SPM12; 

Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK) in 

Matlab (MathWorks, Natick, MA). Images were realigned to correct for motion, using a 

least squares approach and a six parameter (rigid body) spatial transformation to the mean 

image and stereotactically normalized to the Montreal Neurological Institute (MNI) template 

by minimizing the sum of squares difference between the linear combination of the original 

and template images. Images were smoothed to 8 mm3 full-width half-maximum Gaussian 

kernel. As previously reported (Braden et al., 2017), using goggles and prepping of the 

participants minimizes motion; SPM realign motion parameters for all participants 

confirmed less than one voxel or one degree of movement in any direction for each fMRI 

scan, thus no further motion-scrubbing steps during ICA steps were taken. Additionally, 

each participants’ scans were visually inspected to confirm no susceptibility distortions and 

no need for field map correction (Braden et al., 2017).
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Data analysis to determine networks contributing to fluency

We performed a two-step data analysis. Since our main interest was to identify how age and 

ASD may affect what networks are engaged to perform a fluency task, we wished to ensure 

that we did not obscure any network engagement that would be present in any individual 

group. Thus, we first used independent component analysis (ICA) on each of the four groups 

separately to visually identify brain regions that contributed to any network engaged in this 

phonemic fluency task. ICA is a data-driven analysis that can identify temporally coherent 

networks underlying fMRI activity (V. Calhoun, Adali, Pearlson, & Pekar, 2001) and has 

been shown to work well in small samples (Celone et al., 2006); (Romero-Rebollar, 

Jiménez-Ángeles, Dragustinovis-Ruiz, & Medina-Bañuelos, 2016). Group ICA was 

performed in Matlab using the GIFT toolbox (Group ICA fMRI Toolbox; GIFT; http://

icatb.sourceforge.net). The procedure is described in Braden et al. (2017). Briefly, spatial 

maps were averaged across both runs of the task. Each voxel from the spatial maps was 

calibrated with a z-score denoting how much the time course contributed to the average time 

course of the component (Beckmann, DeLuca, Devlin, & Smith, 2005). Components were 

first spatially sorted to standard white matter and cerebral spinal fluid masks and disregarded 

from analysis if r2>.02 or r2>.05, respectively (Kim et al., 2009). As previously described 

(Jung et al., 1998), ICA is capable of determining motion components, which are not 

included as final components for analysis (V. D. Calhoun & de Lacy, 2017) As per Pignat et 

al. (2013), we did not apply low- and high-pass filters in order to capture potential frequency 

information that can contribute to component decomposition (Pignat et al., 2013). We 

employed the traditional band-pass filter free ICA approach (Kim et al., 2009). We removed 

all motion-related components and the component associated with finger tapping from 

assessment. Since each resulting component is thought to represent a brain network engaged 

in the task, we will refer to components as “networks”.

Assessing group differences in specific brain regions

As expected, the 4 groups engaged both unique and common networks (see Results and Fig 

1). We performed statistical analyses to compare BOLD signal differences in each of the 

network nodes identified in the ICA analyses using SPM. We first performed individual 

first-level time series analyses to generate images representing the contrast of word 

generation > baseline. These contrast images were entered into a second order, random 

effects analysis. Region of interest data from each of the identified nodes from all of the 

significant ICA networks (see Table 2) were extracted from the SPM analysis using Marsbar 

(Brett, Anton, Valabregue, & Poline, 2002), using a 5 mm sphere from the peak of the 

activation in the group analysis. Statistical group differences from the mean beta value were 

determined using SPSS version 19.

Results

Groups were well-matched and did not differ in estimated IQ across Group or Age, p = .41 

(see Table 1). An independent samples t-test showed that the mean age of young adults with 

ASD did not differ from young NTs, t (30) = 0.40, p =.69, Cohen’s d = 0.14, and the mean 

age of middle-aged adults with ASD did not significantly differ from middle-aged NTs, t 
(42) = −1.19, p = .24, Cohen’s d = 0.36. There was a significant Age effect for education, 
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where older individuals (M = 15.50, SD = 2.49) had more years of education than young (M 
= 13.47, SD = 1.65) individuals, F (1, 68) = 15.91, p < .001, partial eta squared (η2) = 0.96. 

There was also a Group effect for education, where NT (M = 15.29, SD = 2.39) individuals 

had more years of education than adults with ASD (M = 14.12, SD 2.27) individuals, F (1, 

68) = 5.68, p .02, ƞ2 = 0.50. Using education as a covariate in the fMRI analyses did not 

alter the results; the results presented below are without the covariate.

To test for effects of Age and Group on performance of the neuropsychological tests, a series 

of 2 (Age) by 2 (Group) analysis of variance tests were conducted. On the COWAT, there 

were no main effects for Age, F (1, 68) = 2.60, p = .11, η2 = 0.42, or Group F (1,68) = 2.63, 

p = .11, η2 = 0.17. Only a marginally significant interaction effect emerged, F (1, 68) = 3.47, 

p = .07, ƞ2 = 0.05, indicating that the young adults with ASD had a lower mean COWAT 

score than all other groups. There was a main effect of Group on the animals category task, 

F (1, 68) = 4.39, p = .04, ƞ2 = 0.46, where NT individuals (M = 22.85, SD = 4.61) generated 

significantly more animals than adults with ASD (M = 20.45, SD = 5.69). There was no 

main effect of Age, F (1, 68) = 1.60, p = .21, ƞ2= 0.26, and no significant interaction (F = 

0.52, p = .47, ƞ2= 0.01). There was no effect of Group for the WAIS-III Vocabulary subtest, 

F (1, 68) = .009, p = .93, ƞ2= 0.001, however a main effect of Age was found, F (1, 68) = 

3.91, p = .05, ƞ2= 0.49, indicating that older individuals (M = 51.7, SD = 9.95) defined more 

words than younger individuals (M = 46.91, SD = 9.81). The corresponding interaction was 

not significant (F =0.47, p = 0.49). A main effect of Group was found for the Stroop word 

reading task, F (1, 68) = 6.85, p = .01, ƞ2= 0.61, where the NT group (M = 90.35, SD = 

21.81) read significantly more words in the given amount of time than adults with ASD (M 
= 78.30, SD = 17.87). A Group effect was also found for Trailmaking Part A test, F (1,68) = 

2.64, p = .004, ƞ2= 0.74, where NT participants (M = 25.02, SD = 7.02) were significantly 

faster than the adults with ASD (M = 36.09, SD = 19.73). (Please see Table 1 for all 

statistical effects on behavioral measures).

fMRI group analyses

Network connectivity—Four individuals were omitted from the fMRI analyses either due 

to missing data or compromised integrity of the data collected, therefore a total of 72 

individuals (NT: 14 young, 20 middle-aged; ASD: 17 young, 24 middle-aged) were included 

in the analyses for functional connectivity and region activation during the fluency task. The 

behavioral performance during the fMRI word generation task was not significantly different 

across Age, F (1, 68) = 1.27, p = .26, ƞ2= 0.25, or Group, F (1, 68) = .46, p = .70, ƞ2= 0.35.

Using ICA via GIFT, we first identified the networks that were uniquely recruited for each 

of the 4 groups during the word generation blocks of the fMRI fluency task (Fig 1). All four 

groups produced a network that included the left inferior frontal cortex/pars opercularis 

(LIFG) which is a central region involved in expressive language. While all four groups had 

a network with LIFG as a main contributor, the other nodes within this network varied 

somewhat across groups (see Fig 1 and as described below).

The young NT group (Fig 1a) showed two networks significantly correlated with word 

generation. The network that included LIFG (BA 44) also included the supplementary 

speech area (SSA; BA 6), the left angular gyrus and subcortical structures of caudate and 
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thalamus. There was also a network that included bilateral cerebellum (right greater than 

left) and left superior temporal lobe (BA 22). Posterior regions associated with the Default 

Mode Network (DMN) comprised a third network that was significantly related to the 

baseline (rest) condition. Group ICA for young adults with ASD (Fig 1b) produced a 

network dominated by the LIFG, with some contribution from the left temporal lobe and 

right cerebellum. This group also showed a significant network dominated by the SSA and 

also included bilateral inferior frontal lobe and caudate. For the group of middle-aged NT 

adults (Fig 1c), the network involving the LIFG was also linked to the supplementary speech 

area and to a lesser extent, the left caudate. Another network significantly related to word 

generation was specific for bilateral lateral cerebellum. The posterior regions of the DMN 

were also found in a third network for the baseline condition. ICA for the group of older 

adults with ASD (Fig1d) produced a network for the LIFG that also included the SSA, left 

temporal lobe and bilateral lateral cerebellum. The middle-aged adults with ASD also 

produced a significant network during the rest condition representing the default network, 

including posterior cingulate, bilateral posterior temporal lobe, frontal pole and cerebellum.

Network Nodes—A second analysis combined all participants’ fMRI data in a one-way 

ANOVA analysis using SPM12 in order to statistically determine how network nodes from 

the ICA results were differentially contributing to word generation. Mean region-of-interest 

(ROI) beta values were extracted from the random-effects SPM analysis. The ROIs were 

selected based on their inclusion in GIFT analyses and were also regions that were 

significant in the SPM one-way analysis at p < .001, family-wise error corrected. Regions 

meeting these criteria were primarily in the left hemisphere and are illustrated in Fig 2: Left 

BA 44 (LIFG), left BA 6 (supplemental speech area), left and right lateral cerebellum, left 

thalamus, left BA 22 (superior temporal gyrus. We also included key regions associated with 

the DMN in the left BA 23 (posterior cingulate) and BA 39 (angular gyrus).

Two way ANOVAs were conducted to test for age by group interactions on activation of 

these statistically significant, extracted ROIs. Because some differences in cognitive 

performance were observed, we analyzed our data with and without the performance data 

and education as covariates; however, no differences in the findings were found. Despite all 

groups showing similar task performance, not all groups equally utilized all regions to 

perform the task (Table 3 and Fig 2). Main effects for Age and Group were found. A Group 

effect was found where adults with ASD showed significantly less activation in the posterior 

cingulate (BA 23) (F = (1,68) = 5.99, p = .01, ƞ2= 0.60) and left angular gyrus (BA 39) (F 
(1, 68) = 7.10, p < .05, ƞ2= 0.64), although the latter difference does not survive multiple 

comparison correction. However, Age effects were non-significant for BA 39, F (1, 68) = 

2.94, p = .09, ƞ2= 0.38 and BA 23, F (1, 68) = 0.03, p = .87, ƞ2= 0.06.

Younger individuals showed greater activation in the left thalamus than older individuals, F 
(1, 68) = 8.42, p = .005, ƞ2= 0.69. Conversely, the older adults showed greater activity in the 

SSA (BA 6), F (1, 68) = 7.37, p = .008, ƞ2= 0.66. The superior temporal gyrus (BA 22), F 
(1, 68) = 3.78, p = .05, ƞ2= 0.49 also shows somewhat greater activity in the older adults 

compared to younger adults, although this comparison does not survive correction for 

multiple comparisons.
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While main effects of Group and Age were observed, no significant Age by Group 

interactions were observed (see Table 3 for F, p, and effect sizes).

Discussion

Using a network approach, we found evidence for both age and diagnostic group differences 

in the neural networks that are engaged during fluency. The effect size was very small for 

the age-group interactions predicted in this study, suggesting the statistical significance 

would not have emerged even with a much larger sample size. Other similar studies have 

found mixed results investigating cross-sectional differences in aging in ASD. Since this is a 

cross-sectional design, we may benefit from studying this question of aging using a within 

subject longitudinal test that would serve as a better model of the effects of group diagnosis 

on brain and cognitive aging.

The fMRI fluency task performance was very similar for all of the groups, reducing the 

likelihood that these group differences in brain activation were due to differences in either 

task engagement or difficulty and there was a strong correlation (r(74)= 0.55, p <.001) 

between performance on the COWAT and the fMRI task. The letter fluency fMRI task is 

easier than the fluency tasks given as part of the cognitive tests. The COWAT and animal 

fluency cognitive tasks require the participant to generate words from one category for a 

longer period of time than the fMRI fluency task, likely requiring a more extensive search of 

vocabulary and need to sustain a cognitive set. The young and older adults with ASD 

performance was generally weaker on cognitive tests. Both groups of individuals with ASD 

read fewer words and generated less animals than the NTs, and they were also slower on a 

test of simple visuomotor processing (Trails Part A). On the COWAT, group differences 

were nonsignificant, although the young adults with ASD produced about 10 less words 

within a minute than all of the other groups. Other studies of aging and ASD have also failed 

to find age-related changes in fluency (e.g., Davids et al, 2016; Lever and Guerts, 2016; 

Powell et al, 2017), and Powell et al. (2017) also raised the notion that neural compensation 

may explain the relatively sustained performance. Most of the baseline differences in 

performance were not statistically significant, and we found that using any of these cognitive 

variables as covariates in brain activation analyses did not change the results. This raises the 

question of whether contribution of any of the defined network nodes was not entirely due to 

processing speed or extent of vocabulary knowledge. Since cohort effects are not completely 

removed by statistical methods,we plan to further evaluate any age-related changes using 

longitudinal analyses of change over time.

We found that both young and middle-aged adults with ASD showed less “deactivation” 

during the word generation condition compared to the NT groups. There is considerable 

interest in gaining a better understanding of how individuals with ASD transition between 

fMRI conditions because activation patterns comparing the transition from a low-level, or 

baseline condition to one requiring more effort is often more telling than the more 

demanding condition (Braden et al., 2017; Gilbert, Bird, Brindley, Frith, & Burgess, 2008; 

Kennedy, Redcay, & Courchesne, 2006). Whether these findings represent enhanced activity 

or failure to deactivate during the low-level condition remains an area of debate. The 

posterior cingulate region has been implicated in both dynamic attentional focus (Hahn et 
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al., 2007) and inefficiencies in sustaining or attention (Weissman, Roberts, Visscher, & 

Woldorff, 2006), consistent with findings of impaired attention in individuals with ASD 

(Goldstein, Johnson, & Minshew, 2001). Since the posterior cingulate, and related regions of 

the default mode network show less suppression in aging (Grady, Springer, Hongwanishkul, 

McIntosh, & Winocur, 2006; Reuter-Lorenz & Cappell, 2008) and are an early area of 

dysfunction in dementia (Greicius, Krasnow, Reiss, & Menon, 2003), the default mode 

network may be a region of greater vulnerability in older adults with ASD. This may be 

related to persistent cognitive inflexibility in older adults with ASD (Braden et al., 2017).

Our findings are in alignment with studies of both ASD and aging effects on brain and 

cognition. The major contribution of the LIFG, supplementary speech area (pre-

supplementary motor area), and posterior temporoparietal regions have been reported by 

others (Birn et al., 2010; Gourovitch et al., 2000). Kenworthy et al. (2013) found a similar 

pattern of abnormal frontal-subcortical-cerebellar neural responsivity during a more 

complex fluency task. Large, age-related decreases in subcortical structures with a focus in 

the left thalamus were observed in our study, suggesting possible weakening in frontal-

subcortical connectivity in older adults, or differences in processing of internally directed 

task demands (Crosson et al., 2001). Interestingly, a small aging effect in the superior 

temporal lobe showed increased engagement during word generation, suggesting that the 

older individuals may have relied more heavily on lexical processing than younger adults 

(Binder & Price, 2001; Graves, Grabowski, Mehta, & Gupta, 2008). This differential 

engagement of brain regions beyond the LIFG was observed in light of similar performance 

in all groups, suggesting that the challenges associated with aging and possibly ASD results 

in recruitment of neural networks to support effective performance. These findings are in 

alignment with the model of the “adaptive brain” described by (Park & Reuter-Lorenz, 

2009). Based primarily on working memory and executive functioning compensatory 

mechanisms, they hypothesize that maintaining behaviors at a higher level in older adults 

(and other conditions that involve neural challenges, like ASD) are related to the brain’s 

ability to use compensatory scaffolding, or “recruitment of additional circuitry that shores 

up” for neural changes that can negatively affect functioning (Park & Reuter-Lorenz, 2009). 

While our findings align with changes in circuitry due to aging and ASD vulnerabilities, we 

did not see interactions in these compensatory functions. Other cross-sectional behavioral 

studies fail to see age-diagnosis interactions, but it is possible that our longitudinal analyses 

of these changes over time, especially in the older groups, will provide clarification of the 

interactions between ASD and aging.

Limitations

Although we used a word generation task that is commonly used in research, having 

participants covertly generate words is a limitation because it does not strictly provide a 

direct measure of behavioral performance on the task. We included a motor response as a 

proxy for direct observation, and the equivalence in behavior between groups indicates that 

this was likely successful. Furthermore, there was a strong correlation between COWAT and 

fMRI fluency performance. We carefully matched our groups for both age and estimated IQ; 

however, the younger groups performed worse on tests of vocabulary knowledge, and the 

younger group of individuals with ASD had fewer years of education. Given the dramatic 
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changes in diagnosis of and treatment options for individuals with ASD over the past 

decades, it is likely that cohort differences exist between our middle-aged and younger ASD 

adults. Whether the selection bias results in a group of older adults with ASD, who were 

diagnosed at a later age and who had less advantages in educational support and 

interventions and had less cognitive difficulties early on, or conversely, the young group 

benefitted because of greater or earlier intervention is unclear. There is some evidence that a 

more general age-related bias may be observed, since both of the younger groups have lower 

mean scores on the Vocabulary test than the older groups. Correlations of covariates of 

education and Vocabulary scores to the dependent variables were non-significant 

(Supplemental Table 1), and because the nature of the fMRI task was to keep equivalence in 

group performance and this was achieved, this suggests that differences in brain activity 

cannot be solely accounted for by these cohort differences. Although we attempted to 

control for the group differences in education and vocabulary abilities through equivalent 

performance and covarying these variables in our analyses, there are limitations in 

interpreting statistical approaches when real cohort effects are present. As in most studies, 

our older cohort consists of individuals were diagnosed much later than the younger 

individuals, and therefore they may have had quite different interventions available to them, 

and may be functioning differently than younger individuals who have similar ASD profiles; 

thus there is a limitation to how well comparisons can be made between the groups. Both 

education and vocabulary knowledge have been shown to impact fluency ability, 

(Constantinidou, Christodoulou & Prokopiou, 2012; Tombaugh, Kozak & Rees, 1999). 

Thus, it is possible that the lack of interaction between age and diagnosis was tempered by 

these basic group differences in history, and less detectable in this cross-sectional study. We 

continue to follow these participants and will investigate longitudinal changes in 

performance, which will provide more definitive conclusions regarding a possible 

exacerbation of brain related changes in our older cohort of individuals with ASD. Our 

findings are limited to understanding fluency in men, and given that men and women may 

use different strategies during fluency tasks (Weiss et al., 2006) and sex differences in the 

functional organization of language have been reported (Baxter et al., 2003; Shaywitz et al., 

1995), this may mean that different patterns would be seen for women. We are currently 

acquiring data from women matched to the criteria of this study, and will be addressing this 

interesting question of how this added influence of organizational sex differences alters the 

effects observed in this study. Finally, this study focused on individuals with ASD who have 

average to high average general cognitive skills, and thus does not address how aging affects 

language functioning in all individuals with ASD.

Implications

Our study of phonemic fluency networks suggests that multiple networks are engaged to 

help maintain fluency as a result of aging as well as having a diagnosis of ASD. Using this 

network approach may help us to form an even clearer picture of how language is altered by 

autism and aging. Better understanding of the brain networks engaged to produce similar 

levels of cognitive performance also may have implications for the ways in which these 

compensatory mechanisms may be engaged in other cognitive areas.
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Figure 1. 
Fluency neural networks in aging and ASD. Group independent components analyses 

associated for word generation produced common and unique networks. All groups 

produced a network including left inferior frontal gyrus. Some but not all groups showed a 

network involving the SSA and subcortical structures, the Default Mode Network, and 

bilateral cerebellar network. a: young NT, b:young ASD, c: middle-aged NT, d: middle-aged 

ASD. LIFG: left inferior frontal gyrus; SSA: supplemental speech area.
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Figure 2. 
Age and group differences in activation associated with word generation. Two way analyses 

of variance for extracted regions of interest demonstrated that the ASD groups had less 

engagement of the Default Mode Network. Older adults had greater activity in the SSA and 

superior temporal gyrus while younger adults showed greater activation in the left thalamus. 

No age by group interaction was significant. BA: Brodmann area; LIFG: left inferior frontal 

gyrus; SSA: supplemental speech area

Baxter et al. Page 17

Res Autism Spectr Disord. Author manuscript; available in PMC 2020 June 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baxter et al. Page 18

Ta
b

le
 1

D
em

og
ra

ph
ic

 a
nd

 C
og

ni
tiv

e 
Ta

sk
 P

er
fo

rm
an

ce
 A

cr
os

s 
A

ge
 C

oh
or

ts
 a

nd
 G

ro
up

s

N
T

A
SD

F

Y
ou

ng
 N

 =
 1

4 
M

 
(S

D
)

M
id

dl
e-

ag
ed

 N
 =

 2
0 

M
 (

SD
)

Y
ou

ng
 N

 =
 1

8 
M

 
(S

D
)

M
id

dl
e-

ag
ed

 N
 =

 2
4 

M
 (

SD
)

A
ge

 (
E

S;
 p

)
G

ro
up

 (
E

S;
 p

)
A

ge
*  

G
ro

up
 (

pa
rt

ia
l η

2 ;
 

p)

IQ
10

7.
21

 (
12

.6
8)

11
2.

50
 (

12
.7

9)
10

5.
33

 (
13

.5
0)

10
6.

00
 (

17
.9

3)
0.

74
 (

0.
19

; .
39

)
1.

47
 (

0.
32

; .
23

)
0.

45
 (

0.
01

; .
51

)

E
du

ca
tio

na,
b  (

ye
ar

s)
14

.2
9 

(1
.8

6)
16

 (
2.

51
)

12
.8

3 
(1

.1
5)

15
.0

8 
(2

.4
5)

15
.9

1*
*  

(0
.9

6;
 <

.0
01

)
5.

68
*  

(0
.5

0;
 .0

2)
0.

29
 (

.0
04

; .
59

)

C
O

W
A

T
c  (

w
or

ds
)

41
.0

7 
(1

2.
73

)
40

.3
5 

(1
3.

50
)

31
.0

6 
(9

.0
3)

41
.0

4 
(1

3.
08

)
2.

60
 (

0.
42

; .
11

)
2.

63
 (

0.
31

; .
11

)
3.

47
 (

.0
5;

 .0
7)

A
ni

m
al

sd  (
w

or
ds

)
24

.2
9 

(5
.3

7)
21

.8
5 

(3
.8

2)
20

.8
3 

(4
.8

3)
20

.1
7 

(6
.3

6)
1.

60
 (

0.
27

; .
20

)
4.

39
*  

(0
.4

6;
 .0

4)
0.

52
 (

0.
01

; .
47

)

W
A

IS
-I

II
 V

oc
ab

ul
ar

ye  (
ra

w
 

sc
or

e)

47
.9

3 
(1

0.
08

)
50

.9
5 

(1
2.

19
)

46
.1

1 
(9

.8
1)

52
.3

3 
(7

.8
3)

3.
91

*  
(0

.4
8;

 .0
5)

0.
01

 (
0.

00
3;

 .9
2)

0.
47

 (
0.

00
6;

 .4
9)

St
ro

op
f  (

w
or

ds
)

92
.5

7 
(2

9.
38

)
88

.8
0 

(1
5.

14
)

79
.9

4 
(1

2.
00

)
77

.0
4 

(2
1.

42
)

0.
51

 (
0.

15
; .

48
)

6.
85

*  
(0

.6
0;

 .0
1)

0.
01

 (
0.

00
1;

 .9
3)

T
ra

il 
M

ak
in

g 
Te

st
 P

ar
t A

g 

(s
ec

s)

22
.7

9 
(6

.4
8)

26
.6

 (
8.

61
)

31
.5

6 
(7

.0
8)

39
.5

0 
(2

5.
08

)
2.

64
 (

0.
38

; .
11

)
8.

95
*  

(0
.7

4;
 .0

04
)

0.
33

 (
0.

00
4;

 .5
7)

fM
R

I 
Fl

ue
nc

y 
( w

or
ds

 v
ia

 
bu

tto
n 

re
sp

on
se

)
54

.4
6 

(1
3.

30
)

50
.1

0 
(1

0.
47

)
48

.7
9 

(1
2.

85
)

47
.0

8 
(9

.7
3)

1.
27

 (
0.

24
; .

26
)

2.
59

 (
0.

36
; .

11
)

0.
24

 (
0.

00
3;

 .6
2)

a:
Y

ou
ng

 <
 O

ld

b:
N

T
 >

 A
SD

c:
A

SD
 Y

ou
ng

 <
 A

ll

d:
N

T
 >

 A
SD

 *
 p

 v
al

ue
s 

un
co

rr
ec

te
d 

fo
r 

m
ul

tip
le

 c
om

pa
ri

so
ns

e:
Y

ou
ng

 <
 O

ld

f:
N

T
 >

 A
SD

g:
N

T
 <

 A
SD

* p 
≤ 

.0
5

**
p 

<
 .0

01

Res Autism Spectr Disord. Author manuscript; available in PMC 2020 June 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Baxter et al. Page 19

Table 2

Networks Recruited During Word Generation vs Rest

Group Network Condition (Fluency or Rest) M SD F p*

NT Young

LIFG Fluency 0.44 0.56 7.21 .01

Cerebellar Fluency 0.52 0.48 6.61 .02

DMN Rest −0.029 0.70 5.47 .02

ASD Young

Language Fluency 0.37 0.53 8.24 .007

SSA/subcortical Fluency 0.41 0.50 7.17 .01

NT Middle-aged

LIFG Fluency 0.33 0.37 27.07 < .001

Cerebellum Fluency 0.41 0.27 19.83 < .001

DMN Fluency −0.31 0.42 15.84 < .001

ASD Middle-aged

LIFG Fluency 0.31 0.45 9.53 .003

DMN Rest 0.21 0.37 32.07 < .001

*
Family-wise error corrected. NT: Neurotypical; ASD: Autism Spectrum Disorder; LIFG: left inferior frontal gyrus: DMN: Default Mode 

Network; SSA: supplementary speech area
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