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Abstract

Purpose—Adults with autism spectrum disorder (ASD) consistently report worse functional
health and well-being, compared to neurotypical (NT) peers. In a series of studies, we aimed to
elucidated the effects of sex, age, and their interaction on health-related quality of life (HRQoL)
and evaluated the effectiveness of mindfulness-based stress reduction (MBSR) for improving
health-, disability-, and autism-related QoL, with possible sex and age outcome moderators, in
adults with ASD.

Methods—Study 1 used the 36-1tem Short Form Survey to compare mental and physical HRQoL
composite scores in adults with ASD (7= 67) and matched NT adults (n7= 66). Study 2 was a
randomized pilot evaluation of the effect of MBSR, compared to an active control intervention
with social support and relaxation education (support/education; 7= 56), on the World Health
Organization QoL BREF, Disability, and Autism-Specific scales in adults with ASD.

Results—In Study 1, we replicated findings that mental HRQoL is worse in both men and
women with ASD, compared to NT counterparts, but physical HRQoL is only worse in women
with ASD. We present novel findings that older age is associated with better mental HRQoL

in women with ASD only. In Study 2, MBSR improved disability-related QoL in adults with
ASD over and above the support/education intervention, but both interventions improved mental
HRQoL. Lastly, both interventions were more effective for HRQoL improvements in women with
ASD.

Conclusion—Findings encourage precision medicine approaches tailored to age and sex groups
for best HRQoL outcomes in adults with ASD.
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Introduction

The first population-based estimates of adults living with autism spectrum disorder (ASD)
recently projected nearly six million in the United States [1]. While research on adults
with ASD lags far behind that dedicated to children, one consistent finding is reduced
quality of life (QoL), compared to neurotypical (NT) counterparts [2—6]. QoL is defined

as ‘[an] individual’s perceptions of their position in life in the context of the culture and
value systems in which they live, and in relation to their goals, expectations, standards, and
concerns’ [7]. This is a subjective assessment of how the individual relates to the world

in their current setting [4]. Operational definitions of QoL that are particularly affected

in adults with ASD include what people are able to do and how they feel which, with
attributions to health, are measures of HRQoL [8]. Considering the pervasiveness of reduced
subjective well-being and functioning in adults with ASD, compared to their NT peers, it’s
important to understand the factors which influence HRQoL and effective interventions in
this population.

Influence of age on QoL in adults with ASD

Limited information exists on the impact of QoL as adults with ASD age, and using research
on youth to promote untested projections in adults with ASD negates influencers specific

to aging [9]. When examined across the lifespan (ages 5 through 65), individuals with

ASD reported lower HRQoL and social QoL across all ages, compared to a NT sample

[10]. However, among studies that have examined age as a moderating factor, there are
disparate findings. Moss et al. [11] found that older age was associated with poorer physical
health, but there was no NT comparison group. It is well known that physical HRQoL
declines with age in the general population [12]. Mason et al. [4] found the same trend of
older age being associated with poorer mental HRQoL. Although they also did not have

a NT comparison group, mental HRQoL, unlike physical HRQoL, does not decline with

age in the general population [12]. Therefore, mental HRQoL may represent an age-related
vulnerability for adults with ASD. This same group later published that HRQoL and social
QoL scores in adults with ASD over 55 years of age are on average one standard deviation
below normative scores for the United Kingdom [13]. Conversely, while van Heijst and
Geurts [6] confirmed reduced HRQoL in a sample of older adults with ASD, their general
QoL meta-analysis found no effect of age. Importantly, they did not examine sex-by-age
interactions, which may explain variability in findings, as elaborated on below. Since 50,000
teens with ASD in the US become adults every year [14], it is imperative to reconcile how
aging will affect their QoL outcomes.
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Influence of sex on QoL in adults with ASD

Similar to the problems with extrapolating childhood research to adults, generalizing results
obtained from male-only or male-biased samples can misrepresent the needs of females [15].
Currently, there is an estimated 3:1, male:female prevalence ratio in ASD [16]. However,
previous estimates had even higher ratios [17], which has resulted in ASD research being
disproportionately based on males. Only a few studies have investigated QoL sex differences
specific to adults with ASD. Women with ASD report reduced physical HRQoL compared
to men with ASD, while men with ASD report reduced social QoL compared to women with
ASD [4]. Others have found women with ASD report reduced mental HRQoL and social
QoL, compared to men with ASD [18]. In a study across the lifespan, Graham Holmes et al.
[10] reported reduced physical HRQoL in females. Further analysis of age groups revealed
that this was driven by adult self-rating, parent ratings of children and adolescent self-ratings
did not show sex differences [10]. This suggests disparities between females with ASD

and males with ASD may increase with age, but this hypothesis needs to be systematically
evaluated. Understanding how potential complex sex by age interactions best predict QoL in
adults with ASD is necessary to provide optimal interventions.

Interventions for improving QoL in adults with ASD

QoL is an ideal modifiable intervention target to improve a wide range of important
outcomes in adults with ASD. For example, an adult longitudinal study found higher social
QoL was associated with better adult outcomes such as employment, living independently,
and close relationships [11]. Moreover, pinpointing the modifiable underpinnings of QoL
in adults with ASD may help identify effective interventions. Khanna et al. [19] found
problem-focused (a.k.a. adaptive) coping strategies and social support as two of the top
factors for improving HRQoL in adults with ASD. Further, a systematic review found
increasing social participation is one route by which adults with ASD can improve QoL
[20]. Lastly, Smith et al. [21] outlined a complex interplay between anxiety and mental
HRQoL and social QoL in adults with ASD suggesting addressing anxiety symptoms may
contribute significantly to improved QoL. Mindfulness-based stress reduction (MBSR) is
a structured training program that aims to provide adaptive coping, focused attention, and
cognitive restructurings skills to distressed populations [22]. The program is taught in a
group context which imbeds social support. Emerging research suggests MBSR is effective
in reducing anxiety and/or depressive symptoms in adults with ASD [23-27]. Combined,
this suggests MBSR may be an ideal intervention for improving HRQoL in adults with
ASD.

Mindfulness-based stress reduction and QoL

MBSR has been shown to improve QoL across a diverse demographic, which was most
notably demonstrated in a meta-analysis of 31 randomized controlled trials with 1942
participants [28]. Mindfulness-based interventions have also been shown to improve QoL in
parents of children with ASD [29, 30]. However, MBSR’s impact on QoL specifically in
adults with ASD has not yet been examined in a controlled study. In an uncontrolled design,
Kiep et al. [23] found a modified MBSR improved general psychosomatic well-being on the
Symptom Checklist-90 in adults with ASD. More recently, a meta-analysis was performed
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on mindfulness intervention studies for both children and adults with ASD and caregivers
where the authors averaged all outcome measure to represent “subjective well-being” [31].
Findings were overwhelmingly positive, but a need for more controlled research was noted
[31].

The present study

Methods
Study 1

The present study aimed to identify the effects of sex and age, and possible interactions, on
HRQoL in a cross-sectional sample of adults with and without ASD (Study 1). Then, we
evaluated the effectiveness of MBSR for improving HRQoL in adults with ASD (Study 2).
In Study 1, we hypothesized HRQoL would be reduced in adults with ASD, compared to
NT adults, with a sex-by-diagnosis interaction, such that women with ASD would have the
lowest HRQoL of all groups, especially in the physical health domain. We also hypothesized
a sex-by-age-by-diagnosis interaction, such that increasing age would be associated with
worse HRQoL specific to women with ASD. In Study 2, we hypothesized an MBSR
intervention would lead to HRQoL improvements in adults with ASD over and above

a control intervention. Further, we ran exploratory analyses to determine if sex or age
impacted the intervention-related HRQoL benefits. This combined study approach was taken
in order to inform precision medicine needs (Study 1) and effective interventions (Study 2)
for adults with ASD across the lifespan.

Participants and HRQoL measure—Data in this cross-sectional study were derived
from a larger study investigating sex differences in aging in ASD (7= 195). This study
began in 2015 and HRQoL measures were added in 2017. We present HRQoL data

from 67 participants with ASD and 66 NT participants ages 18—71. This sample has

been previously described [32, 33]. In brief, recruitment efforts for ASD participants were
conducted primarily using the Southwest Autism Research and Resource Center (SARRC)
database, where clients and research participants voluntarily enroll to be contacted for
future studies. Other efforts included presentations at community groups and flyers. For NT
participants, recruitment occurred via snowballing and community fliers. Snowball sampling
is a nonprobability sampling technique where existing study subjects recruit future subjects
from among their acquaintances. For participants with ASD, inclusion criteria included a
diagnosis confirmation by an experienced, research reliable psychometrist who administered
the Autism Diagnostic Observation Schedule-2, module 4 (ADOS-2; [34]) as well as a brief
psychiatric history interview. Using the DSM-5 checklist [35], a psychologist with 25 years
of ASD diagnostics experience reviewed assessment results and confirmed diagnosis criteria
were met. For NT participants, criteria for inclusion were as follows: (1) no suspected/
confirmed diagnosis of ASD, (2) Social Responsiveness Scale-2 Adult Self-report (SRS-2;
[36]) 7-scores < 66, (3) no first-degree relative with an ASD diagnosis. For all participants,
the following were inclusion criteria: (1) Kaufman Brief Intelligence Test—2nd Edition
(KBIT-2; [37]) full-scale 1Q score > 70; Mini Mental State Exam (MMSE; [38]) score = 26;
no self-reported history of neurological illness (exception: single-episode childhood seizure),
head injury with loss of consciousness, or known genetic disorders; and no current use
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of seizure medications. With the exception of schizophrenia, other psychiatric conditions
were non-exclusionary given the prevalence of co-morbid conditions in ASD [39]. Detailed
self-report of psychiatric and other health-related problems were recorded and are reported
by group in Supp. Table 1.

Once participants were enrolled in the study, they completed the paper—pencil 36-Item
Short Form Health Survey (SF-36), without modifications, as a HRQoL measure [40].
HRQoL items, such as SF-36, represent multiple operational indicators of health, including
behavioral function and dysfunction, distress and well-being, objective reports and
subjective ratings, and both favorable and unfavorable self-evaluations of general health
status [8]. This study met ethical standards for research as described by Arizona State
University and the Declaration of Helsinki 2000 revision. All participants provided written
consent approved by the Institutional Review Board.

Statistical analysis—Independent samples #tests or chi-squared tests were conducted to
ensure ASD and NT groups were similar in age, sex distribution, and 1Q. The SF-36 yields
norm-based scores based on eight generic functioning and well-being domains that are
aggregated into physical and mental component summary scores with reliability of 0.95 and
0.93, respectively [8]. For both metrics, higher scores represent greater HRQoL, with mean
=50, SD =10, in the general US population. A multiple regression analysis was performed
on each composite score separately with the following factors: diagnosis, age, sex, diagnosis
by age, diagnosis by sex, and diagnosis by sex by age. Age was treated as a continuous
variable and all possible interactions were tested simultaneously in one model for an overall
Fstatistic. After Bonferroni correction, alpha was set at 0.025 for the overall F statistic of
each of the two regression models. In the presence of an overall ~that survived correction,
factor significance was set at alpha = 0.05. With our sample size, we had > 99% power to
detect diagnosis effects on HRQoL based on Graham Holmes et al. [10] effect sizes, and
70% power to detect sex-by-diagnosis interactions based on Kamio et al. [18] effect sizes.

Participants and QoL measure—For a Consolidated Standards of Reporting Trials
(CONSORT) Checklist of information to include when reporting a randomized trial see
Supp. Table 2. This longitudinal pilot study recruited via the same methods in Study 1 and
enrolled 70 adults across two cohorts who self-reported an ASD diagnosis. Inclusion criteria
were comprised of meeting ASD criteria on the Autism Diagnostic Observation Schedule-2
[34], administered by an experienced research-reliable administrator at SARRC, and an 1Q
score > 70 as measured by the KBIT-2. Exclusion criteria were comprised of history of
traumatic brain injury, substance abuse, and active suicide ideation. Due to our goal of
recruiting a representative group of intellectually-able adults with ASD, we did not exclude
adults on the basis of sex, age, or general comorbidities (see Supp. Table 3 for detailed
self-report of psychiatric and other health-related problems).

Participants were randomly assigned (via random number generator) to a parallel, eight-
week MBSR group or a social support/relaxation education (support/education) control
group with a 1-to-1 allocation ratio (See CONSORT Flow Diagram, Fig. 1. The PI
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generated the random allocation sequence, enrolled participants, and assigned participants
to interventions. Those assessing outcomes were blinded after assignment to interventions,
and every attempt was made for participants to be blinded by referring to both groups as
“stress reduction” groups. Fourteen participants were lost to follow-up and one participant
was excluded from the analysis because of a family crisis that severely affected their mental
health and was unrelated to the study. The remaining 55 participants (MBSR group, /7= 28;
support/education group, 7= 27) had pre and post-intervention QoL data. This sample size
was determined as adequate for assessing HRQoL based on an effect size of &= 0.60 for
MBSR effects on general psychosomatic well-being in adults with ASD [23], which requires
a total sample size of 47 for 80% power.

Self-reported QoL was assessed with the World Health Organization (WHO) QoL Brief
Version (BREF; [41]), Disability Assessment Schedule (DAS) [42], and autism-specific (AS
Qol) items [43] during MRI visits within four weeks before and after the intervention
(2018-2019; MRI data presented elsewhere, [24, 25]). Additionally, an informant report
WHODAS was collected [44]. The WHO QoL assessment was chosen over the SF-36
because of the recent addition of AS QoL items [43]. Two participants were missing
WHOBREF data, four and 14 participants were missing WHODAS self-report and proxy-
report data, respectively; two were missing AS QoL data. Participant demographics can

be found in Table 4. QoL measures were secondary outcomes. Primary outcomes were
depression and anxiety measures, which have been previously published [24, 25]. This study
was conducted in compliance with Arizona State University’s ethical standards for research
and the Declaration of Helsinki 2000 revision. All participants provided written consent
approved by the Institutional Review Board. Data were monitored via an Independent
Monitor who is a Neurologist specializing in ASD. Full trial protocol can be accessed at
ClinicalTrials.gov Identifier: NCT04017793.

Intervention groups—The intervention groups were conducted at Arizona State
University during early evening weekday hours (~ 5:30-7:30 pm Tuesday or Wednesday)
in 2018 (Cohort 1) and 2019 (Cohort 2). The MBSR intervention was minorly adapted
from Dr. Jon Kabat-Zinn’s original protocol and included adaptations similar to Spek et al.
[27]: (i) class duration was reduced from 2.5 to 2 h, (ii) there was no required full day
retreat, (iii) metaphorical references were removed from the instructions. Novel to MBSR
studies in ASD, the 2-h weekly classes were co-led by a certified MBSR instructor and an
ASD clinician for an 8-week period, as opposed to solely an MBSR instructor. Participants
received daily email reminders to practice techniques taught in class for ~ 45 min. The
overarching theme of practices involved continuous redirection of attention toward present
moment experience of bodily sensations, sounds, emotions, and thoughts. Participants were
encouraged to adopt a nonjudgmental and nonreactive attitude toward their experience as
they were introduced to and practiced various exercises including body scanning, mindful
walking, eating, and talking, awareness of the breath, and loving compassion meditation. For
Cohort 2, an optional half-day retreat was offered and two participants attended.

The social support and relaxation education group (support/education group) was led
by team members (authors BBB and BP) for weekly 2-h sessions over an 8-week
span. Instructors provided basic education on relaxation techniques provided by the
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National Center for Complementary and Integrative Health (https://nccih.nih.gov/health/
stress/relaxation.htm; Braden et al. [45], similar to Jain et al. [46] and Hughes et al.

[47]) and facilitated group sharing/discussion, offering an opportunity to share personal
experiences with stress and coping strategies. Participants were encouraged to pay attention
to stressors throughout the week, practice relaxation techniques regularly at home, and

to share additional resources with the group. For Cohort 2, an optional half-day social
opportunity (board games was offered for the support/education group to mirror the MBSR
retreat, one participant attended. Daily email reminders were sent to request that participants
track stressors and techniques they utilized. An exit survey indicated most participants from
both groups used techniques learned in class on an “every other day” basis. Importantly,

we employed multiple strategies to ensure the integrity of findings in this pilot study where
investigators had both intervention and analysis responsibilities. First, data was collected

by lab members blinded to treatment conditions and hypotheses. Second, all analyses were
performed blinded to group assignment. Third, blinded coders found equivalent fidelity
ratings for each intervention on social support, and instructor’s believability, enthusiasm, and
competence. Finally, pilot data were reanalyzed by a blinded scientist and yielded the same
results/interpretation.

Statistical analysis—Independent samples #tests or chi-squared tests were conducted

to ensure MBSR and Support/Education groups were similar in age, sex distribution,

1Q, and ASD severity. The WHOBREF and WHODAS scores were standardized based

on Skevington et al. [41] and Andrews et al. [42]. The WHOBREF measures four

domains: physical, psychological, social, and environment. The physical and psychological
domains were selected from the BREF for best comparison to the SF-36 physical and
mental composite scores. Across studies, WHOBREF and SF-36 generally show very high
correlation and this was most robustly demonstrated in a large (7= 4628) investigation of
diverse health conditions across 38 sites in the UK [48]. Specifically, the SF-36 physical
composite score had the highest correlation with the physical BREF domain (r= 0.79) and
the SF-36 mental composite score had the highest correlation with the psychological BREF
domain (r=0.69, [48]. The self and informant DAS each generated a total score, and the
AS generated a total score. Reliability for the physical and psychological domains were
0.81 and 0.82, respectively, and were scored so that higher values represent better HRQoL
[41]. Reliability for DAS total scores was high in previous studies and with these metrics
lowervalues represent better disability-related QoL [42]. A repeated-measures ANOVA was
performed with time (pre vs. post) as the within-subjects variable and each between-subjects
variable separately. For BREF physical and BREF psychological, alpha was set at 0.025
after Bonferroni correction. With our sample size, we had > 99% power to detect MBSR-
related improvements on HRQoL based on Kiep et al. [23] effect sizes.

For self DAS total, informant DAS total, and AS QoL total, analyses were exploratory
given no prior study has investigated the effect of MBSR for adults with ASD on these
variables. Exploratory analyses were also run to determine if sex or age impacted the
intervention-related QoL improvements. For sex, two-way repeated-measures ANOVAs
were performed with sex as the between-subjects variable and time as the within-subjects
variable. We also ran two-way repeated-measures ANOVAs with sex and intervention group
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as between-subjects variables and time (pre vs. post) as the within-subjects variable. For
age, we ran Pearson r correlations between age and change scores of variables of interest.
Because of the exploratory nature, no correction for multiple comparison was employed, and
alpha was set at 0.05 for two-tailed tests. We used an intent to treat approach for all analyses,
and included all participants for whom post-intervention data were available. All but one
participant in the final analyses attended = 4 classes.

There were no significant differences between ASD and NT participants on age, 1Q, or sex
distribution (Table 1). Participants’ ages ranged from 18 to 71 years and averaged at 44 years
of age. Descriptive statistics for SF-36 physical (PCS) and mental (MCS) composite scores
can be found in Table 2. The multiple regression for the PCS was significant [H7,126) =
5.716, p< 0.001; Adjusted /2 = 0.208] and found a significant diagnosis-by-sex interaction,
such that physical HRQoL was lower in women with ASD only, as compared to men with
ASD and NT men and women (Fig. 2a, Table 3). There was also a main effect of age,

such that PCS was lower for older participants (Fig. 2b, Table 3). The multiple regression
for MCS was significant [H7,126) = 12.769, p < 0.001; Adjusted /2 = 0.395] and found a
significant main effect of diagnosis, such that MCS was lower in adults with ASD compared
to NT adults (Fig. 2c, Table 3). There was also a significant diagnosis-by-sex-by-age
interaction such that increasing age was significantly associated with greater mental HRQoL
in women with ASD [7(28) = 0.62, p < 0.001], but no other group (all p> 0.10; Fig. 2d,
Table 3).

There were no significant baseline differences between MBSR and support/education
participants on age, 1Q, sex distribution, or ASD severity (Table 4). Descriptive statistics
for BREF physical and psychological scores, DAS self and proxy total scores, and AS QoL
total scores can be found in Table 5. Repeated measures ANOVA for BREF physical domain
scores found no intervention effects; however, the psychological domain demonstrated a
main effect of time, indicating improvements in both groups (A1, 53) = 6.83, p=0.01, n?
=0.11; Fig. 3a). Exploratory DAS self and proxy total scores both showed group-by-time
interactions [self: A1, 52) = 6.90, p=0.01, 52 = 0.12; proxy: A1, 29) = 4.0, p=0.05, nr?
= 0.12], such that the MBSR group showed less difficulty in disability-related QoL after the
intervention, but not the support/education group (Fig. 3b, c). There was also a main effect
of time for DAS self (A1, 52) = 6.90, p= 0.003, 72 = 0.16) but not DAS proxy; no main
effects or interactions were detected for AS QoL total scores.

Exploratory analyses to determine if sex or age impacted the intervention-related QoL
improvements identified significant sex-by-time interactions for both BREF physical (A1,
52) = 6.02, p=0.02, nr? = 0.10) and psychological (A1, 52) = 6.44, p=0.01, n?

= 0.11) scores, such that women improved more than men on both domains (Fig. 4,

Supp. Table 4). This pattern did not interact with intervention group, and was similar for
MBSR and support/education participants. There were no sex-by-time or sex-by-group-by
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time interactions for DAS or AS scores. Age did not correlate with change scores on any

variables of interest.

Discussion

Study 1

The present studies aimed to (1) expand existing literature on sex and age, and possible
interactive effects on physical and mental HRQoL in a cross-sectional sample of adults with
and without ASD (Study 1), and (2) evaluated the effectiveness of MBSR for improving
health-, disability-, and autism-related QoL in adults with ASD, and potential influences of
sex and/or age (Study 2).

As hypothesized HRQoL was worse in adults with ASD, but some effects depended on

sex. Mental HRQoL was worse in both men and women with ASD, compared to their

NT counterparts; however, physical HRQoL was only reduced in women with ASD. Worse
mental HRQoL in adults with ASD, compared to NT adults, is consistent with other studies
[3, 4, 10, 13], however, some have found this to be worse in women with ASD compared to
men with ASD [18]. Our finding of worse physical HRQoL being specific to women with
ASD is consistent with findings from Mason et al. [4] and Graham Holmes et al. [10]. For
relationships between HRQoL and age, we replicated findings for physical HRQoL, but our
hypothesis that increasing age would be associated with worse HRQoL specific to women
with ASD was not supported. In line with Moss et al. [11] and research in the general
population, we found increasing age was associated with worse physical HRQoL across

all groups. Specifically, adults 45 years and over in the general population report about a
0.1-0.2 standard deviation decline per year [12], which seems to be consistent with adults
with ASD. Our findings of similar age-related differences between NT and autistic adults for
physical HRQoL is also consistent with the meta-analysis by van Heijst and Geurts [6].

For mental HRQoL, Mason et al. [4] previously found older age as being associated with
poorer mental HRQoL in adults with ASD. Since this was not found in the van Heijst

and Geurts [6] meta-analysis, a discrepant factor could be sex. Indeed, Graham Holmes et
al. [10] reported reduced physical HRQoL in females, but further analysis of age groups
revealed that this was driven by adult self-ratings; parent ratings of children and adolescent
self-ratings did not show sex differences [10]. This suggests disparities between females
with ASD and males with ASD may increase with age, and is why we hypothesized
increasing age would be associated with worse HRQoL specific to women with ASD. For
mental HRQoL, we did observe a sex by diagnosis by age interaction, but not as expected.
Women with ASD were the only group to show a significant relationship between increasing
age and better mental HRQoL. Upon further examination of the data in Mason et al. [4],
their oldest group (61+) was no different from the youngest adults in mental HRQoL, but
rather it was the middle-age groups that had worse mental HRQoL. Furthermore, their
age-by-sex MANOVA interaction approached significance (o = 0.09), which could be driven
by betther mental HRQoL in older women with ASD. Indeed Uljarevi¢ et al. [49] recently
found older adults with ASD struggled less with mood disorder symptoms than middle-age
adults with ASD, which is the same age pattern we recently identified for women with ASD
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and social cognitive abilities [24, 25]. Taken together, older women with ASD may have
mental health resiliency.

Study 1 limitations

While our study provides novel insights into the complex interactive effects of age and

sex on HRQoL in adults with ASD, there are some limitations that must be noted. First,

we were slightly underpowered for interaction effects (i.e. 70% power for diagnosis-by-sex
interaction), and were unable to compute power for three-way diagnosis-by-sex-by-age
interactions, as results from a similar analysis has not been published to our knowledge. In
spite of this, we detected a significant three-way interaction for mental HRQoL, but it is
possible a subtler interaction is present for physical HRQoL that we were not powered to
detect. It is also possible the three-way interaction for mental HRQoL is spurious, and thus,
requires replication. Validity of findings are enhanced by our replication of main effects of
ASD diagnosis on mental HRQoL and sex-by-diagnosis interactions for physical HRQoL.
Second, inferring age relationships from a cross-sectional sample is always confounded by
possible cohort effects. Our observed age effects warrant confirmation in a longitudinal
study. Third, although the ASD and NT groups were very similar for overall health
problems, they were not matched for psychiatric co-morbid conditions (Supp. Table 1).

As recently put forth by Oakley et al. (50), worse HRQoL in adults with ASD may be better
accounted for by depression and anxiety rather than autism symptoms. Future work should
aim to determine if adults with ASD have worse HRQoL, over and above what can be
accounted for by co-morbidities, compared to NT adults. Fourth, we did not include adults
with ASD and comorbid intellectually disability (1Q < 70), which limits generalizability to
the full ASD community. Last, but certainly not least, the ASD community has been very
clear about the need for QoL measures specific to those with ASD [11, 51]. This need was
met by McConachie et al. [43] after the inception of Study 1, therefore was not included.
However, for Study 2, we specifically chose the WHO QoL measures in order to add their
autism-specific questions to our battery. Future work will explore age and sex effects on the
autism-specific QoL measures.

Study 1 conclusions

Study 2

We replicated previous findings that mental HRQoL is worse in both men and women
with ASD, compared to their NT counterparts, but that physical HRQoL is only reduced
in women with ASD. Furthermore, we present novel findings that older age is associated
with better mental HRQoL in women with ASD, but not men with ASD or either NT sex.
Findings highlight the need to individualize interventions and services and to use age- and
sex-based norms for comparing HRQoL outcomes in adults with ASD.

For Study 2, our hypothesis was partially supported; MBSR led to disability-related QoL
improvements in adults with ASD over and above a support/education control intervention.
This pilot study found both interventions led to mental HRQoL improvements and neither
intervention contributed to physical health or autism-specific QoL changes. But, our
exploratory investigations revealed that sex impacted HRQoL benefits, such that only
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women in both intervention groups improved on physical HRQoL and women improved
more than men on mental HRQoL.

We chose the WHO QoL battery for Study 2 in order to capitalize on the development of
autism-specific QoL questions, in addition to the WHO disability module. We observed
improvements on both self and proxy disability-related QoL that were specific to the
MBSR intervention. This is not surprising given MBSR’s specific focus on providing
adaptive coping skills [22], which is not communicated in NCCIH’s relaxation techniques
handout. Khanna et al. [19] found coping to be a top factor for improving HRQoL in

adults with ASD. Specific items on the WHO DAS may underly constructs that are
particularly amendable to MBSR training (e.g. “being emotionally affected by health
problems”, “concentrating on doing something for ten minutes”, “dealing with people you
do not know”, “maintaining a friendship”, etcetera) and are challenging areas for many
adults with ASD. MBSR’s focus on increasing emotional awareness and the adoption of
attitudes of acceptance, nonjudgment, and nonreactivity toward present moment experience
may be relevant to the disability-related improvements in QoL we observed. Such training
may affect disability-related QoL by enhancing cognitive/affective functioning which has
broad downstream effects pertaining to attention, interpersonal relationships, and one’s
sense of wellbeing [52-54]. Although Nyklicek and Kuijpers [55] found the broadly defined
‘mindfulness’ construct mediates MBSR-elicited improvements in QoL, it is still unclear
what facets of ‘mindfulness’ are responsible for disability-related QoL in adults with ASD.
More psychological mechanistic research is warranted to shed light on this question is
warranted.

While we are the first to identify an association between MBSR and improved disability-
related QoL in adults with ASD, others have shown MBSR or other mindfulness
programs improve WHO disability scores in various populations with depression [56,
57]. Additionally, mindfulness characteristics are associated with WHO disability scores
in fibromyalgia patients and veterans with PTSD [58, 59]. In adults with ASD, Schmidt
et al. [5] found aspects of the WHO disability module predicted overall life satisfaction,
suggesting that MBSR may lead to overall life satisfaction improvements for adults with
ASD over and above a social support/relaxation education control intervention. In the
present study, neither group experienced improvements in autism-specific QoL. This is
likely because neither the MBSR nor relaxation education were developed to address
difficulties specific to being an adult on the spectrum.

Both MBSR and the support/education control intervention led to mental HRQoL
improvements. We specifically designed the support/education intervention to control for
the social support provided by MBSR, which our data suggests is sufficient to produce
mental HRQoL improvements. This is not surprising given the other top factor Khanna et al.
[19] identified for improving HRQoL in adults with ASD was social support. Additionally,
a systematic review found increasing social participation is one route by which adults with
ASD can improve QoL [20]. Our findings of MBSR improving mental HRQoL adds to

the emerging research suggesting MBSR is effective in reducing anxiety and/or depressive
symptoms in adults with ASD [23-27]. Moreover, our novel findings indicate the same
mental HRQoL benefits can be gained from a social support group with freely available
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relaxation education. This is encouraging for those in the autistic community who may have
financial or other barriers to accessing an MBSR group.

Our exploratory investigations revealed that sex impacted HRQoL benefits, such that only
women in both intervention groups improved on physical HRQoL, and women improved
more on mental HRQoL. In line with results from Study 1 and others [4, 10], women in both
groups had worse physical HRQoL at pre-intervention. However, for mental HRQoL, men
and women did not differ at pre-intervention, yet a sexby-time interaction was detected. This
suggest women with ASD may respond better to interventions providing social support

and stress reduction education for mental health outcomes, regardless of whether the
education is mindfulness or relaxation. Since women with ASD report worse social QoL
than men [10, 18], increased social support may have a greater residual impact on their
mental HRQoL. Our other exploratory analysis did not find any associations between age
and intervention outcomes. Taken together, social support through MBSR or a relaxation
education intervention may be particularly effective for improving HRQoL in women with
ASD across the adult lifespan.

Study 2 limitations

A strength of the present study was the use of an active control group to assess the specific
benefits of mindfulness, while controlling for social support and stress reduction education
and reducing bias [60]. However, this is a relatively small pilot study that needs to be
replicated in large efficacy trials. Inclusion of a third, waitlist control group could be
informative for future studies. In the present study, participants in the support/education
group shared mindfulness resources with one another, such as mobile meditation apps,
which may have bolstered the mental HRQoL improvements observed in that group. Future
work will be more proactive to mitigate mindfulness contamination, and query exposure to
mindfulness information or apps at post-intervention to be a control variable in analyses.
Disability-related QoL improvements and interactive effects of sex on intervention-related
improvements were exploratory analyses and uncorrected for multiple comparisons. These
findings need to be validated in future studies. Similar to Study 1, our exclusion criteria

of 1Q scores < 70 prevented us from assessing the range of intellectual abilities that may
benefit from these interventions. For example, MBSR might not be feasible for those with
severe language impairments, limiting the generalizability to the larger population of adults
with ASD. Lastly, health-and disability-related QoL improvements need to be interpreted in
the absence of autism-specific QoL improvements. QoL measures that were not specifically
developed for the ASD population (e.g. WHO BREF and DAS) may not effectively capture
subjective well-being for autistic adults [43, 51].

Study 2 conclusions

This pilot study is the first to identify MBSR-associated benefits to disability-related QoL
in adults with ASD over and above a support/education control intervention. Further, we
contribute to the emerging research suggesting MBSR is effective in improving mental
health in adults with ASD, and present novel findings that the same mental health benefits
can be gained from a social support group with freely available relaxation education. The
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latter expands mental health options for the autistic community who may have financial or
other barriers to accessing an MBSR group.

Overall conclusions

In a phased approach, this series of studies elucidated the effects of sex, age, and their
interaction on HRQoL (Study 1) and evaluated the effectiveness of MBSR for improving
health-, disability-, and autism-related QoL, with possible sex and age outcome moderators,
in adults with ASD (Study 2). The most salient, collective findings are that: (1) men and
women with ASD do not experience equivalent HRQoL reductions, and difficulties may

be dynamic across the adult lifespan, (2) psychosocial interventions broadly may only be
effective for improving HRQoL in women with ASD, and (3) MBSR may have specific
efficacy for improving disability-related QoL in men and women with ASD across the adult
lifespan. Ideally, this knowledge can be expanded and incorporated into precision medicine
strategies for improving QoL in adults with ASD across the lifespan.
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Relationship between age and physical HRQoL
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A Mean (= SE) SF-36 physical composite scores (PCS) in ASD and NT groups separated

by sex. Women with ASD had reduced physical health-related quality of life (HRQoL)
compared to other groups. B The relationship between age and physical HRQoL across all
participants shows worse physical HRQoL is associated with older age. C Mean (+ SE)
SF-36 mental composite scores (MCS) in ASD and NT groups separated by sex. Adults with
ASD had reduced mental (HRQoL) with no sex differences. D The relationship between age
and mental HRQoL in ASD and NT groups separated by sex. Only women with ASD show
a significant positive association between age and mental HRQoL
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Intervention effects on self-reported disabilitiy-related QoL
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Fig. 3.
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T
Pre Post

Pre- and post-intervention mean (+ SE) WHOQOL scores in mindfulness-based stress
reduction (MBSR) and support/education groups on A the BREF psychological domain,

B self-report disability assessment schedule (DAS), and C proxy-report DAS. Both groups
improved in mental health-related quality of life (HRQoL), but only the MBSR group
improved in disability-related QoL
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Intervention by sex effects on mental HRQoL
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Intervention by sex effects on physical HRQoL
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Fig. 4.

Pre

Pre- and post-intervention mean (+ SE) WHOQOL BREF scores in mindfulness-based stress
reduction (MBSR) and support/education groups separated by sex on A the physical and B
psychological domain. Women with ASD in both intervention groups improved in physical

and mental HRQoL, but men did not significantly change
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Table 3

Study 1: multiple regression for SF-36 physical and mental composite scores

Beta coefficients  t Statistic p Value
Physical ~ Diagnosis .288 .945 .347
Age - 216 -2023  u5*
Sex -.002 -.018 .986
1Q .041 490 .625
Diagnosis x Age -.320 -1.022 .309
Diagnosis x Sex - .617 -2.005 047%
Diagnosis x Sex x Age  .223 732 466
Mental ~ Diagnosis -.843 -3.171 002%
Age .102 1.092 277
Sex -.035 - .366 715
1Q -.030 -.419 .676
Diagnosis x Age 337 1.234 .220
Diagnosis x Sex -.512 -1.906 .059
Diagnosis x Sex x Age  .555 2.087 039%

*
Significance = p<0.05
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