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A B S T R A C T   

Background: Autistic children are prone to experience heightened levels of distress and physiological reactivity to 
a range of sensory, social, and emotional stimuli. In line with this, multiple studies have demonstrated that 
autistic children have higher acute cortisol stress responses to adverse or threatening stimuli and altered cortisol 
awakening responses. However, few studies have examined whether this sensitivity may relate to heightened 
levels of chronic stress and persistently elevated hypothalamic-pituitary-adrenal (HPA) axis activity. The mea-
surement of cortisol accumulation in hair is considered a non-invasive biomarker of chronic stress and has been 
associated with several childhood diseases. Here, we investigated whether hair cortisol concentration in a large 
sample of autistic children differed from non-autistic children, and after accounting for a range of child, parental 
and family-level characteristics. 
Methods: Hair cortisol concentration was measured in 307 autistic children and 282 non-autistic controls aged 
between 2 and 17 years recruited from four Australian states who participated in providing hair samples and 
demographic data to the Australian Autism Biobank. Independent samples t-test or one-way analysis of variance 
(ANOVA) were conducted to determine significant differences in the mean hair cortisol concentration (pg/mg) 
between potential covariates. Primary analysis included multivariable regression modelling of the collapsed 
sample to identify variables that were significantly associated with hair cortisol concentration after controlling 
for covariates. We also accounted for the potential interaction of multiple biological (e.g., age, sex, BMI) and 
psychosocial characteristics at the level of the child, the mother and the father, and the family unit. 
Results: Our findings suggest that the diagnosis of autism was not a significant predictor of chronic stress, as 
measured by hair cortisol concentration. However, findings of the multivariable regression analysis showed that 
key factors such as area of residence (Queensland vs Victorian state of residence) and decrease in child’s age were 
significantly associated with higher hair cortisol concentration whereas lower family income was significantly 
associated with higher hair cortisol concentration. 
Conclusion: To our knowledge, this is the first study to show that socioeconomic factors such as family annual 
income affect hair cortisol status in autistic children, indicating that the psychosocial environment may be a 
potential mediator for chronic stress in autistic children just as it has been demonstrated in non-autistic children.   
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1. Introduction 

Autism Spectrum Disorder (ASD) is a highly heterogeneous neuro-
developmental disorder characterised by impairments in social 
communication and the presence of restricted, repetitive behaviours and 
interests (American Psychiatric Association, 2013). Difficulties in social 
communication and interactions, such as understanding nonverbal cues, 
initiating or maintaining conversations, or interpreting social situations, 
can lead to misunderstandings, social isolation, and difficulty forming 
relationships, which can be stressful. Autistic children are prone to 
experience heightened levels of distress and physiological reactivity to a 
range of sensory, social, and emotional stimuli (Lydon et al., 2016). 
These emotional and physiological responses may be attributed to un-
derlying sensitivity to sensory stimulation or psychosocial events. 
Co-occurring physical health and mental health issues may also 
contribute to increased stress levels in autistic individuals and exacer-
bate the severity of autism traits (Lai et al., 2019; Tye et al., 2019). The 
hypothalamic-pituitary-adrenal (HPA) axis is a well-known biological 
stress pathway that can impact various aspects of health, including 
behavior, gut function, and sleep (e.g. Kennedy et al., 2014). The dys-
regulation of this pathway suggests that stress may be a critical factor in 
regulating co-occurring conditions that contribute to behavioral dis-
turbances in autistic children. Unfortunately, a substantial proportion of 
autistic children are unable to verbalise their distress due to limitations 
in communicative skills and cognitive capacity (Tager-Flusberg and 
Kasari, 2013; Maenner et al., 2023). Parental reporting of stress and 
parental perceptions of stress and quality of life may be impacted by a 
wide range of factors (Eapen et al., 2022) independent of the child’s 
stress levels and hence may have lesser utility. Further, subjectively 
reported experiences may not always align with the biological param-
eters of stress (Faurholt-Jepsen et al., 2021) and should not be consid-
ered a substitute for measuring cortisol or other stress hormones to 
understand HPA axis (dys)regulation. Hence, there is a critical need to 
identify appropriate biological markers of stress. 

The most common biological stress assessment involves measuring 
cortisol levels. Accumulating evidence indicates that measurement of 
cortisol in the blood, urine, and saliva of autistic children can provide a 
quantifiable, objective measure of distress. However, studies on this 
topic have produced inconsistent results, possibly due to small sample 
sizes, participant avoidance of needle sticks or mouth swabs, and the 
limited analytic power resulting from the unbalanced male to female 
ratio of approximately 1:3 in autism (Ratto et al., 2018; Saxbe et al., 
2017; Sharpley et al., 2016; Spratt et al., 2012). Further, two systematic 
reviews examining HPA axis function in autism and Fragile X syndrome, 
a common genetic cause of autism, have revealed significant heteroge-
neity in the assessment of HPA axis activation in biological fluids among 
autistic children (Hadwin et al., 2019; Hardiman and Bratt, 2016). Such 
heterogeneity is further compounded by the fact that the cortisol levels 
in biological fluids are vulnerable to changes in relation to acute events 
of distress and affected by the time of the day of sample collection due to 
the diurnal variation (Chung et al., 2011). Together, these issues mean 
that single time point analyses are relatively unreliable to indicate 
chronic stress. While it is possible to collect multiple samples across 
time, the practical considerations and participant burden mean this is 
typically not feasible. An ideal approach for assessing stress levels would 
be a measure that is stable over an extended time frame (weeks to 
months), does not involve self-recall, and is not biased by inherent 
biological pulsatility. 

Emerging evidence suggests that analyzing cortisol levels in hair can 
offer a reliable indication of chronic cortisol levels of up to 6 months 
(Stalder and Kirschbaum, 2012; Vives et al., 2015). Considering this, we 
conducted an exploratory study comparing hair cortisol concentrations 
between the largest group of autistic children, non-autistic siblings and 
unrelated non-autistic children to date. Additionally, we explored the 
potential use of hair cortisol in non-autistic siblings as a biomarker for 
chronic familial stress in households with one or more autistic children; 

the assumption being that the presence of an autistic child in the family 
would influence hair cortisol concentration relationships with predictor 
variables in non-autistic siblings differently to unrelated non-autistic 
children. 

2. Methods 

2.1. Participants 

Participants in this study came from the Australian Autism Biobank 
comprising autistic children and adolescents, their non-autistic siblings 
and unrelated non-autistic controls without a diagnosis of ASD and no 
first-degree autistic relatives (Alvares et al., 2018). Details of consent 
and recruitment procedures are available in the original reports (Alvares 
et al., 2018). All participants who provided a useable hair sample during 
recruitment were included in this study (N = 589). All experimental 
procedures and analyses in this paper were approved by the University 
of New South Wales Human Research Ethics Committee (HC200078) 
and permission to use the sample was obtained from Autism CRC 
(2020017_CSC). 

2.2. Clinical and behavioural measures 

Autistic traits were assessed using the Autism Diagnostic Observation 
Schedule (ADOS) (2nd edition (Hus and Lord, 2014). The ADOS is a 
semi-structured, standardized assessment of autism-linked differences in 
communication, social interaction, and restricted and repetitive be-
haviours. Higher calibrated severity scores reflect greater levels of 
autism-associated traits after accounting for age and language ability. 
For analysis, we dichotomised the sample as autistic participants and 
those without a diagnosis (siblings and controls). 

2.3. Hair sample analysis 

Hair processing and cortisol measurement was conducted by Strat-
ech Scientific (Mona Vale, Australia) according to validated protocols (e. 
g. Bryson et al., 2019). Briefly, hair samples were assessed and cut into 4 
cm lengths using the end of the hair closest to the scalp where possible. 
Hair samples were then treated with cleaning solvent and allowed to dry 
for 5 days. After 5 days, the hair was weighed for extraction and me-
chanically reduced. Extraction solvent was used for 24 h with sonication 
and tubes were dried to remove all solvent. Samples were then recon-
stituted in PBS for analysis. Cortisol concentrations were analysed in 
duplicate using a commercially available ELISA assay (Salimetrics, USA) 
according to the manufacturer’s instructions. The assay technician was 
blind to all details of participant characteristics when assaying samples 
including the diagnostic status of the sample. The mean coefficient of 
variation between duplicates was <10.1 % and the mean intra-assay 
coefficient of variance was <11 %. 

2.4. Statistical analysis 

All statistical analyses were conducted using R Studio (Version 
1.4.1564 on MacOS 10.15.7). Descriptive statistics were conducted to 
report on baseline characteristics of participants using mean and stan-
dard deviation (SD) and percentages for categorical measures. Inde-
pendent samples t-test or one-way analysis of variance (ANOVA) were 
conducted to determine significant differences in the mean hair cortisol 
concentration (pg/mg) between potential covariates. Since the distri-
bution of the outcome variable (hair cortisol concentration) was highly 
skewed, we used rank-based inverse normal transformation to normalise 
the variable to alleviate inflated type-I error (McCaw et al., 2020). Pri-
mary analysis included univariable and multivariable linear regression 
modelling to identify variables that were significantly associated with 
hair cortisol concentration after controlling for covariates. All variables 
with p-value <0.25 were included in the multivariable model. The full 
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model was reduced using backward stepwise regression to remove 
non-significant variables and only the variables that were statistically 
associated (p < 0.05) with the outcome variable remained in the final 
model. 

3. Results 

3.1. Characteristics of participants by diagnosis of Autism Spectrum 
Disorder 

The study population comprised hair cortisol data from 307 autistic 
participants and 282 non-autistic participants. Comparison of de-
mographic characteristics between autistic participants and non-autistic 
participants revealed several expected and unexpected differences be-
tween these groups (Table 1). The age distribution of autistic partici-
pants significantly differed compared to the non-autistic control group 
(p = 0.01). Reflective of 5 years being the mean age of autism diagnosis 
(van’t Hof et al., 2021), the autistic group had a smaller proportion of 
participants under 5 years old and a higher proportion between 6 and 12 
years than the non-autistic control group. The proportion of participants 
between 13 and 17 years were similar between both groups. The gender 
distribution between the groups also significantly differed (p < 0.001) 
with 3.32 fold more males in the autism group which is consistent with 
the 1:3 male to female ratio in autism while the sex distribution in the 
non-autism group was almost evenly split. While English was spoken at 
home in most households, the autism group had a significantly higher 
number of children whose household language was not English 
compared to the non-autism group (p = 0.011). There was a significantly 
higher proportion of children with other comorbid conditions in the 
autistic group than the non-autistic group (p < 0.001). 

Maternal and paternal characteristics differed between the autism 
and non-autism groups (Table 1). The mean age values of both parents 
were significantly higher for the autism group than the non-autism 
group (p < 0.001 for both). There was a significantly higher propor-
tion of both mothers (p = 0.002) and fathers (p = 0.009) born outside of 
Australia in the non-autism group compared to the autism group. There 
was a higher proportion of non-Caucasian mothers in the autism group 
(p = 0.01) but there was no proportional difference for fathers. The 
highest level of education was significantly higher for mothers and fa-
thers of children in the autism group (p ≤ 0.01 for both). The employ-
ment status of fathers but not mothers significantly differed between 
groups with more fathers in the autism group being professionals (p <
0.01). Household income did not differ between the groups (p = 0.66). 

3.2. Hair cortisol concentrations by child and parent-level characteristics 

The mean hair cortisol concentration did not differ between autistic 
children and non-autistic children without adjusting for other factors 
(Table 1). To explore whether the child’s or parents’ characteristics may 
moderate the relationship between hair cortisol concentrations and the 
diagnosis of autism, we compared hair cortisol concentrations collapsed 
by diagnostic group among key characteristics of children and parents 
(Table 2). When data were collapsed across diagnostic groups, a number 
of child or parent level characteristics significantly affected hair cortisol 
concentrations. Children aged under 5 years had significantly higher 
hair cortisol than children 5 years and older (p < 0.001). Notably, there 
was an age-dependent change in hair cortisol concentration, such that, 
hair cortisol successively reduced as children got older across the three 
age categories. Children of mothers born outside of Australia had a 
significantly higher hair cortisol level (p = 0.045). Child’s hair cortisol 
concentration significantly increased as family annual income got lower 
with children of families earning less than $70,000 having the highest 
hair cortisol concentration (p = 0.005). The mean hair cortisol con-
centration significantly differed based on the location of recruitment (p 
= 0.05), such that the mean cortisol concentration of participants in 
Western Australia was higher than the other recruitment sites. 

Table 1 
Characteristics of participants by diagnosis of Autism Spectrum Disorder.  

Characteristics Autistic 
Participants 
(Proband) (N =
307) 

Non-autistic 
Participants (Controls 
and siblings) (N = 282) 

p-value 

Child-level characteristics 
Hair cortisol, mean 

pg/mg (SD) 
9.66 (18.51) 8.50 (13.07) 0.377 

Age in years 
Up to 5 years 95 (30.9) 121 (42.9) 0.010 
6-12 years 175 (57.0) 131 (46.5) 
13-17 years 37 (12.1) 30 (10.6) 
Gender 
Male 236 (76.9) 136 (48.2) <0.001 
Female 71 (23.1) 146 (51.8) 
Do they have a twin? 
No 285 (93.4) 196 (93.8) 0.878 
Yes 20 (6.6) 13 (6.2) 
More than one autistic child in immediate family 
No 175 (61.8) 3 (100.0) 0.175 
Yes 108 (38.2) 0 (0.0) 
Child’s BMI, mean 

(SD) 
17.9 (4.1) 17.5 (3.3) 0.193 

Tanner stage 
Before puberty 80 (71.4) 49 (67.1) 0.533 
During puberty 32 (28.6) 24 (32.9) 
Type of usual residence 
Parental home 280 (98.9) 225 (98.7) 0.790 
Other residence 3 (1.1) 3 (1.3) 
Language spoken at home 
English 263 (93.6) 223 (98.2) 0.011 
Other 18 (6.4) 4 (1.8) 
Other conditions 
No 173 (56.4) 235 (83.3) <0.001 
Yes 134 (43.6) 47 (16.7) 
Total number of 

medications, mean 
(SD) 

1.1 (0.9) 1.0 (0.8) 0.460 

ADOS-2 score 6.8 (1.9) – – 
Maternal characteristics 
Mother’s age, mean 

(SD) 
39.8 (6.3) 34.2 (8.2) <0.001 

Mother’s country of birth 
Australia 171 (55.7) 121 (42.9) 0.002 
Other 136 (44.3) 161 (57.1) 
Mother’s ethnicity 
Caucasian 187 (76.3) 124 (86.7) 0.013 
Other 58 (23.7) 19 (13.3) 
Mother’s education level 
High school level 52 (21.1) 52 (36.1) 0.002 
Trade, certificate, 

other levels 
75 (30.4) 43 (29.9) 

University degree 120 (48.6) 49 (34.0) 
Mother’s employment status 
Home duties 50 (20.6) 28 (20.0) 0.893 
Professional or skilled 

labour 
193 (79.4) 112 (80.0) 

Mother’s BMI, mean 
(SD) 

27.8 (6.5) 28.1 (7.1) 0.615 

Mother’s smoking status during pregnancy 
No 227 (81.4) – – 
Yes 52 (18.6) – 
Mother’s drinking status during pregnancy 
No 81 (28.9) – – 
Yes 199 (71.1) – 
Paternal characteristics 
Father’s age, mean 

(SD) 
42.9 (7.2) 36.2 (8.6) <0.001 

Father’s country of birth 
Australia 158 (51.5) 114 (40.7) 0.009 
Other 149 (48.5) 166 (59.3) 
Father’s ethnicity 
Caucasian 199 (81.6) 118 (83.7) 0.597 
Other 45 (18.4) 23 (16.3) 
Father’s education level 
High school level 65 (27.2) 45 (32.1) 0.005 

(continued on next page) 
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3.3. Findings of the regression analysis 

To further explore the relationship between child and parental 
characteristics and normalised hair cortisol concentration, we con-
ducted univariable linear regressions (Table 3). The significant associ-
ations between child’s age, location (Western Australia), and family 
annual income with normalised hair cortisol concentration were pre-
served (p < 0.03 for all). However, by using univariable linear regression 
we unmasked several predictor relationships with normalised hair 
cortisol concentration that were not detected by assessing the difference 
between group means using t-tests. We found that autism diagnosis, BMI 
and the presence of co-occurring conditions, mother and father’s age, 
and father’s BMI, were significantly associated with normalised hair 
cortisol concentrations (Table 3). Unexpectedly autistic children had 
lower hair concentrations than non-autistic children (p = 0.005), chil-
dren with co-occurring medical conditions had lower hair cortisol con-
centrations than those without (p = 0.014), and child’s BMI, father’s 
BMI, and maternal and paternal age were significantly inversely asso-
ciated with hair cortisol concentration (p < 0.02 for all). 

Findings of the multivariable regression model of the predictors that 
were statistically significant at the final step of the full model are shown 
in Table 4. Consistent with the descriptive statistics and univariable 
regression models, increase in child’s age was significantly associated 
with lower hair cortisol concentration (p ≤ 0.016), thus suggesting that 
children aged under 5 years had significantly higher normalised hair 
cortisol concentration than older children. We also found that an in-
crease in family annual income was significantly associated with a 
decrease in normalised hair cortisol levels (p = 0.001). Recruitment site 
significantly affected normalised hair cortisol concentration, wherein 
compared to Victoria, the Queensland cohort had significantly higher 
levels of normalised hair cortisol levels (p = 0.024). The Western 
Australia and NSW sites also had higher cortisol levels, but the findings 
were non-significant. To further explore whether the recruitment site 
differences may be explained by differences in the distribution of family 
or child characteristics, we assessed interactions between site and the 
significant predictors from the univariable linear regression. No signif-
icant interactions between site and participant age, participant diag-
nosis, participant BMI, participant co-occurring condition, parental age, 
father’s BMI, and family income were found. Finally, to explore if a 
shared household environment among autistic children and their non- 
autistic siblings influenced these findings, we repeated the 

Table 1 (continued ) 

Characteristics Autistic 
Participants 
(Proband) (N =
307) 

Non-autistic 
Participants (Controls 
and siblings) (N = 282) 

p-value 

Trade, certificate, 
other levels 

79 (33.1) 62 (44.3) 

University degree 95 (39.7) 33 (23.6) 
Father’s employment status 
Professional 118 (52.4) 39 (30.0) <0.001 
Skilled labour 107 (47.6) 91 (70.0) 
Father’s BMI, mean 

(SD) 
28.0 (4.8) 28.2 (4.7) 0.789 

Father’s smoking status during pregnancy 
No 195 (75.3) – - 
Yes 64 (24.7) – 
Father’s drinking status during pregnancy 
No 46 (17.6) – – 
Yes 215 (82.4) – 
Family annual income 
Up to AUD 70,000 per 

year 
62 (28.3) 45 (32.6) 0.656 

AUD 70,001 – 
104,000 per year 

66 (30.1) 41 (29.7) 

Over AUD 104,000 
per year 

91 (41.6) 52 (37.7) 

Note: p-value computed from Independent samples t-Test or one-way ANOVA. 

Table 2 
Hair cortisol concentrations by child and parent-level characteristics.  

Characteristics N =
589 

Hair cortisol concentration 
(pg/mg) 

p-value 

Site 
Western Australia 203 11.43 (22.36) 0.050 
Victoria 85 6.37 (6.40) 
New South Wales 104 8.03 (11.27) 
Queensland 197 8.31 (12.22) 
Child-level characteristics 
Child’s age 
Up to 5 years 216 12.52 (23.22) <0.001 
6-12 years 306 7.35 (8.82) 
13-17 years 67 5.67 (8.63) 
Gender 
Male 372 8.48 (12.32) 0.246 
Female 217 10.05 (20.65) 
Participant type 
Autistic (includes ASD- 

undefined group) 
307 8.50 (13.07) 0.377 

Non-autistic (siblings and 
control group) 

282 9.66 (18.51) 

Do they have a twin? 
No 481 8.95 (17.14) 0.832 
Yes 33 8.31 (7.55) 
More than one autistic child in immediate family 
No 178 8.06 (10.32) 0.305 
Yes 108 9.75 (17.52) 
Tanner stage 
Before puberty 129 6.55 (8.35) 0.130 
During puberty 56 5.07 (4.72) 
Type of usual residence 
Parental home 505 7.89 (9.28) 0.376 
Other residence 6 20.01 (30.58) 
Language spoken at home 
English 486 7.88 (9.58) 0.336 
Other 22 9.92 (12.24) 
Other conditions 
No 408 9.83 (18.13) 0.077 
Yes 181 7.32 (8.85) 
Maternal characteristics 
Mother’s country of birth 
Australia 292 7.74 (8.95) 0.045 
Other 297 10.35 (20.50) 
Mother’s ethnicity 
Caucasian 311 7.83 (9.45) 0.518 
Other 77 8.62 (9.70) 
Mother’s education level 
High school level 104 8.03 (9.14) 0.846 
Trade, certificate, other levels 118 8.32 (10.48) 
University degree 169 7.67 (8.95) 
Mother’s employment status 
Home duties 78 8.37 (10.47) 0.595 
Professional or skilled labour 305 7.74 (9.14) 
Mother’s smoking status during pregnancy 
No 227 7.82 (10.87) 0.974 
Yes 52 7.77 (9.16) 
Mother’s drinking status during pregnancy 
No 81 8.08 (10.16) 0.799 
Yes 199 7.72 (10.71) 
Paternal characteristics 
Father’s country of birth 
Australia 272 8.09 (10.12) 0.168 
Other 315 9.91 (19.59) 
Father’s ethnicity 
Caucasian 317 7.82 (9.28) 0.413 
Other 68 8.86 (10.54) 
Father’s education level 
High school level 110 8.98 (11.66) 0.476 
Trade, certificate, other levels 141 7.77 (8.17) 
University degree 128 7.56 (8.98) 
Father’s employment status 
Professional 157 7.57 (8.81) 0.421 
Skilled labour 198 8.40 (10.19) 
Father’s smoking status during pregnancy 
No 195 7.44 (10.48) 0.304 
Yes 64 9.04 (11.45) 

(continued on next page) 
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multivariable regression model analysis with non-autistic siblings 
removed. No changes to the significant predictors of hair cortisol were 
found (Supplementary Table 1). 

4. Discussion 

To our knowledge, this is the largest study of hair cortisol concen-
tration to be reported in autistic children. Additionally, this is the most 
comprehensive assessment of child, parental, and household/psycho-
social characteristics in relation to hair cortisol concentrations in 
autistic children and non-autistic siblings and controls. Our findings 
suggest that chronic stress, as measured by hair cortisol concentration, 
does not differ between autistic children and non-autistic children when 
other individual attributes are taken into account. Such findings 
contradict the conclusions from some of the previous findings, including 
those by Ogawa et al. who reported hair cortisol level to be higher in 34 
autistic children compared to 12 age-matched typically developing 
children (Ogawa et al., 2017). While this discrepancy may be attribut-
able to differences in study protocols, statistical modelling, and partic-
ipant characteristics, the current findings from a larger sample of 
children may indicate that chronic stress as indicated by hair cortisol 
concentration may be impacted by factors other than diagnosis such as 
age and psychosocial factors in autistic children. In this regard, our 
findings are supported by other studies assessing cortisol in saliva or 
blood of autistic children that have found no differences based on 
diagnosis (De Vaan et al., 2020) and at baseline prior to acute stress 
exposure (Spratt et al., 2012). Further, the current findings do not 
contradict previous research that has demonstrated that autistic chil-
dren display enhanced acute cortisol reactivity to stress (Corbett et al., 
2006; Spratt et al., 2012). Instead, the nature and type of events capable 
of inducing elevated blood or saliva cortisol or the magnitude and 
duration of their increases across a period of weeks or months may not 
be sufficient to translate to higher hair cortisol concentrations. 

The findings from the multivariable regression model revealed 
several key individual characteristics – child’s age, family income, and 
residential location (state), as significantly associated with hair cortisol 
concentration. Each of these factors might act as a stronger contributor 
to the variation in hair cortisol concentrations than the diagnosis of 
autism. Family income and residential site are known to be associated 
with HPA axis activation or modulation and represent lifestyle variables 
that are chronic in nature, supporting the contention that hair cortisol 
concentration effectively reflects persistent psychosocial and lifestyle 
stressors. Previous findings have demonstrated family income and res-
idential characteristics to influence hair cortisol (Gray et al., 2018; 
Kunin-Batson et al., 2023; Rippe et al., 2016; Vaghri et al., 2013), 
especially in typically developing children. To our knowledge, this is the 
first time that psychosocial factors such as family income have been 
demonstrated to affect autistic children’s hair cortisol levels, suggesting 
that poor socioeconomic background may be a potential mediator for 
chronic stress in autistic children just as it has been demonstrated in 
non-autistic children. For example, Vliegenthart et al.’s (2016) study 
found that neighbourhood level socioeconomic status based on neigh-
bourhood measures of income, education and employment was 

significantly associated with hair cortisol adjusted for age and sex 
(Vliegenthart et al., 2016). In this regard, our findings that the children 
from the Queensland site significantly differed in hair cortisol concen-
tration from the Victorian site (which had the lowest mean normalised 
hair cortisol concentration) deserve further exploration as to whether 
specific neighbourhood socioeconomic factors and sample ascertain-
ment bias may explain this finding. Our own investigation into whether 
interaction of any of the significant predictors from the univariable 
linear regression (Table 3; participant age, participant diagnosis, 
participant BMI, participant co-occurring condition, parental age, fa-
ther’s BMI, and family income), yielded no significant location-based 
differences. However, we did not have access to residential postcode 
data that would allow more granular analysis to help identify if the 
distribution of participants between sites differed based on population 
density and environmental factors. In this regard, there is emerging 
evidence that residential areas such as urban upbringing could be 
associated greater cortisol excretion levels in response to acute stress 
(Steinheuser et al., 2014). 

Our finding that family income was inversely associated with hair 
cortisol concentration is consistent with evidence of a positive associa-
tion between socioeconomic status, of which income is a critical factor, 
and mental as well as physical health and wellbeing (Australian Institute 
of Health and Welfare, 2022). It is possible that family income impacts 
cortisol reactivity through stress responses associated with economic 
pressures and consequent household burden that should be further 
explored. Previous evidence also indicates similar conclusions that 
children from very low income households have higher hair cortisol 
accumulations (Kunin-Batson et al., 2023; Rippe et al., 2016; Vaghri 
et al., 2013). Taken together, these lines of evidence support that family 
income and its psychosocial consequences may have a unique impact on 
children’s stress responses. 

For the first time we show an age-associated change in hair cortisol 
concentration in a large sample of autistic children and demonstrate the 
same trajectory and association of hair cortisol with age as typically 
developing children. Hair cortisol concentration was significantly 
negatively associated with age. Children aged under 5 had the highest 
cortisol concentration that declined with increase in age. Reflective of 5 
years being the mean age of diagnosis for ASD (van’t Hof et al., 2021), 
the autistic group had a smaller proportion of participants under 5 years 
old and a higher proportion between 6 and 12 years than the 
non-autistic control group. Given that the univariable analyses indicated 
autistic participants to have lower cortisol than non-autistic partici-
pants, it is possible that participant type influenced the significant 
age-related association observed. However, the final multivariable 
regression model of the collapsed sample indicated participant age to be 
a better predictor of hair cortisol than participant type. Therefore, this 
finding may also reflect the impact of household stress and psychosocial 
adversity being most evident in preschool children, or even an 
age-related association with maternal cortisol levels. For, instance, Perry 
et al. (2022) found that younger children’s hair cortisol concentration 
was more strongly associated with the mother’s hair cortisol concen-
tration than older children, which may explain the age-related decline in 
hair cortisol concentrations of children in our sample. Unfortunately, 
parental hair was not collected but future studies are encouraged to 
consider sampling parents in addition to their autistic children given the 
elevated burden, psychological distress and lower social support that has 
been reported among parents of autistic children (Picardi et al., 2018). 
This type of investigation may also help inform the family 
income-associated effects on child’s hair cortisol concentration which is 
plausibly a stronger source of chronic stress for the parents. 

Not all investigations of hair cortisol concentration and age in chil-
dren are consistent with our findings. To our knowledge, the majority of 
studies report no association between age and hair cortisol concentra-
tion in children (Gerber et al., 2017; Rippe et al., 2016; Simmons et al., 
2016) when recruiting within the 6–12 year age bracket. However, it is 
possible that had these studies recruited a sample of younger 

Table 2 (continued ) 

Characteristics N =
589 

Hair cortisol concentration 
(pg/mg) 

p-value 

Father’s drinking status during pregnancy 
No 46 7.34 (8.42) 0.839 
Yes 215 7.68 (10.63) 
Family annual income 
Up to AUD 70,000 per year 107 9.33 (9.72) 0.005 
AUD 70,001 to 104,000 per 

year 
107 8.52 (8.73) 

Over AUD 104,000 per year 143 6.09 (6.25) 

Note: p-values computed from Independent samples t-Test or one-way ANOVA. 
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Table 3 
Univariable linear regression.  

Characteristics Coefficient (b) (95% CI) SE t F Adjusted R2 p-value 

Site 
Victoria Reference      
New South Wales 0.039 0.145 0.272 3.065 0.0104 0.028 
Queensland 0.166 0.129 1.292 
Western Australia 0.325* 0.128 2.530 
Child-level characteristics 
Child’s age 
Up to 5 years Reference      
6-12 years − 0.473*** 0.086 − 5.515 21.32 0.0646 <0.001 
13-17 years − 0.716*** 0.135 − 5.299 
Gender 
Male Reference      
Female 0.150 0.085 1.763 3.107 0.0036 0.079 
Participant type 
Non-autistic (siblings and control group) Reference      
Autistic − 0.226** 0.082 − 2.759 7.614 0.0111 0.005 
Do they have a twin? 
No Reference      
Yes 0.106 0.181 0.587 0.344 − 0.0013 0.558 
More than one autistic child in immediate family 
No Reference      
Yes 0.029 0.130 0.228 0.052 − 0.0033 0.820 
Tanner stage 
Before puberty Reference      
During puberty − 0.073 0.154 − 0.477 0.228 − 0.0042 0.634 
Type of usual residence 
Parental home Reference      
Other residence − 0.085 0.401 − 0.212 0.045 − 0.0019 0.832 
Language spoken at home 
English Reference      
Other 0.296 0.212 1.399 1.957 0.0019 0.162 
Other conditions 
No Reference      
Yes − 0.220* 0.089 − 2.470 6.102 0.0086 0.014 
Child BMI − 0.031** 0.011 − 2.834 8.030 0.0123 0.005 
Total number of medications − 0.182 0.010 − 1.832 3.355 0.0167 0.069 
Maternal characteristics 
Mother’s age − 0.023*** 0.007 − 3.523 12.41 0.0284 0.001 
Mother’s country of birth 
Australia Reference      
Other 0.123 0.082 1.499 2.246 0.0021 0.135 
Mother’s education level 
High school level Reference      
Trade, certificate, other levels − 0.066 0.131 − 0.504 0.161 − 0.0043 0.851 
University degree − 0.061 0.122 − 0.504 
Mother’s employment status 
Home duties Reference      
Professional or skilled labour − 0.040 0.123 − 0.327 0.107 − 0.0023 0.744 
Mother’s smoking status during pregnancy 
No Reference      
Yes − 0.057 0.156 − 0.367 0.135 − 0.0031 0.714 
Mother’s drinking status during pregnancy 
No Reference      
Yes − 0.082 0.133 − 0.617 0.381 − 0.0022 0.537 
Mother’s BMI − 0.005 0.008 − 0.636 0.404 − 0.0016 0.525 
Paternal characteristics 
Father’s age − 0.020*** 0.006 − 3.364 11.31 0.0267 0.001 
Father’s country of birth 
Australia Reference      
Other 0.136 0.083 1.646 2.711 0.0029 0.100 
Father’s education level 
High school level Reference      
Trade, certificate, other levels − 0.022 0.124 − 0.176 0.084 − 0.0049 0.920 
University degree − 0.051 0.127 − 0.405 
Father’s smoking status during pregnancy 
No Reference      
Yes 0.089 0.146 0.609 0.371 − 0.0024 0.543 
Father’s drinking status during pregnancy 
No Reference      
Yes − 0.028 0.163 − 0.173 0.030 − 0.0037 0.863 
Father’s BMI − 0.028* 0.012 − 2.357 5.558 0.0151 0.019 
Family annual income 
Up to AUD 70,000 per year Reference      
AUD 70,001–104,000 per year 0.017 0.126 0.134 7.762 0.0366 0.001 
Over AUD 104,000 per year − 0.383** 0.118 − 3.256 
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participants, they may have unmasked an age-related effect. For 
instance, we found the most dramatic difference in hair cortisol con-
centration between children under 5 years to those between 5 and 12 
years. There was a less pronounced decline in hair cortisol concentration 
in children over 12 years old. Consistent with our contention that a 
wider age distribution may be required to capture age-related hair 
cortisol level differences in children, a recent longitudinal study by 
Gunnar et al. (2022) found hair cortisol concentration significantly 
declined across early childhood and plateaued in middle childhood 
(Gunnar et al., 2022) and other studies report an age-related decline in 
hair cortisol concentration across children and teens (Perry et al., 2022; 
Wagner et al., 2019). Paradoxically, White and colleagues (2017) 
discovered a significant positive association between hair cortisol con-
centration and age in children younger than the age of five. However, 
the primary goal of this study was to investigate the impact of 
maltreatment on hair cortisol concentration in children which inter-
acted with the age effect (White et al., 2017). One possible explanation is 
that in this instance of extreme traumatic circumstances, the impact may 
be different with older children being impacted more. 

Therefore, a key strength of this study was our large sample size and 
consideration of demographic, social and phenotypic characteristics of 
our participants, which enabled a nuanced and holistic assessment of the 
relationship between hair cortisol concentration and autism. We 
objectively measured chronic stress by using hair cortisol concentration. 
Our analyses were robust, with blinded analysis of hair cortisol con-
centration, comprehensive statistical analysis, and consideration of po-
tential influencing covariates. This is evidenced by several significant 
predictors of the univariable linear regressions that were surprisingly 
negatively associated with hair cortisol concentration. These include 
participant diagnosis, child BMI and the presence of co-occurring med-
ical conditions, which have previously been reported to increase cortisol 
levels (Feller et al., 2014; Rippe et al., 2016; Vaghri et al., 2013). Given 
that these characteristics were not significant predictors in the multi-
variate regression model, these negative associations are likely to be 
artefacts of the significant age-related association and the higher cortisol 
levels occurring in children from families that are financially struggling 
discovered using the multivariable regression modelling. However, our 
study is limited by its cross-sectional design, meaning we were unable to 
demonstrate how family characteristics may dynamically influence hair 
cortisol concentration within individuals over time. Future studies are 
encouraged to adopt longitudinal experimental designs to unmask po-
tential time-dependent relationships. It is also worth noting that the 
relationship between hair cortisol concentration and autism diagnosis, 

age, income and other demographic factors were measured categorically 
whereas analysis of these factors as continuous variables may yield 
further insights, especially in regard to the extent that individual autistic 
traits may be associated with chronic stress. 

5. Conclusion 

The current study, the largest of its kind involving autistic children, 
their siblings and non-autistic controls to date, suggests that hair cortisol 
concentration can be used as a potential biomarker of chronic stress and 
HPA axis modulation in response to psychosocial and lifestyle factors. 
Our findings offer promising insights into the experience of chronic 
stress in autistic children, suggesting that autism diagnosis plays a 
limited role in the variation in physiological stress responses compared 
with other individual factors. Assessment of parent hair cortisol con-
centrations in future studies may offer insights into the age, family and 
socioeconomic factors associated with hair cortisol concentration. 
Further research is warranted to ascertain if hair cortisol concentration 
can provide greater specificity and differentiation as a biomarker of 
autism characteristics or severity if used in conjunction with other 
biological parameters responsive to stress, such as microbiome or im-
mune status, in addition to the psychosocial and anthropometric char-
acteristics explored here. 
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Table 4 
Multivariable linear regression model (Final step of the model).  

Characteristics Coefficient (b) SE t-value p-value 

Site 
Victoria Reference    
New South Wales 0.118 0.194 0.604 0.546 
Queensland 0.424 0.187 2.270 0.024 
Western Australia 0.375 0.199 1.884 0.061 
Child-level characteristics 
Child’s age 
Up to 5 years Reference    
6-12 years − 0.295 0.121 − 2.429 0.016 
13-17 years − 0.600 0.222 − 2.700 0.007 
Family annual income 
Up to AUD 70,000 per year Reference    
AUD 70,001 to 104,000 per year − 0.044 0.135 − 0.328 0.743 
Over AUD 104,000 per year − 0.419 0.128 − 3.281 0.001 

Note: p-values computed from multivariable linear regression modelling. Var-
iables with a p-value <0.25 from the univariable regression model were 
included in the final multivariable regression model. 
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