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Abstract

The symptoms of Autism Spectrum Disorder (ASD) have been suggested to manifest from
atypical functioning of the autonomic nervous system (ANS), leading to altered arousal and
atypical processing of salient stimuli. Coherent with this, persons with ASD show heightened
autonomic activity, sleep difficulties, and structural and neurochemical alterations within the
ANS. Recently, we observed decreased pupil responses to human faces in children with ASD. In
the current study, we found differences in baseline (tonic) pupil size, with the ASD group
exhibiting a larger pupil size than age-matched controls. Pupil responses are sensitive and reliable
measures of ANS functioning, thus, this finding highlights the role of the ANS, and may provide
clues about underlying neuropathology.
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Since the initial description of Autism Spectrum Disorder (ASD) by Kanner (1943), it has
been hypothesized that ASD symptomology may manifest from a more basic
neuropsychological deficit in arousal or alertness (Dawson & Lewy, 1989; Ornitz, 1969),
which may themselves be traced to atypical functioning of the autonomic nervous system
(ANS) (Hirstein, Iversen, & Ramachandran, 2001). Consistent with this hypothesis are
reports of reduced amount and quality of sleep (Daoust, Limoges, Boldue, Mottron, &
Godbout, 2004; Williams, Sears, & Allard, 2004), and heightened autonomic responses at
rest in persons with ASD, relative to controls. These ANS responses include higher skin
conductance (SC) (Hirstein et al., 2001; Zahn, Rumsey, & Van Kemmen, 1987), heart-rate
(HR) (Hirstein et al., 2001; Ming, Julu, Brimacombe, Connor, & Daniels, 2005) blood
pressure (Ming et al., 2005), and respiratory rate (Zahn et al., 1987). In addition, persons
with ASD show a lack of HR increase to potentially stressful stimuli (Goodwin et al., 2006),
and a lack of SC increase to human presence (Hirstein et al., 2001). Furthermore, we
recently found children with ASD to have a decreased pupil size to human faces, particularly
while inspecting the internal features of the face, while age-matched controls showed an
increase in pupil size (Anderson, Colombo, & Shaddy, 2006). A balance of inhibitory and
excitatory activity within the sympathetic and parasympathetic divisions of the ANS
determines the level of autonomic activity in multiple organs systems (Shields, 1993) and
prepares an individual to respond appropriately to incoming information (Aston-Jones &
Cohen, 2005). Thus, structural and/or neurochemical impairment within the ANS would
lead to an altered balance, and could play a major role in the heightened tonic (baseline or
at-rest) autonomic responses, atypical sleep patterns, and differential processing of salient
information seen in aberrant task-specific ANS responses in ASD.
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Evaluation of pupil size has long been used to assess neurological functioning, and has been
used in both clinical and typical populations to assess alertness and cognitive processing
(Loewenfeld, 1999). This is because pupillary responses are more reliable and sensitive to
small-scale changes and small sample sizes than other autonomic measures (Kahneman,
Tursky, Shapiro, & Crider, 1969). Thus, the measurement of pupil size in ASD could prove
to be valuable in early detection of ASD and understanding its underlying pathology. The
parasympathetic division of the pupillary system is primarily mediated by acetycholine
(ACh) and reduction in cholinergic receptor number has been found in persons with ASD
(Bauman & Kemper, 1994; Martin-Ruiz et al., 2004). The sympathetic division of the
pupillary system is primarily mediated by norepinephrine (NE) (Hou, Langley, Szabadi, &
Bradshaw, 2007; Stenberg, 2007; Szabadi & Bradshaw, 1996) and increases in plasma levels
of NE have also been found in those with ASD (e.g., Cook et al., 1990; Lake, Ziegler, &
Murphy, 1977). These facts suggest the pupillary system as a potentially powerful marker
for ASD (e.g., Anderson et al., 2006). Here we sought to analyze tonic (baseline) pupillary
responses, obtained from our previous investigation, since many other autonomic indicators
of ASD are evident at baseline or rest. To our knowledge, examination of tonic pupil size in
ASD has not been previously reported.

Participants consisted of 22 children (23—70 months of age) whose data were obtained from
our previous investigation (Anderson et al., 2006). Participants were divided among three
groups: ASD (n = 7), mental age-match (MA; n = 6), or chronological age-match (CA; n =
9). The ASD group consisted of children who had a previous diagnosis of Autism or
Pervasive Developmental Disorder-Not Otherwise Specified (PDD-NOS) (mental age, M =
32; chronological age, M = 48). The MA group was matched with the ASD group on both
mental (M = 38) and chronological age (M = 46), and the CA group was matched with the
ASD group on chronological age (M = 49). All participants were free of impairments in
vision, hearing, and/or motor function, and were healthy and medication-free. Additional
information on group composition, descriptives, matching strategies, and inclusion/
exclusion criteria for the current participants have been described elsewhere (Anderson et
al., 2006).

The experimental paradigm, stimuli, and eye-tracking procedures have also been described
(Anderson et al., 2006). Briefly, we presented the participants with eight face (human and
animal) and non-face (toys and land-scapes) static photographs (2 from each category) for
15 s each, using an Applied Science Laboratory (ASL) eye-tracking system (Applied
Science Laboratory, 2001), with GazeTracker interface software (Eye-Gaze Response
Interface Computer Aid, 2001). A blank gray interstimulus slide was presented before and
after each stimulus for 3, 5, 7, 9, 11, 13, 15, and 17 s; these times were randomly dispersed
within each stimulus set. The interstimulus slides were matched for luminance (5.1 Ix) and
size (25.8 cm2; visual angle = 5.45°).

To examine tonic pupil size, we derived pupillary data from each of the nine interstimulus
slides for all participants. Only pupil responses that occurred while the subject was looking
at the interstimulus slide were used in the analysis. Pupil data was inspected and corrected
for artifacts using methods previously described (Anderson et al., 2006), and a mean pupil
size and pupil waveform (i.e., pupil size changes across time; an average pupil size was
computed every .12 s then plotted over time to obtain a pupil waveform) was obtained for
each of the nine interstimulus slides.

A repeated-measures analysis of variance (ANOVA) revealed no differences as a function of
the ordinal position of the nine interstimulus slides [F (8, 64) = 1.18, p = .328]; thus, we
averaged pupil size and pupil wave-forms across these slides to form an overall average
tonic pupil size and average pupil waveform. We examined between-group differences in
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tonic pupil size using a oneway ANOVA, revealing a significant difference between the
groups [F (2,19) = 3.863, p = .039], with a large effect size (z2 = .29; d = 1.359; Hedges’ g =
1.30) even when the sample size is accounted for (this is adjusted in the Hedges’s g
estimate; Hedges & Olkin, 1985). More specifically, the ASD group had a significantly
larger tonic pupil size (n = 7; M = 2.79; SD= 0.54) than either the MA (n = 6; M = 3.10; SD
=0.64) (p =.035) or CA (n=9; M =3.10; SD = 0.48) (p = .020) groups, who did not differ
from each other (p = .987) (Fig. 1).

We examined between-group differences in pupil waveforms using a repeated-measures
ANOVA, revealing a significant main effect of pupil size [A =.378, F (6, 13) =3.563,p =.
026, z2 = .622], with a significant linear decrease across time [F (1, 18) = 12.995, p = .002,
Z2 = .419]. More specifically, pupil size decreased significantly between .24 (M = 3.354)
and .36 s (M = 3.263, p =.001), and between .36 and .48 s (M = 3.214, p =.042). As
revealed in the previous analysis, there was also a significant main effect of group [F (2, 18)
=4.099, p = .034, z2 = .313], with the same follow-up results. However, the group by pupil
interaction was not significant [A = .546, F (12, 26) = .765, p = .679, Z2 = .261], indicating
that the decrease in pupil size across time does not vary as a function of diagnostic group.
Thus, average tonic pupilsize is the only measure, from these analyses, that significantly
distinguishes the ASD group from age-matched controls (Fig. 2).

We were concerned that tonic pupil size might have mediated phasic pupil responses to
human faces, found in our previous study (Anderson et al., 2006). To address this question,
we partialled tonic pupil size from the previously observed decrease to faces; the previous
effect remained significant [rp (16) = .65, p = .003], indicating that tonic pupil size was in
fact independent of the differential phasic pupil responses to human faces that we have
previously reported (Anderson et al., 2006). In addition, analyses also indicate that the
stimulus presented prior to the interstimulus period, which tonic pupil size was derived, had
no effect on tonic pupil size. These analyses suggest that tonic and phasic pupil responses
may reflect independent cognitive and neurological processes, which are both separately
implicated in ASD.

A discriminant analysis conducted to determine whether tonic pupil size successfully
identified group membership was significant [A =.71, j2 (2, N = 22) = 6.48, p = .039]. The
analysis successfully predicted group membership for 59% of the participants, with a cross-
validated classification using the “leave-one-out” technique correctly classifying 23% of the
cases. In particular, group membership classification using tonic pupil size as a predictor
yielded 71% correct classification (71% cross-validated) for the ASD group, 33% (0%
cross-validated) for the MA group, and 67% (0% cross-validated) for the CA group; thus,
the ability of tonic pupil size to predict group membership warrants further investigation
(Table 1).

The results of this study are consistent with previous reports indicating a heightened level of
ANS functioning in ASD. Pupil size is symptomatic of ANS balance, and this balance can
be altered by age, level of arousal or alertness, and/or neural impairment within the pupillary
system (Loewenfeld, 1999). Because the ASD group was age-matched with controls,
however, the larger tonic pupil size cannot be attributed to age effects among our
participants. Given the large effect size of this phenomenon, our small sample size is
acceptable; however, replication with a larger sample would enable additional assessment of
age effects through group-by-age interactions. It is possible that heightened autonomic
responses in ASD are reflective of increased arousal, which may be the result of increased
stress caused by the testing environment. However, based on neurochemical (Bauman &
Kemper, 1994; Cook et al., 1990; Lake et al., 1977; Martin-Ruiz et al., 2004) and
neuroanatomical studies in ASD (Bailey et al., 1998; Bauman & Kemper, 1994; Rodier,
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Ingram, Tisdale, Nelson, & Romano, 1996; Weidenheim et al., 2001), it is also plausible that
the larger tonic pupil size is reflective of pathology within the pupillary system. Thus, future
studies examining the relation between pupil size and neural structure and function will help
to determine the source (neural or environmental) of these heightened tonic pupil responses.
In addition, because our MA group was heterogeneous, in terms of delay area, replication of
this study with more homogeneous clinical controls (e.g., Down syndrome) will be
necessary to determine whether this response is specific to ASD. Finally, some autonomic
responses such as blood pressure, respiration rate, and HR have been found to be with
correlated body mass index (BMI) (e.g., Gelber, Pfeifer, Dawson, & Schumer, 1997; Nagai
& Moritani, 2004, Pitzalis et al., 2000). However, no such relationship has been found with
pupillary responses (Filipe, Falcao-Reis, Castro-Correia, & Barros, 2003; Hendriksen, Oey,
Wieneke, Bravenboer, & Banga, 1992; Piha, Rommemaa, & Koskenvuo, 1994), and thus
BMI was not measured in the current study. However, because persons with ASD have been
found to have a larger BMI compared to control groups and normative values (e.g., Mraz,
Green, Dumont-Matbieu, Makin, & Fein, 2007; Torrey, Dhavale, Lawlor, & Yolken, 2004;
Webb et al.,2007; Whiteley, Dodou, Todd, & Shattock, 2004), it may be prudent to include
BMI in future studies to ensure that pupil size is not confounded by the larger BMI of those
with ASD.

In summary, the results of this report indicate a larger tonic pupil size in children with ASD.
This may implicate atypical processes in cognitive and/or neurological function. Thus,
future investigations aimed at replicating and extending these findings to examine the
neurological basis of both tonic and phasic pupil responses in ASD is warranted, and may
help to clarify the neuropathology of the disorder. In addition, because the preliminary
results of the discriminant analysis indicate that tonic pupil size correctly classified 71% of
the ASD group, further investigation into the ability of tonic pupil size to predict group
membership is warranted and may lead to further examination of this measure as an early
indicator of ASD.
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FIGURE 1.

Mean pupil size during the nine interstimulus slides for the Autism Spectrum Disorder
(ASD), mental age-match (MA), and chronological age-match (CA) groups, presented in the
bar graph. Mean pupil size and standard deviation during the nine interstimulus slide for
each individual subject, organized by group, presented in the scatterplot
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FIGURE 2.

Mean pupil waveforms from. 12 to .84 s across the nine interstimulus slides for the Autism
Spectrum Disorder (ASD), mental age-match (MA), and chronological age-match (CA)
groups.
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Table 1

Classification Results of Group Membership

Predicted group

Actual group ASD MA CA
ASD 5(71%) 2(29%) 0 (0%)
MA 1(17%) 2(33%) 3 (50%)
CA 3(33%) 0(0%) 6 (67%)

Numbers represent the number of subjects predicted to be in group based on tonic pupil size. The number in parentheses is the percentage of the
actual group.

ASD, autism spectrum disorder; MA, mental age-match; CA, chronological age-match.
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